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Resumé - Dansk 

Digitalisering har skabt nye muligheder for at tilgå, opbevare og dele information, hvilket 

har påvirket biblioteket som institution. Biblioteker har ændret sig fra at være centrale 

informationsdepoter til at være offentlige rum, der indbyder til aktivitet, læring og 

fællesskab. Denne Ph.d.-afhandling handler om makerspaces på danske folkebiblioteker, 

som er performative biblioteksrum, der indbyder brugere at skabe, lære og tage del i et 

fællesskab med materialer og teknologier som omdrejningspunkt. 

I Ph.d.-afhandlingen stilles det umiddelbart simple tematiske spørgsmål, ”hvordan 

praktiseres makerspaces på biblioteker?” Spørgsmålet er aktuelt stille af to årsager. For 

det første forbindes makerspaces med forventninger om demokratisering, 

bemyndiggørelse og fællesskab, hvis indfrielse er afhængig af lokale forhold. For det 

andet symboliserer de forandring og indlejrer praksisser, der fremstår forskellige fra det 

traditionelle bibliotek. Netop i det møde, er det relevant at forstå den hårfine balance 

mellem det at udforske nye udviklingsmuligheder og samtidig at fastholde bibliotekets 

institutionelle kerneværdier og integritet som en demokratisk vidensinstitution. 

Afhandlingen afdækker praksisser i biblioteksmakerspaces fra brugernes og 

biblioteksansattes perspektiv i tre underspørgsmål: (1) ”Hvordan arrangerer biblioteker 

makerspaceaktiviteter?”, (2) ”Hvordan forbindes materielle praksisser til 

makerspacebrugernes hverdagsliv?” og (3) ”Hvordan medierer biblioteksmakerspaces 

sociale relationer?”. Spørgsmålene adresseres i seks artikler, som er lavet på baggrund 

af fire empiriske delstudier. Studierne indeholder interviews med biblioteksansattes og 

brugere, observationer af fællesskab-orienterede aktiviteter og videointeraktionsanalyse 

af forældre-barn samarbejde i semi-strukturerede non-formelle aktiviteter. Dermed 

indeholder afhandlingen forskellige metoder og aktører, som bidrager med et rigt og 

nuanceret indblik i danske biblioteksmakerspaces. 

Med afsæt i praksisteori, menneske-maskine interaktion (HCI) og 

informationsvidenskab, diskuterer denne afhandling makerspaces i danske 

folkebiblioteker i forhold til organisering af aktiviteter, informationsadfærd, læring, 

meningsdannelse, samarbejde, fællesskab og institutionel forankring. Særligt bidrager 

afhandlingen med et hverdagsligt perspektiv på ’at skabe’ på biblioteket, som både 

belyser nye forandringsmuligheder samt integrationen af makerspaces i bibliotekets 

eksisterende praksisser og værdier.  
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Abstract 

Digitization has afforded new possibilities to access, store, and share information that has 

affected libraries. Libraries have developed from central information warehouses towards 

being public places for activity, learning, and community building. This PhD dissertation 

is about library makerspaces – a type of performative library spaces inviting users to 

create, learn, and take part in a community around tools and materials.  

The dissertation asks the ostensibly simple thematic question “How are makerspaces 

practiced in libraries?” that is relevant for two reasons: First because makerspaces 

associate with expectations of empowerment, democratization, and community while 

outcomes depend on local conditions. Second, makerspaces in library symbolize change 

and involve practices not traditionally associated with libraries. That underscores the 

relevance of understanding ways makerspace activities unfold in practice and integrate 

with existing values and practices of the library.  

Library makerspace practices are further deconstructed into three questions covering 

users’ and staffs’ practices. These include (1) “how do library makerspaces arrange 

activities?,” (2) “how do material activities connect to makers’ everyday lives?,” and (3) 

“how do library makerspaces mediate social relations?”. The questions are addressed in 

six articles relying on data gathered in four complementary empirical studies. The studies 

include interview studies involving staff and users, an observational study of a communal 

library makerspace, and a video interaction analysis of father-child interaction in semi-

structured non-formal activities. Together, these studies contribute to a nuanced 

understanding of practices in library makerspaces.  

Based on practice theory, human-computer Interaction, and library information sciences, 

this dissertation discusses library makerspaces in relation to organization of activities, 

information behavior, learning, meaning-making, community, and institutional 

embeddedness. This dissertation contributes an everyday perspective on library 

makerspaces enlightening both the new potentials makerspaces offer for libraries and the 

ongoing challenges of integrating new practices in institutionalized values and practices.   
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Introduction 

For the last decade, public institutions around the world have introduced makerspaces to 

facilitate citizens' creative expression and support learning and community building. 

Schools, universities, science museums, community centers, and libraries are among the 

institutions that invite people, with minimal prerequisites, to participate in activities 

applying digital fabrication, physical computing, and handicrafts to make or appropriate 

everyday things. That is an exciting ambition placing ordinary people in the role of 

designers. 

This Ph.D. dissertation engages with the integration of makerspaces in Danish public 

libraries. The library is a public institution that has historically played a role in bringing 

information and enlightenment to citizens and local communities in the welfare state of 

Denmark. In libraries, makerspaces connect to existing values of information sharing, 

informal learning, equitable access to tools, and community building (Slatter & Howard, 

2013). Makerspaces also symbolize a change (Willett, 2016). Due to digitization, the role 

of the library has been challenged for the last twenty years. For example, everyday 

information needs are intuitively resolved by Google searches (Norris, 2006), books can 

seamlessly be purchased with a single click online (Brandt, 2011), and streaming services 

offer unlimited consumption of e-books, audio books, music, and much more (Arditi, 

2021). The online catalog of information has had implications for using physical materials 

in the library and catalyzed libraries to direct attention towards digital services and 

situated activities to retain their relevance as public institutions informing democratic 

citizenship.  

Makerspaces can support informed citizenship by developing literacies to understand, act 

with, and critically reflect on technology (Berland, 2016; Iversen et al., 2018). Also, 

makerspaces support the meeting, collaboration, and informal exchanges among diverse 

people connecting them to their local communities (Koh et al., 2019). These possibilities 

are exciting for libraries because citizens take on the role of technology designers instead 

of mere consumers. However, critiques of makerspaces and the maker movement have 

also argued that expectations of empowerment and democratization are intertwined with 

commercial and political incentives (Hepp, 2018) and are dependent on local cultural 
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conditions (Lindtner et al., 2016). The discourses connected to the maker movement have 

supported a wide adoption of makerspaces in schools, libraries, and museums worldwide, 

but, at the moment, makerspaces seem to be reaching a saturation point (Rosa et al., 

2017). Makerspaces have existed for over a decade in libraries (McCue, Nov 2011) and 

are gradually becoming a standard service in libraries across the globe (Born et al., 2018). 

Hence, the motivation of this research is not to resonate with the expectations associated 

with the implementation and spread of makerspaces but rather to enhance the 

understanding of how makerspaces integrate with and contribute to the library and local 

citizens' everyday lives.  

This dissertation asks a simple thematic question: How are makerspaces practiced in 

libraries? This ostensibly simple question informs investigations into library 

professionals' practices of arranging spaces and activities, makers' material practices 

intertwined in their everyday lives, and the socio-material configurations that connect 

users in makerspaces. The users' and professionals' perspectives also inform a general 

discussion about the opportunities of installing a technology-infused space in an 

institution with cultural-historical values and the complexities of turning it into a 

meaningful place. Before further detailing the research questions and structure, the main 

concepts of this dissertation are introduced. That is making, library, and practices.  

Making 

Making is a process of materializing ideas and thereby connecting to one's social and 

material surroundings (Gauntlett, 2018; Schön, 1983). Conventionally, making is 

considered a part of the work of skilled craftspeople like carpenters, mechanics, textile 

designers, software engineers, artists, and other skilled professionals. There is extensive 

research within design, business, and human-computer interaction about creative 

professionals' processes and outcomes. Studies have shown interest in creative 

professionals' training (Schön, 1988; Wang, 2010), approaches to problem-solving 

(Cross, 2002), information behavior (Hemmig, 2008; Mace & Ward, 2002), intimate 

relations with and skillful use of tools (Schön, 1983), and the communities of practice 

(Tan, 2021) in which they engage. However, non-professionals have, throughout human 

history, engaged in material activities spanning from ancient practices of wood carving 

to cooking for one's family and friends, knitting for necessity or pleasure, and building 

things with sticks, rocks, and Lego bricks. Non-professional leisure-based making 
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deviates from the traditional designer-consumer relationship (Watson & Shove, 2008) 

and has gained increased attention over the last 20 years. The internet has offered 

hobbyists new ways to access information, share ideas, and collaborate with like-minded 

others, enabling more people to get involved and advance their skills in cooking, knitting, 

woodworking, beer brewing, figure painting, and so much more. 

Creative leisure projects are worth studying not because they add more stuff to the world 

nor because the material outcomes are particularly useful, novel, or innovative. Instead, 

making is a process that can be an engine for learning, identity-making, recreation, 

socialization, and critical reflection. More profoundly, making can be considered a 

practice in which individuals confront the complexity of everyday objects and take on 

the role of an engineer or a designer (Roedl et al., 2015). As an example, Lisa’s coffee 

grinder breaks down, and as a leisure project, she chooses to repair it herself. Compared 

to purchasing a new one, she is likely to be led down a more time-consuming, 

problematic, and frustrating path. She possibly read the manufacturer's guides to detect 

the problem. She seeks information online, takes the instrument apart, and operates a 

multimeter. Solving the problem might require acquiring, repairing, and installing 

replacement parts and soldering disconnected wires. If successful, she has spared a little 

money, learned about the interior of a coffee grinder, and developed techniques for 

problem-solving an electronic device. More importantly, she has gained mastery over a 

piece of her everyday life that she priorly did not completely understand. 

Makerspaces are places that support creative leisure projects, like Lisa’s, by assembling 

tools and resources and encouraging communities (Colegrove, 2017; Halverson & 

Sheridan, 2014; Willingham, 2018). Makerspaces are associated with the maker 

movement, which Dale Dougherty describes as a social movement connecting and 

encouraging individuals to "[..] engage passionately with objects in ways that make them 

more than just consumers" (Dougherty, 2012, p. 12). The maker movement, led by Dale 

Dougherty, connects directly to Maker Faire and Make: Magazine but also associates with 

broader technical developments extending the possibilities for creative leisure projects 

(Halverson & Sheridan, 2014). These include digital fabrication and physical computing 

tools combining digital and analog materials (Anderson, 2012; Gershenfeld, 2012; Mellis 

et al., 2013), online platforms for sharing (Kuznetsov & Paulos, 2010; Tseng & Resnick, 

2014), and physical spaces gathering makers and hackers (Davies, 2017; Willingham, 

2018).  
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Although making can be situated in the private sphere, makerspaces offer a public place 

for making. Makerspaces is an inclusive term for creative spaces, including FabLabs, 

hackerspaces, and learning labs. Makerspaces co-situate makers and provide the 

conditions for informal sharing and tutoring, developing relations with like-minded, and 

forming communities. As ‘makerspace’ is a broad term allowing individual libraries to 

accustom the space to live up to spatial requirements, local strategies, and community 

needs (Willingham, 2018). A typical makerspace contains tools and materials for digital 

fabrication and physical computing that intersect physical and digital domains. Physical 

computing devices, such as the Arduino, allows makers to build things that sense the 

environment and produce context-dependent outputs (Mellis et al., 2013). Digital 

fabrication tools, like 3D printers and laser cutters, translate digital files into physical 

objects. Enabling individuals to access, customize, fabricate, and share models have been 

argued as a revolutionary way of producing and sharing physical objects (Anderson, 

2012; Gershenfeld, 2012). Additionally, individual makerspaces provide access to 

diverse combinations of craft tools and creative materials like woodworking, sewing 

machines, e-textiles, electronics toolkits, cardboard, glue, and foam. 

The maker movement has successfully built a global campaign gathering diverse makers 

and hackers around values of creativity, invention, empowerment, and democratization 

of technology (Halverson & Sheridan, 2014). However, scholars also are spectical of the 

overoptimistic discourses that connect to commercial interests (Lindtner et al., 2016; 

Hepp, 2018) underscoring the need to understand how ideals of the maker movement 

manifests in concrete situations and adds value.  

Libraries 

Makerspaces tap into an ongoing transition in the library self-conception from an 

‘information warehouse’ toward being a participatory and communal public place 

(Audunson et al., 2011; Cuong Nguyen et al., 2012). Making can be considered a 

performative library space (Jochumsen et al., 2017) affording users to play, experience, 

and produce rather than consume content. This transition is also triggered by digitization 

and financial reductions that have had severe implications on the spatial layout, material 

collection, users’ participation, services provided, and librarianship. The new conditions 

have motivated libraries to provide digitized materials (Marcum & Schonfeld, 2021), 
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integrate with other public services (Given & McTavish, 2010), and add emphasis on 

activities (Mathiasson, 2020).  

Also, the conditions have sparked an ongoing debate about the relevance and role of the 

library. Skeptics point out that libraries are declining, referring to the reduction in book 

collections and book lending (e.g., Christoffersen, Dec 2017; Poulsen, Nov 2021). On the 

contrary, advocates argue for the increased use electronic resources, the increased number 

of activities libraries offer, and the large numbers of citizens Danish libraries still attract 

(Slots- og Kulturstyrelsen, 2019). Esteemed library scholars, Ragnar Audunson and 

Svanhild Aabø (2013), even argue that the task of caretaking for library collections was 

mistakenly considered the core role of librarians. Instead, they argue that digitization has 

set librarians free to focus on their actual mission, which is "on the basis of organized 

collection of documents [..]" to "[..] initiate and stimulate social processes related to 

knowledge sharing, knowledge creation, learning, and cultural experiences" (Audunson 

& Aabø, 2013). 

Regarding the institutional transformation, makerspaces are relevant physical 

installations to examine because they manifest and symbolize the transition of libraries 

(Slatter & Howard, 2013). Skill acquisition, knowledge creation, and learning in 

makerspaces are usually not based on an organized collection of documents, making them 

extreme cases potentially displaying implications of the performative library. 

Implications include the role libraries take in the local community, the value libraries add 

to peoples' everyday lives, and the competences required for users to participate in and 

staff to support. Also, as making represents a material and situated practice of learning-

by-doing, experimenting, and informal sharing, what counts as information and what 

literacies are at play are among the tensions this research seeks to enlighten.  

Practices 

The practice perspective is an assemble of theories viewing spaces (Lefebvre, 1991), tools 

and materials (Orlikowski, 1992, 2007), activities (Engeström, 2015), learning and 

development (Dreyfus & Dreyfus, 1986), and social institutions (Giddens, 1984) as 

shaped by a continuum of everyday practices. According to Elizabeth Shove, Mika 

Pantzar, and Matt Watson (Shove et al., 2012), practice theories root in Anthony Giddens' 

(Giddens, 1984) idea that social institutions and human actions are mutually constitutive. 

That means that libraries, makerspaces, and maker communities are created, shaped, 
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maintained, and developed by human participation. Institutions hold resources, like 

libraries possess space, books, staff, and financial resources. Makerspaces possess tools 

and materials, and user communities possess expertise that, in sum, enable individuals' 

actions. At the same time, institutions build upon a history of interactions that results in 

rules and norms constraining behavior. Acting according to rules and norms reproduces 

the institutions, while contesting them can lead to conflict, renegotiation, and change. 

Practice theories also acknowledge that behavior is learned, affected by tangible and 

material experiences, and often conducted unreflectively by everyday routines 

(Bakardjieva, 2011; Dreyfus & Dreyfus, 1986; Giddens, 1984). 

For this research, practice theories offer a vocabulary to empirically examine library 

makerspace libraries arrangement of activities (Engeström, 2015), makers’ material 

interactions with information and tools as a meaningful part of their everyday lives 

(Bakardjieva, 2011), and the mediative role of tools, materials, and spaces (Kuutti, 1996; 

Orlikowski, 2007) on the relation between makers. Also, practice theories offer the 

conceptual grounding to reflect upon the institutional implications of implementing a 

technology-infused space in a historically constituted institution (Engeström, 2015; 

Giddens, 1984; Lefebvre, 1991).  

Research questions 

The overall thematic question of this research is how are makerspaces practiced in 

libraries? – is decomposed into three main questions this dissertation covers: 

1. How do libraries arrange makerspace activities? 

2. How do material practices connect to makers' everyday lives?  

3. How do library makerspaces mediate social relations? 

This article-based thesis relies on four empirical studies conducted in library makerspaces 

over the last three years to uncover these three questions, including: Study 1 comprises 

semi-structured interviews with library makerspace staff (n=15) about their approaches 

to organizing spaces and activities. Study 3 comprises interviews with makerspace users 

(n=13) – from now on makers - reconstructing their makerspace project timelines and 

transfer between places. Study 2 and 4 are case studies applying participants' observation 

(25 hours over three months) examining a close-knit library makerspace community 

(Study 2), and video interaction analysis of father-child collaboration (n=2 pairs, 10h 
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video material) in three workshops situated in a social neighborhood (Study 4). The 

results materialize in six articles covering the library staff and user practices in library 

makerspaces (Figure 1).  

 

Figure 1. An overview of the interaction between research questions, articles, and data. 

Based on interview data from Study 1, Article 1-2 seek to answer the first research 

question from library makerspace staffs’ perspective. Article 1 is about how learning is 

scaffolded contributing an overview of activities and techniques to scaffold learning, 

social interactions, and community building in the makerspace. Article 2 focuses on 

library staffs’ practices to sustain participation and expertise and continuously embedding 

the makerspace into the library and local community. Articles 3-4 build on interviews 

with makers gathered in Study 3 and contribute to answering the second research 

question. Article 3 provides a content analysis of makers' use of documents, people, 

experimentation, and prior experiences as information sources during their projects. 

Article 4 analyses makerspace projects as part of individuals' everyday lives and depicts 

three distinct practices – crafting, connecting, and communing. While Articles 1-4 deal 

with library staff and makers' self-reported practices, Articles 5-6 study the social and 

material aspects of the third research question. Article 5 analyses five stages of 

participation, spanning from ‘me to we’ (Simon, 2010) in a close-knit library makerspace 

community, whereas Article 6 provides a close-up and detailed analysis of the social and 

material interaction between fathers and children based on video data material.  

As a whole this research combines several methods and voices diverse actors, 

contributing a nuanced understanding of practices in library makerspaces. This research 
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is informed by and contributes to two domains of research. The first is human-computer 

interaction (HCI) and the sub-fields of computer-supported cooperative work, child-

computer interaction, and participatory design. HCI has a history of promoting the agency 

of users in computing, and within HCI an extensive body research exists about tools for 

making and practices in makerspaces. Relevant to HCI scholars, this research elaborates 

on the situated collaboration that makerspaces afford and the connection between 

makerspaces and other domains in everyday life. The second domain is Library and 

Information Studies (LIS) to which this research offers a detailed account of ways library 

makerspaces are configured in a Danish context. Also, interacting with existing research 

on information behavior and the library institution, this research addresses the both 

potentials and complexities relating to implementing tool-infused spaces in libraries. 

Relevant for both HCI and LIS, this research highlights central tensions in makerspaces 

related to scaffolding of learning and equity.    

Structure 

The article-based dissertation is structured into seven chapters. Following this 

introduction is Chapter 2, which establishes the context of this research. The chapter 

provides background on the role of libraries and introduces the concept of makerspaces. 

Chapter 2 highlights four institutional values and practices that makerspaces can have an 

impact on, including the materiality of information, community, equitable access, and 

librarianship. In Chapter 3, the theoretical foundation of the practice is unfolded. Because 

practice theory provides a multilevel analytic lens, the chapter is into three sections 

outlining relevant practice theories and relating them to the existing research on 

makerspaces. The three sections are individuals’ material interactions, mediation of social 

interactions, and social and material constraints. Chapter 4 presents the methodology of 

this Ph.D. project comprising four complementary empirical studies involving 

makerspace users and staff. The connections between the studies are stipulated, followed 

by a discussion of the methodological trade-offs and ethical considerations made. Chapter 

5 presents the six articles of this thesis and outlines the motivations, research problems, 

and main findings of each article. Chapter 6 highlights the key findings of the six articles 

with the three research questions and argues for its contribution to the existing body of 

knowledge in HCI and LIS. A concluding remark follows the discussion in Chapter 7. 
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Situating makerspaces in libraries 

The Danish Library Act says that “The aim of public libraries is to promote information, 

education, and cultural activity by providing access to books, periodicals, audiobooks, 

and other appropriate materials” (The Danish Library Act, §1). Historically, the library 

is an institution aspiring to provide equitable access to information and promote cultural 

activity that informs local citizens' democratic engagement. Libraries around the world, 

however, differ in their strategies, focus, legislation, and the communities they serve. In 

some countries, such as Iceland and Hungary, the legislation emphasizes the library's role 

in ensuring the cultural heritage and promoting the local language; in the U.S., libraries 

seek to combat misinformation and information inequalities, while Norwegian libraries 

underscore the library as a place for public debate (Audunson, Aabø, Blomgren, Evjen, 

et al., 2019; Rydbeck & Johnston, 2020).  

Libraries worldwide also share the problem of adapting historical roles and practices to a 

digital world. From a historical perspective, Scott Bennet (2009) argues that libraries have 

adapted to the information environments of their times. Bennet argues for three paradigms 

that manifest in library architecture: Reader-centered, book-centered, and learning-

centered libraries. Up until the 20th century, written information was scarce, library 

collections were modest, and the design of libraries was with “the purpose of affirming 

the unity of readers and books” (Bennet, 2009, p. 182). Reader-centered library spaces 

are dedicated to reading rooms to accommodate readers and the associated practices of 

‘the men of letters,’ including lecturing halls and offices. As book collections grew 

radically in the 1900s, the book-centered paradigm became the dominating. The book-

centered paradigm aligns with the stereotypical image of a library that allocates most of 

its space to store a logically organized collection of books. In the book-centered 

paradigm, librarians take on the roles of ‘bookkeepers’, acquiring, cataloging, and 

organizing books, and servicing users by recommending books and providing instructions 

to access them (Nguyen et al., 2012). That makes up a one-way service where libraries 

store, organize, and gatekeep the access to information. Since the rise of the internet, 

information has become increasingly superabundant that contests the book-centered 

paradigm (Bennet, 2009). Information can be stored on virtual databases and accessed 
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from anywhere and by multiple people at once. Libraries have willingly participated in 

digitizing books, providing access to the internet, and promoting digital literacies because 

it serves the library’s mission of making information available to as many people as 

possible (Marcum & Schonfeld, 2021). Nevertheless, the digital information environment 

has also challenged the library's role as an information provider, paving the way for 

libraries to allocate spaces for experiencing, meetings, learning, making, collaborating, 

and sharing (Bennet, 2009; Jochumsen et al., 2012). 

Library spaces and activities 

Although books have been placed at the center of libraries, supplementary activities have 

existed for a long (Mathiasson, 2020; Söderholm & Nolin, 2015). In a historical analysis 

of programs in two Danish libraries, Mia Mathiasson (Mathiasson, 2020) finds that 

libraries have hosted events and cultural activities at least since the 1960’s. While library 

activities formerly contributed directly to library services (ie., by promoting content), 

more recently activities like yoga classes, makerspaces, group singing, and dining events, 

have become an integrated part of libraries that are considered ends in themselves 

(Mathiasson, 2020).  

The emphasis on active participation is apparent in the library architecture and spatial 

layout. Ken Worpole (Worpole, 2013), for example, lists the differences between 

‘traditional’ and ‘contemporary’ library architecture. Among the differences are that 

traditional libraries are designed as stand-alone services and as ‘temples of knowledge’ 

that are entered by stairs symbolizing their authority. Books are held in separate rooms 

and stored on shelves that require a ladder to reach. Modern libraries, in contrast, are 

designed as a ‘living room in the city’ that is entered by the ground floor and can be 

combined with other services, such as a café, store, or citizen service. Modern libraries 

have an open-plan design, call for circulation, and books are stored at human height 

(Worpole, 2013). The modern touch is also noticeable in Danish libraries. During this 

Ph.D. project, I have visited DOKK1, Tingbjerg Library, and Culture House, Silkeborg 

Library, Ballerup Library, Vordingborg Library, among others reflecting similar 

tendencies. Danish libraries are designed around open spaces that can be configured for 

multiple purposes. Library users might experience exhibitions and installations among 

the collections, and separate spaces are allocated for cafés and dining areas for meeting, 
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studying areas, play areas, and maker zones. Many Danish libraries also offer space for 

other public services, such as citizen services or municipal offices.  

Henrik Jochumsen, Dorte Skot-Hansen, and Casper Rasmussen (Jochumsen et al., 2012) 

introduced the four-space model that informed Scandinavian library design and 

organization and practice. The model is structured around four objectives that libraries 

can contribute to in a democratic society; experience, involvement, empowerment, and 

innovation. Experience and involvement relate to individuals’ perception, meaning-

making, and identity-making in society. Empowerment relates to strengthening 

individuals’ abilities to solve everyday problems, and innovation regards the ability to 

solve problems in new ways or develop new forms of expression (Jochumsen et al., 2012). 

The model suggests that the objectives are manifested in four spaces conceptual 

overlapping spaces: The inspirational space stimulating experiences and encouraging 

serendipitous exploration, the learning space supporting as individual or group learning, 

the meeting space facilitating meeting between diverse citizens in the community, and 

the performative space. This research is about library makerspaces, which is one kind of 

the performative space “in which the library’s users are inspired to create new artistic 

expressions or are given the ability to design, create and produce various kinds of 

products or cultural artefacts in interaction with other users and professionals.” 

(Jochumsen et al., 2017, p. 517).  

In common with other contemporary ways of conceptualizing libraries, including the 

participatory library (Hvenegaard Rasmussen, 2016; Nguyen et al., 2012), the library 2.0 

(Casey & Savastinuk, 2007) or the movement ‘from collection to connection’ (Audunson 

& Aabø, 2013), the four-space model encourages a focus on stimulating users’ senses and 

triggering attention, developing competences, staging and facilitating meetings between 

people, and encouraging users to create and participate in making the library. Thus, 

libraries become not merely spaces to store and access books but also places that are 

produced and reproduced by citizens' practices.  

Makerspaces  

As performative library spaces, makerspaces aspire to foster creativity, learning, sharing, 

and community-building by co-situating makers around tools and resources for making 

(Colegrove, 2017; Halverson & Sheridan, 2014; Willingham, 2018). Makerspaces are 

associated with tools that intersect physical and virtual domains. These include physical 
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computing tools affording digital monitoring and control of the physical world using 

pluggable components (Green et al., 2019) and digital fabrication, such as 3D printers, 

translating digital models into physical objects (Gershenfeld, 2012). However, most 

makerspaces also offer non-computational tools and materials, such as power tools, 

sewing machines, glue guns, and cardboard (Willingham, 2018), and a variation of 

electronics toolkits (Qi et al., 2018) and e-textiles (Buechley & Hill, 2010). Toolkits trade 

off some flexibility and technical possibilities to reduce barriers to getting involved in 

and being creative with electronics and computational tools (Meissner et al., 2018).  

The term makerspace is an inclusive term for several kinds of creative spaces, including 

hackerspaces and FabLabs, that can be situated in private members-based clubs or placed 

in traditional institutions like schools, universities, museums, or libraries (Dougherty, 

2016, p. 78). The inclusive definition can, on the one hand, be confusing and represent a 

lack of coherence in practices (Blikstein, 2018), while on the other hand, it affords 

appropriating the makerspace to local cultural, institutional, and economic conditions 

(Lindtner et al., 2016). Makerspaces at schools, for instance, serve to motivate learning 

of school children (Eriksson et al., 2018; Halverson & Sheridan, 2014; Martin, 2015), 

whereas membership-based communal hackerspaces, FabLabs, or makerspaces attract 

hobbyist makers that participate as part of their personal interests, and members continue 

to participate for the specialized expertise among users or staff and the feeling of 

belonging in the space (Taylor et al., 2016; Toombs et al., 2015). Also, specialized 

makerspaces and maker activities exist that seek to involve underrepresented groups in 

making, such as women (Fox et al., 2015), elderly (Carucci & Toyama, 2019), disabled 

(Brady et al., 2014), or at-risk youth (Kuznetsov et al., 2011).  

In contrast, library makerspaces cannot rely on a predefined target group. Rather library 

makerspaces seek to provide equitable access to tools for construction, attract new and 

diverse users to the library, encourage informal learning, and foster communities (Slatter 

& Howard, 2013). In other words, library makerspaces can support diverse groups and be 

configured in multiple ways.  Orlindo Caso and Joran Kuijper (Caso & Kuijper, 2019), 

for instance, illustrate the spatial arrangements of fifteen Dutch library makerspace, 

displaying differences in their size, tool selections, and position in the library, openness, 

and connection sections in the library and external urban environment. Among the 

examples provided by the authors are DigiLab in Tilburg, which is an open configuration 

of the makerspace in the center of the library, affording by-passers to participate in 
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workshops, BiebLab in Gravenzande, which is a makerspace in a closed room focused on 

children and schools, and Maakplaats 021 that is a large makerspace equipped with a 

combination of digital fabrications and crafts that can be accessed from the library and 

the street.  

In other words, library makerspaces invite creative expression, learnings, and community 

building around tools and materials but vary in terms of their position in the library, tools 

offered, and users involved. However, this flexibility of makerspaces affords libraries to 

appropriate the makerspace for local conditions and needs, and thereby representing the 

needs of their local communities.  

Institutional values and practices 

Placing makerspaces in libraries introduces an interesting tension. On the one side is the 

library as a societal institution. Institutions are “the more enduring features of social life” 

(Giddens, 1984, p. 24), containing historically produced collective expectations of norms, 

roles, values, and power structures within a particular type of organization. In this line of 

thinking, the historical connotations of the library as a knowledge institution providing 

access to information, knowledge, and learning are embedded in existing practices and 

stipulated both by local politicians (Evjen, 2015) and citizens (Audunson, Aabø, 

Blomgren, Hobohm, et al., 2019). Makerspaces, on the contrary, are associated more with 

the production of physical objects than information access affecting (1) materiality of 

information, (2) equitable access, (3) community, and (4) librarianship. These values and 

practices are depicted in the following sub-sections. 

Although makerspaces do not contradict library values (Colegrove, 2017; Willett, 2016), 

makerspaces do not associate with the same historical connotations as the library, hence 

offering an illustrative, rapid, and even extreme case of the institutional changes that 

libraries are undergoing. This research aims to address the unique offer makerspaces 

propose to connect the library with citizens and communal actors and uncover ways 

makerspaces can be appropriately integrated into the existing values and practices 

connected to the library institution.  

Materiality of information 

In contrast to the material and authoritative information in the library as a ‘temple of 

knowledge’,  makerspaces (Li, 2021), tool-lending services (Söderholm & Nolin, 2015), 
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and knitting circles (Prigoda & McKenzie, 2007) offer access to a type of information 

that is tacit, experienced, situated, and dialogical. As Michael Buckland puts it, 

information in these activities is not a material thing in the form of data points, 

documents, or objects that can be stored, moved, referenced, and manipulated. Rather, 

information exchanges are situated in time and space (Buckland, 1991). As part of 

creative processes, individuals grasp the information sensed by their fingers, eyes, ears, 

and associated tools. For example, research on designers’ and artists' information 

behavior (Mason & Robinson, 2011) finds that creative professionals not only get 

inspiration from written sources. Also, places, people, experiments, and even nature can 

inform the design process. Similarly, subtle details like a bad smell or a sound can greatly 

inform and assess the 3D printing process. 

Equitable access 

Public libraries are unique institutions because they allow all citizens to access despite 

age, educational level, gender, ethnicity, and social status. The diverse representation 

serves a democratic function for libraries, enabling low-intensive exchanges among 

diverse cultural groups in the community (Audunson, 2005). In addition, libraries take on 

the role of servicing less privileged groups in the community. For example, a Norwegian 

study reports that immigrant women use the library to learn about the country and its 

customs, meet others in a similar situation, and access news about their home country 

(Audunson et al., 2011). Other studies report that libraries aspire to reduce the digital 

divide by accessing the internet and hosting digital literacy activities (Bertot et al., 2016).  

Library makerspaces also aspire to “provide equitable access to a diverse set of 

resources” (Colegrove, 2017, p. 2990), but scholars still find preconditions constraining 

the participation. From interviewing library makerspace staff (Barniskis, 2016a) and 

observing practices in library makerspaces (Barniskis, 2016b), Shannon Barniskis reports 

that entering a makerspace requires the skills to instruct tools and the social skills to 

understand to what purpose they should be applied. Despite libraries' dedication to equity 

and a documented skewed participation in makerspaces (Eckhardt et al., 2021), there is a 

scarcity of studies seeking to involve underrepresented groups in makerspaces. One 

exception is found by Tara Brady, Ayah Nuriddin, Walter Rodgers, and Mega 

Subramaniam (Brady et al., 2014). They seek to expand access to makerspace by 

providing activities for users with disabilities. Using a pop-up makerspace, the authors 
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develop of series of STEM-based activities combining material and computational tasks. 

The authors find that the users enjoy the tactile experiences and detect learning potentials 

from a wind turbine installation, but also argue that accommodating disabled users 

requires that instructors are flexible and able to adapt activities to serve the users’ needs. 

Put differently, making library makerspaces equitable requires more than simply 

installing the makerspace. It requires strategies to recruit, empathy for diverse users, and 

willingness to adapt to the skills and interests of diverse users.  

Community 

Public libraries can be considered intermediaries. Libraries communicate government 

information to local communities, provide citizens access to a global information 

environment, and stage meetings between citizens in the community. While the 

communal role of libraries prior has been overshadowed by its information obligations, 

the emergence of digital technologies has made libraries stress the social and communal 

qualities (Söderholm & Nolin, 2015). Importantly, as Victor Lee (2019) argues is that 

libraries and their community are mutually constitutive:  

Whether the community being served is a large metropolis, a small neighborhood, a 

university campus, or an elementary school, the community is reflected in its library, 

and the library is reflected in its community. Libraries develop the unique portions 

of their collections based on what is produced in the community that they serve, 

making a trip to any library an opportunity to learn about the tastes of the local 

population and the history and priorities of its immediate community. (p. 13) 

Public libraries hold a particular role as they are situated in most neighborhoods providing 

a place for people to meet and participate in activities. Elena Prigoda and Pamela 

McKenzie’s (Prigoda & McKenzie, 2007) study of knitting groups in Canadian libraries 

demonstrates that participants support one another by exchanging tips and techniques and 

providing a space to talk about health, family, and much more. The activity of knitting is 

the access point to participate, but ultimately users stress the social interaction, emotional 

support, and the feeling of belonging to the community. 
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Librarianship 

Librarians have long been associated as care keepers of the collection of knowledge, but 

Svanhild Aabo and Ragnar Audunsson (2013) state that digitization has relived librarians 

of this tasks and allowed them to focus on their actual mission. According to Aabo and 

Audunsson (2013), librarianship is to “on the basis of organized collections of documents, 

initiate and stimulate social processes related to knowledge sharing, knowledge creation, 

learning, and cultural experiences”. Similarly, David Lankes (2016) defines librarianship 

as a profession aspiring “to improve society through facilitating knowledge creation in 

their communities” (p. 17). According to Lankes’ new librarianship, knowledge creation 

is facilitated by providing access to conversations and materials, supporting knowledge 

creation through instructions, providing an environment for learning, and utilizing the 

motivations of members or communities.  

While these ideas of librarianship align with practices in makerspaces, the new 

librarianship changes the role of librarians. Recent trends in libraries have situated 

librarians at the center of the open spaces, facilitating activities, conversing with users, 

and scaffolding learning processes. Specifically, in studies of makerspaces, it is found 

that librarians require to be open to learn new skills and adapt to unfamiliar situations. 

Also, they needs to possess skills to collaborate with partners and community groups, 

advocate for their makerspace, and serve diverse users (Koh & Abbas, 2015). In sum, the 

librarian not only facilitates the knowledge processes of individuals but also organizes 

the space, advocates for its relevance, and manages resources. In addition, some technical 

expertise is required to support makers in their learning process.  

To recap, makerspaces offer new possibilities for libraries to connect to their community 

and facilitate knowledge creation, creative expression, and diverse communal groups. 

However, makerspaces also demand new staff competences and invite information 

practices that construct information in dialogue with materials and between users. Based 

on literature practice theory and literature on the maker movement, the following section 

details the practices of makers.   
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Practices 

The so-called practices turn has made an impact on HCI and information sciences. The 

practice turn entails an assembly of theories to analyze language and discourses (Schatzki, 

2016), embodied social and material interactions (Dourish, 2004), learning and 

development (Dreyfus & Dreyfus, 1986; Lave & Wenger, 1991), and institutional change 

(Engeström, 2015; Giddens, 1984; Orlikowski, 1992). Despite dealing with diverse 

objects of analysis, practice theories share an ontological view of human behavior as 

constitutive for and by its social and material environment (Shove et al., 2012). In that 

sense, human agency – or practices – are both motivated, performative and can cause a 

change in the world while also being enabled and constrained by situated circumstances, 

such as rules, obligations, and technologies. 

In the context of library makerspaces, practice theory offers an intuitive fit. Makerspaces 

emphasize material, embodied, and situated interaction with tools, while libraries provide 

a cultural-historical context that shapes the expectations for appropriate behavior. 

Specifically, practice theory informs this research with a vocabulary to study (1) the social 

and material arrangements conditioning makerspace activities, (2) makers' material 

interactions situated in the makerspace yet intertwined in the broader fabric of everyday 

life, and (3) the role of materials in mediating the social interaction among participants in 

the makerspace.  

The following sections serve two purposes: The first is to outline the theoretical 

foundation of this study regarding individuals’ materials interactions, mediation of social 

relations, and the social and material constraints. The second aim is to provide an 

overview of the relevant prior research about makers' embodied material interactions, the 

makerspace as an intermediary for social interactions, and the socio-material constraints 

embedded in makerspaces.  

Individuals' material interaction 

Practice theories were introduced to HCI as an alternative to cognitivist approaches that, 

put simply, view human behavior as performed by a "passive, fragmented, de-

personalised, un-motivated individual" (Bannon, 1991, p. 26). Pioneers of the practice 
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perspective in HCI demonstrated that considering individuals as rational actors whose 

behavior could be anticipated and planned was insufficient. That is because unexpected 

situations arise that require creative problem-solving and human intuition to overcome 

(Dreyfus & Dreyfus, 1986; Suchman, 1987) and because people rely on different 

experiences and seek purpose beyond performing the task at hand (Bannon, 1991; Kuutti, 

1996; Wynn, 1992). Alternatively, practice theory suggests viewing human perception, 

experiences, and actions as interconnected and situated in the surrounding social and 

material environment (Dourish, 2004; Harrison et al., 2011; Kuutti & Bannon, 2014).  

Concerning material interaction, practice theories provide two interconnected lenses. On 

the one hand, practice theories consider the recursive and repetitive aspects in which the 

actor develops skills and learns the rules and norms associating the actor with the broader 

practice (Bertelsen & Bødker, 2003; Dreyfus & Dreyfus, 1986). For example, Hubert 

Dreyfus and Stuart Dreyfus' five-stage model of skill acquisition reflects that people learn 

by doing – be it learning computer programming or becoming a nurse (Dreyfus & 

Dreyfus, 1986). At first, the learner is a novice making decisions based on analytic and 

rule-based thinking. By practicing, the learner experiences that the initial rules are 

insufficient for all situations and should be applied dependent on individual 

circumstances. As the learning process progresses, the learner gradually takes on more 

ownership and can practice without support. Over time, the learner has developed 

techniques to overcome a myriad of problems, and when sufficient experience is gained, 

rule-based decision-making is replaced by human intuition. Gradually, as the actors' skills 

advance, decision-making, tool-interaction, and problem-solving strategies become tacit 

and deeply rooted in the situation (Polanyi, 2009). 

On the other hand, practice theories appraise the skillful and creative adaptations taking 

place when engaging with a problem and interacting with materials (Schön, 1983; 

Suchman, 1987). In the seminal work, The reflective practitioner, Donald Schön (Schön 

1983), exemplarily demonstrates the material practices of designers. Schön introduces the 

idea of 'material talk-back that describes the design situation as a two-way dialogical 

process. When materializing an idea, the designer sees the design from a new perspective, 

reflects on the use situation, and makes improvised adjustments. In this view, tools and 

materials are not merely a canvas to convey the designers’ ideas. Instead, the material 

interaction is an iterative process between thinking, acting, and reflecting, contributing to 

materializing ideas and generating new ones. The two sides are further interconnected. 
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The material conversation depends on the designers' skills and experiences while 

interacting with materials adds to the catalog of experiences to draw on.  

The following three sections cover the literature on the material interaction of makers. 

The literature on making entails diverse makers and situations, including hobbyists 

(Green, Fuchsberger, et al., 2017; Kuznetsov and Paulos, 2010), school children (Weibert 

et al., 2014), fabrication professionals (Yildirim et al., 2020), entrepreneurs (Hui and 

Gerber 2017), and designers (Devendorf & Ryokai, 2015). Making has also been 

described in contexts spanning from formal education (Smith et al., 2015) to non-formal 

structured workshops (Christidou et al., 2022; Pienimäki et al., 2021) and informal 

community-run environments (Taylor et al., 2016). Based on the existing literature, the 

following subsections unfold the material practice of making as a form of personalized 

expression and learning-by-doing process contributing to a sense of empowerment and 

well-being.  

Personalized expression 

Tool and materials in the makerspace provide new means for people to express 

themselves. Studies, for instance, display clever hobbyist projects like DIY energy 

monitors (Sas & Neustaedter, 2017), personalized prostheses (Parry-Hill et al., 2017), and 

high-quality hip-hop music videos (Green et al., 2017), and personalized musical 

instruments (Morreale et al., 2017). Many maker projects include makers altering designs 

made by others and remixing them into their own (Oehlberg et al., 2015; Tseng & 

Resnick, 2014). As tools and materials in makerspaces (e.g., 3D-printers) favor ease of 

use and affordability, compromising quality in production (Tanenbaum et al., 2013). 

Thus, the values of maker projects rarely are functional but rather aesthetic and intrinsic 

in the process (Gauntlett, 2018).  

Aesthetic values in maker projects can be playful and critical, such as making a portable 

telegraph resembling a cell phone but having no counterpart to communicate (Tanenbaum 

et al., 2013). However, more often, values are personal. One example is E-NABLE, a 

volunteering community that makes digitally fabricated prostheses for the disabled. 

While the disabled are not the producers, they collaborate with a maker to accustom the 

prosthesis to personal preferences. The product is ultimately less functional than an off-

the-shelf prosthesis but offers an aesthetic value for the individual (Parry-Hill et al., 

2017). Other studies demonstrate that the process of making stimulates reflections on 
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personalized experiences. For instance, Tara Capel, Bernd Ploderer, and Margot Brereton 

(Capel et al., 2020) invited four women to a series of workshops to make wooden quilts. 

The authors found that the material interaction scaffolded the women to reflect on their 

lives and share stories materialized in the object produced.  

Learning 

Central to making is the concept of tinkering. Tinkering is an iterative material process 

of experimenting, trying out ideas, reassessing goals, refining, and imagining new 

possibilities (Resnick, 2017, p. 135). Tinkering is also a form of material learning 

associated with makerspaces connecting back to Seymour Papert's idea of constructionist 

learning  (Blikstein, 2014, 2018; Halverson & Sheridan, 2014). Constructionism (not to 

confuse with constructivism) is a material, embodied, and playful form of learning 

connecting the construction of physical objects with the construction of mental structures 

(Papert & Harel, 1991). MIT researchers have devised tools, such as the Logo 

programming language, Lego Mindstorms, and Scratch programming, that underscore the 

constructionist philosophy (Halverson & Sheridan, 2014). In common, constructionist 

toolkits seek to reduce technical complexity, provide immediate material feedback, and 

add an open environment that encourages creative explorations to make computation 

easier to access.  

Eva-Sophie Katterfeldt, Nadine Dittert, and Heidi Schelhowe (Katterfeldt et al., 2015) 

study children’s use of electronics toolkits in 40 workshops. The authors argue that 

toolkits support children’s learning by making abstract concepts tangible, encouraging 

creative exploration based on the material interaction, and motivating self-efficacy. 

Arguably, making can support Bildung (Iversen et al., 2016; Katterfeldt et al., 2015), 

which is a deep and sustained form of learning connected to identity-making (Katterfeldt 

et al., 2015). 

Other educational research focuses on project-based learning (Blikstein, 2014; Resnick, 

2017). For instance, Paulo Blikstein (Blikstein 2014) reports that the collaboration 

between a FabLab and a history class supports interdisciplinary learning and 

contextualizing STEM knowledge. Also, Blikstein shows that making is not 

unproblematic and describes the myriad of unanticipated physical and mathematic 

challenges projects encounter. Such ongoing problem-solving is frustrating but also a 

motivating factor for learning.  
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Although makerspaces motivate interest in and learning STEM disciplines (Blikstein, 

2014; Chu et al., 2017; Tisza et al., 2020), recent scholarship promotes broader 

computational literacies. Berland (Berland, 2016) describes computational thinking as a 

combination of social, material, and cognitive literacies to deal with computing. That 

entails the material skills to devise solutions, the social and collaborative skills to identify 

and analyze relevant problems, and the cognitive skills to reflect on the broader 

implications of technology. On a similar note, the computational empowerment agenda 

(Iversen et al., 2018a) promotes the social and material skills to be creative with 

technology, understand the implications of digitization of societal domains, and reflect 

on the role of technology in everyday life. Making and designing, in that sense, becomes 

a scaffold to stimulate childrens’ critical reflection.  

Feeling of empowerment 

The educational research helps conceptualize making as a learning process but is 

incomprehensive to understand the meanings makers associate with their practices in 

library makerspaces. Though some makerspaces in public libraries collaborate with 

schools, many makerspace activities are discretionary and self-motivated, resembling the 

workshop-based (Dreessen & Schepers, 2018; Pienimäki et al., 2021) or user-run 

activities (Taylor et al., 2016; Toombs et al., 2015) in hackerspaces and FabLabs.  

Aside from the social and communal aspects discussed in the following section, research 

on making as an everyday practice highlights learning, pleasure, and connectedness 

experienced in the process (Davies, 2017; Gauntlett, 2018; Sennett, 2008). Sarah Davies 

interviews hackers across the U.S. and argues for the empowering aspects of making 

(Davies, 2017). In contrast to political motives associated with the hacker culture (e.g., 

Levy, 1984), Davies argues that making is serious leisure. This long-term material 

engagement entails taking on challenges, gradually accumulating skills, and taking pride 

in the work. Also, tinkering, experimenting, and acting are considered part of a ‘just do it 

attitude empowering in a world where “[..] it’s easy to feel powerless” (Davies, 2017, p. 

22). On a similar note, Gauntlett considers making a process of making people feel ‘alive’ 

as active participants in the world (Gauntlett, 2018). Though Gauntlett stresses the 

intrinsic qualities of joy and pleasure as key motivators, being recognized and ‘making a 

mark’ in the world are also motivating factors contributing to the material becoming 

social. 
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The past research shows that the maker movement, on the individual level, supports the 

democratization of expression, learning, and feeling of empowerment. However, studies 

on makers’ experiences and meaning-making primarily relate to the makerspace (Taylor 

et al., 2016; Toombs et al., 2015) or the virtual platforms for sharing (Gauntlett, 2018; 

Kuznetsov & Paulos, 2010; Tseng & Resnick, 2014). Everyday practices are also about 

the transcendence of practice across multiple contexts (Bakardjieva, 2011; Bødker, 2006). 

By following maker projects, this research also details ways makers' practices associated 

with and contribute to everyday life situations beyond the makerspace.  

Mediation of social relations 

Practice theories consider individual and social practices as interconnected. Kari Kuutti 

describes activity theory as a framework to understand "human practices as development 

processes, both individual and social levels interlinked at the same time" (Kuutti, 1996). 

Activity theory roots in Lev Vygotsky's (Vygotsky et al., 1980) constructivist ideas of 

learning, arguing that tools mediate the interrelationship between individuals and their 

surroundings. In this view, individuals have motives, needs, and desires and rely on a 

history of interactions. Individuals interact with their surroundings to achieve material or 

conceptual objects, but their actions are always mediated by tools that condition and affect 

the outcome (Jonassen & Rohrer-Murphy, 1999; Kuutti, 1996). Tools can be abstract, 

such as language, body gestures, and facial expressions, or as concrete as a hammer, 

PowerPoint slides, digital fabrication tools, or written text on digital media platforms. 

The important aspect of mediation is that the tool enables interaction between the 

individual and the social while simultaneously conditioning it. As the prior section 

uncovered research on making from the individuals’ points of view, the following 

uncovers the research on the social aspects in makerspaces mediated by tools, materials, 

and spatial design. 

Scholars and advocates of the maker movement highlight the social qualities in 

makerspaces that are mediated on at least three levels, including the virtual communities 

mediated by platforms for sharing (Bennett et al., 2016; Oehlberg et al., 2015; Tseng & 

Resnick, 2014), the situated communities mediated by the makerspaces (Koh et al., 2019; 

Taylor et al., 2016; Toombs, 2015), and the situated small-group collaboration mediated 

by tools and materials (Hui & Gerber, 2017; Roque, 2016).  
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Sharing 

Although this research is mainly about the practices of makers and staff, the impact of 

digital technologies on the maker movements should not be underestimated. Pioneering 

tools of physical computing and digital fabrication are initiated as open-source hardware 

and pursue the intersection between the digital and physical world (Green et al., 2019). 

Even though many of the pioneers have restricted access to become commercially 

competitive (Cuartielles, 2014), online platforms like Thingiverse (Oehlberg et al., 2015), 

Instructables (Kuznetsov & Paulos, 2010; Tseng & Resnick, 2014), YouTube (Gauntlett, 

2018) among many other platforms support the sharing of project documentation, how-

to guides, 2D or 3D models, and provide a place to discuss projects and challenges. The 

vast amount of information online provides practical information for makers' problem-

solving and displays the diverse creative possibilities for making (Gauntlett, 2018). 

Community 

The situated community in makerspaces is, by several scholars, considered a 'community 

of practice' (Halverson & Sheridan, 2014; Koh et al., 2019; Rafalow, 2016). Communities 

of practice (CoP) is a practice-based theory for learning that comprises "groups of people 

who share a concern or a passion for something they do and learn to be as they interact 

regularly" (Wenger, 2011). The group shares a common domain interest and similar 

practices and meets regularly to share experiences and perspectives. By gathering around 

the interest in tools or projects in makerspaces, makers can learn from each other by 

informally discussing their problems, passing on advice, sharing materials, and 

demonstrating ideas (Koh et al., 2019). Also, the community support participants in 

developing a close relationship with other participants (Li & Todd, 2019) and with the 

space. Nick Taylor, Ursula Hurley, and Philip Connolly examine the communal aspects 

of 'men's sheds' and argue that participants consider these makerspaces as 'third spaces' 

in-between home and work. Makerspaces differ from work as they are voluntary and 

informal. For the participants, it is a place for productive leisure, learning, and 

development that all add to personal well-being (Taylor et al., 2016). On a similar note, 

Austin Toombs, Shaowen Bardzell, and Jeffrey Bardzell (Toombs et al., 2015) stress that 

despite the 'neoliberal ethos' in hackerspaces, makers enact care for one another and the 

space that ultimately adds meaning to the participation. 
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Collaboration 

Researchers have produced a substantial body of research about making from the 

individual makers’ perspective (Ananthanarayan et al., 2014; Devendorf et al., 2016; 

Devendorf & Ryokai, 2015; Jackson et al., 2014; Landwehr Sydow et al., 2020; Tseng & 

Resnick, 2016) and the communal and cultural perspective (Bardzell et al., 2014; Bardzell 

et al., 2017; Green & Kirk, 2018; Lindtner et al., 2015, 2016; Smit & Fuchsberger, 2020; 

Tanenbaum et al., 2013; Toombs et al., 2015). However, collaboration, which is 

considered an integral part of the maker culture (Dougherty, 2016; Hatch, 2014), is often 

assumed as part of the informal sharing among community participants, while project-

based collaboration around the tools in the makerspace is a less researched topic. 

Nonetheless, exceptions are found in studies that, for instance, have examined 

intergenerational collaboration (Barma et al., 2017; Jones et al., 2019; Roque, 2016; 

Sadka et al., 2018) and project-based learning (Blikstein, 2014; Iivari & Kinnula, 2018). 

The research on collaboration highlights the functional and aesthetical negotiations in the 

design process, the diverse roles actors take during projects (Sadka & Zuckerman, 2017), 

the emotional support team members can provide to overcome frustrations and obstacles 

(Blikstein, 2014), and the use of materials to mediate ideas (Iivari & Kinnula, 2018). Also, 

Roque (Roque, 2016) developed the program ‘Meet, eat, make, share’ in which families 

collaborated around maker kits. Making, in this context, becomes a social activity 

connecting parent and child through tools and materials scaffolding a shared reflection 

on technology. 

Social and material constraints 

So far, in this chapter, the enabling aspects of individual and social practices in 

makerspaces have been explicated. However, practice theory also entails a critical gaze 

on how everyday practices produce or reproduce power structures manifested in social 

and material systems (Giddens, 1984; Lefebvre, 1991; Orlikowski, 1992). Wanda 

Orlikowski (1992) introduced Anthony Giddens’ structuration theory to information 

systems three decades ago. Orlikowski (1992) demonstrates the multifaceted nature of 

technology as a product and medium of human action, yet mirroring organizational 

structures of "signification, domination, and legitimation" (p. 411). In this view, the 

everyday use or resistance of technology can support or legitimize the agendas 

intertwined with it.  
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Similarly, critical scholar Henri Lefebvre (Lefebvre, 1991) conceptualizes spaces as 

products of a triad of forces comprising representations of spaces, spatial practices, and 

representational spaces. Representations of spaces are the abstraction (or planning) of 

spaces by professionals, architects, and scientists. These include the material layout of 

the space, the anticipated use of the space, and the goals intertwined in it. Spatial practices 

are, in contrast, the everyday use of the space, which in a makerspace translates to the 

people participating, their use of tools, and interactions between them. Finally, 

representational space includes the symbolic systems that inform what people think of 

the space. Considering the triadic production of spaces, the following describes two 

challenges associated with the maker movement; the gap between ideals and practices 

and spatial practices and diversity.  

Ideals and practices 

By implementing a makerspace, libraries tap into the discourses of the maker movement. 

Advocates of the maker movement argue for revolutionary potentials in manufacturing 

(Gershenfeld, 2012), entrepreneurship (Anderson, 2012), and learning (Dougherty, 

2016). Several studies, however, critically assess discourses of the movement. Authors 

like Andreas Hepp (Hepp, 2018), for instance, describe MAKE:Magazine and 

MakerFaire as discourse-producing franchises portraying making as “’stylish’, 

‘innovative’ and ‘countercultural” (Hepp, 2018, pp. 15, citation marks in original). David 

Cuartielles (Cuartielles, 2014), a co-founder of the Arduino project, poetically discusses 

the commercialization of the open-source hardware movement from an insider's 

perspective. Cuartielles (Cuartielles, 2014) describes that MakerBot, LittleBits, RepRap, 

and 3D robotics all took an open source starting point but gradually made decisions that 

closed down access and integrated with more traditional commercial structures. Silvia 

Lindtner, Shaowen Bardzell, and Jeffrey Bardzell (Lindtner et al., 2016) appoint a critique 

of the maker movement that, in their view, articulates a western-centric and 

technosolutionist ideal intertwined in commercial structures (e.g., commercial companies 

selling equipment and components).  

None of the mentioned studies seek to discredit the maker movement. Rather, these 

studies help moderating expectations to the maker movement. This is important because, 

in the mundane everyday practice, makers experience that tools are prone to error 

(Landwehr Sydow et al., 2020), difficult to debug (Booth et al., 2016; Kim et al., 2019), 
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and even skilled professionals struggle to achieve quality results with means in the 

makerspace (Yildirim et al., 2020). Also, makerspace staff are concerned with 

participation (Moorefield-Lang, 2018), and users tend to consider making as a more 

recreative practice than countercultural (Davies, 2017). Also, users incline to make simple 

objects instead of advanced projects (Blikstein, 2014). In other words, the ideals of the 

maker movement can be far from the actual everyday practices adding to the relevance 

of understanding how the aspirations of learning, empowerment, democratization, and 

community-building unfold in particular situations affected by social and cultural 

circumstances.  

Spatial practices and diversity 

Making, as conceived in HCI, entails many types of creative material practices, including 

DIY and handicrafts (Capel et al., 2020; Rosner & Bean, 2009), filmmaking (Green, 

Schofield, et al., 2017), electronics repair (Jackson et al., 2014), and e-textiles (Buechley 

& Hill, 2010). Nonetheless, several authors argue that makerspaces tend to stress the 

technical practices such as robotics, electronics, fabrication, and computer programming 

that tend to attract a narrow population of tech-savvy men (Eckhardt et al., 2021; Lewis, 

2015; Smit & Fuchsberger, 2020). Issue of diversity can be appointed to multiple social 

and cultural factors, including historical representation of technology and technology 

development (Bjørn & Menendez-Blanco, 2019; Vossoughi et al., 2016), the cultural 

connotations associated with technical and material tasks (Eckhardt et al., 2021), the 

emphasis on technology instead of creativity or design makerspaces (Dreessen & 

Schepers, 2018; Lewis, 2015), and community composition (Smit & Fuchsberger, 2020).  

The representation of appropriate practices is entangled with the social and material 

configuration in makerspaces. Menedez-Blanco and Bjørn (Menendez-Blanco & Bjørn, 

2019) find that makerspaces communication on social media subtly delimits the identity 

of the makerspace and what it means to be a legitimate member in it. Within the 

makerspace community, Smit and Fuchsberger (Smit & Fuchsberger, 2020) describe the 

challenge of inclusion as a double-edged sword. Makerspaces provide support and 

establish bonds between those participating, thereby supporting participants to take 

ownership and turn it into a meaningful place. At the same time, the close-knit community 

can be exclusive and difficult for outsiders to enter. 
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Multiple studies have sought to alter participation in making through design of tools, 

spaces, and activities. Leah Buechley and Benjamin (2010) in a study of the Lilypad 

community that using crafts as an entry point to computing attracts significantly more 

female makers than the Arduino community. Sarah Fox, Rachel Ulgado, and Daniela 

Rosner (2015) conducted an ethnographic study of a feminist hackerspace. The feminist 

hackerspace is designed in contrast to male-dominated hackerspaces in which some 

women have experienced direct harassment. The feminist hackerspace primarily, but not 

exclusively, consists of women that gather around a sensitive, inclusive, and explicitly 

stated code of conduct and invite craft practices beyond digital tools, including knitting, 

crocheting, and fiber-arts (Fox et al., 2015). Katrien Dreessen and Selina Schepers (2018) 

propose three strategies to reduce barriers for non-experts to enter FabLabs: open-door 

policies, short-term workshops, and long-term communal engagement. At the same time 

other studies seek to identify marginalized groups such as at-risk girls (Kuznetsov et al., 

2011), traditional tribes (Jacobs & Zoran, 2015), or disabled users (Brady et al., 2014) 

and appropriate activities to meet the needs of the groups. In the study of at-risk girls 

(Kuznetsov et al., 2011), the authors develop activities combining crafts and physical 

computing and find that making can contribute to the girls taking ownership and feeling 

empowered in the process. However, recruiting participants and sustaining their 

participation is a challenge when involving underrepresented groups (Capel et al., 2020; 

Kuznetsov et al., 2011). 

Though the maker movement is about democratization of technologies to make "(almost) 

anything" (Gershenfeld, 2012), the research on spaces, activities, and tools reveals that 

makerspace is not neutral and equally inclusive for anyone. Instead, users social practices 

and the material arrangements in the makerspace, including spatial layout, the code of 

conduct, tools, and spatial practices, signal what behavior is appropriate and ‘in place’ 

(Harrison & Dourish, 1996) in the particular makerspace.  

To recap, the practice perspective supports both nuancing approaches to arrange spaces 

and activities, the connection between makerspaces and makers’ lives, and social 

interaction spaces and tools mediate. Through studies of diverse makers, makerspaces, 

and maker activities this research uncovers how values the maker movement unfolds and 

contribute in everyday practices but also the short-comings in relation to learning, 

diversity, and institutional integration.   
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Methodology 

The initial working title of this dissertation was “Participation and learning in public 

libraries”, and the project was conceived to uncover the library's potential as a place to 

stimulate learning and reflection on technology. At the same time, in 2018, makerspaces 

were a trending phenomenon among libraries encapsulating the potential of the 

performative library to connect with citizens, stimulate learning, and contribute to the 

local community. Makerspaces in libraries were also selected as a case because it also 

displays the complexities of implementing technologies fueled by expectations of change 

in a historical public institution. That motivates the interest in understanding how 

makerspaces unfold in practice. 

Specifically, by a research design comprising four complementary qualitative studies 

involving library makerspace staff and users, this research addresses (1) how do libraries 

arrange makerspace activities, (2) how do material practices connect to makers’ everyday 

lives, and (3) how do makerspaces mediate social relations? This section contributes a 

methodological discussion of the practical and conceptual connections between the 

studies, the reasoning for recruitment and methods selection, and the ethical 

considerations. The methodological discussion complements descriptions of the practical 

application of methods presented in the six articles.  

Qualitative research design 

Qualitative inquiry is a form of research contributing rich descriptions of human meaning-

making, behavior, and experiences situated in particular material and cultural contexts 

(Patton, 2015, p. 13). Qualitative inquiry is characterized by the qualitative researcher 

being the instrument of data collection and analysis. That provides flexibility to adapt and 

adjust the research design if needed when new insights, opportunities, or unexpected 

situations emerge (Patton, 2015). In this research, the emergent flexibility was used to 

pursue emergent themes in the interview situation, follow informative practices in the 

field, and adjust plans as consequence of unexpected situations, such as the covid-19 

pandemic. Yet, all adjustments were guided by the thematic research question, and has 

resulted in four complementary empirical studies (see Table 1). The studies build on a 
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multimethod design, comprising semi-structured interviews (Lazar et al., 2017), 

participant observations (Blomberg et al., 1993), and video interaction analysis (Heath et 

al., 2010) involving diverse makerspace users and staff. Thus, the multimethod design 

enables both triangulation of results and viewing library makerspaces from diverse 

perspectives.  

Study Objective Participants Method Results 

1 Practices of organizing 

makerspace activities 

and spaces 

Library makerspace 

staff (n=18) 

Semi-structured 

interviews (n=14) 

Article 1-2 

2 Social and communal 

practices of makers in 

informal conditions 

Staff and members in 

Vordingborg Library 

Makerspace 

Participant 

observations (25h) 

Article 5 

3 Makers projects in 

everyday life. 

Self-driven library 

makerspace users 

(n=13) 

Semi-structured 

virtual interview 

(n=13) 

Article 3-4 

4 Embodied social and 

collaborative practices 

in non-formal 

conditions 

Fathers (n=2), children 

(n=2), and a community 

organizer (n=1) 

Video recordings 

(10h) 

Article 6 

Table 1. Overview of empirical studies 

Study 1 

The first empirical study (Study 1) aimed to understand how makerspace activities are 

organized by the library.  Semi-structured interviews with staff members (n=18) across 

fourteen library makerspaces were conducted. The interview guide was informed by 

Engeströms' (Engeström, 2015) model of activity systems that translated into questions 

about activities, users, communities, objectives, and tensions. 

The results of Study 1 shaped the remaining studies practically and conceptually. 

Conceptually, a key finding of the first study is that library makerspaces support several 

kinds of activities, including formal, non-formal, and informal activities that condition 

makers’ participation (Article 1). Hence, practices in makerspaces are multifold and serve 

a variety of purposes, informing the later studies to distinguish between informal 

communal activities (Study 2), informal self-driven activities (Study 3), and non-formal 

social activities (Study 4) to address them in-depth. On the practical side, the first study 

provided background to select appropriate makerspaces to study in-depth (Study 2; Study 

4) and contact points to recruit makers’ (Study 3). 



 

 

30 

Study 2 

The second empirical study aimed to uncover the social and communal practices in library 

makerspaces to elaborate on the informal communal activities found in Study 1. The 

relevance of pursuing the communal aspect was twofold. First, research on makerspaces 

emphasizes informal social and collaborative practices (Halverson & Sheridan, 2014; Hui 

& Gerber, 2017; Taylor et al., 2016; Toombs, 2015). Second, Study 1 found that several 

library makerspaces struggle to attract and sustain communities while simultaneously 

describing the challenge of balancing the participation of makerspace members and new 

users (Article 2). Therefore, the aim of Study 2 was to conduct a case study (Yin, 2003) 

of the practices in a well-functioning makerspace community. 

From September to December 2019, I regularly participated in Vordingborg Library 

Makerspace during their community hours on Tuesday nights, resulting in a total of 25 

hours of observation. In parts of the observation, I acted as the traditional ‘fly on the wall,’ 

taking notes about individual projects, group interactions, use of tools, and movements in 

the space. Other times, I participated actively (Blomberg et al., 1993) by talking with 

users, participating in workshops, and attending social activities and field trips. 

Study 2 displayed the situated collaborations, exchanges of information and stuff, social 

interactions among participants, and the willingness of the community to contribute to 

the makerspace. Also, the findings suggest that participation often takes an individual 

starting point, projects span more prolonged periods, and project work is conducted in 

several places outside the makerspace. These were aspects challenging to cover by 

observations situated in the makerspace motivating Study 3. The case reported in Article 

5 includes data about users in Vordingborg collected in Study 2 and Study 3. 

Study 3 

The initial plan was to focus on the situated practices of makers’ after Study 1 was 

completed. However, because covid-19 restrictions constrained fieldwork to be 

conducted on-site, Study 3 was designed to address the connection between library 

makerspaces and makers’ everyday lives. Diverse users that had completed projects in 

the makerspace were recruited for semi-structured interviews (Lazar et al., 2017) 

conducted virtually. Mediated by a spreadsheet shared on-screen, recently completed 

maker projects were reconstructed. The reconstruction included breaking down the 

project into tasks displayed in sequential order and, for each task, registering the context 
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it was performed in, the information sought, the emotions experienced, and the challenges 

encountered. The interviews contributed key insights into makers’ information behavior 

during projects (Article 3), diversity in makers’ practices, and the meanings making 

contributes inside and outside the makerspace (Article 4). 

Study 4 

Complementing the informal community-driven (Study 2) and informal self-driven 

activities of makers (Study 3), Study 4 elaborates on semi-structured non-formal activities 

(Study 1; Article 1). The motives for Study 4 were to address the embodied and situated 

aspects of collaboration in non-formal makerspace activities and elaborate on the ways 

that tools and materials contribute to mediating a meaningful social relation.  

The selected site for the study was The Creators’ Space in Tingbjerg – a social 

neighborhood on the outskirts of Copenhagen. In collaboration with the coordinator in 

The Creator’s Space, three workshops for the community organization ‘Baba – Because 

fathers’ matter’ were set up. Baba is a non-governmental social program and local 

community group promoting attentive fatherhood among ethnic minority fathers (Baba, 

n.d.). As the fathers involved in Baba meet regularly to discuss and reflect on fatherhood, 

it was decided that The Creators’ Space could offer a place for fathers and their children 

to collaborate around materials in the makerspace. 

The workshops were designed to combine creative materials and computational tools. 

Video cameras were set up to capture fine-grained data on the father-child interactions in 

a collaborative situation. Despite that only two of three father-child pairs consented to be 

videorecorded, the study gathered 10 hours of rich video material contributing insights 

into the subtle ways that tools and materials afford improvisation and mediate division of 

work and articulation of ideas (Article 6). Also, the study displays a meaningful 

integration of a library makerspace in its local community and the complexities of 

extending participation to new groups.  

Sampling strategies 

Participant selection 

Participants selected for the two interview studies (Study 1; Study 3) were chosen by 

purposive sampling to achieve a variation of perspectives. Variation sampling is useful 
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to understand diversity of practices and identify common patterns (Patton, 2015, p. 267). 

In both studies variation was further pursued by gathering information on users and 

makerspaces were gathered to make informed decisions in the recruitment process, define 

characteristics likely to affect practices, and contact participants in a prioritized order. 

Although variation was constrained by non-responses and declines to participate, the 

pursuit of variation contribute diverse perspective nuancing the understanding of 

practices in makerspaces.   

For the first study, focusing on staffs’ practices of organizing spaces and facilitating 

activities, makerspaces were selected based on a generated list of Danish library 

makerspaces on the municipal level and information on their webpages. Assuming that 

makerspaces are impacted by their surrounding community, the dominating selection 

criterion was geographical location, including variation in regions in Denmark and 

municipality type (urban, rural, intermediate). Secondary criteria included variation in the 

type of the makerspace (pop-up, single-room, or multiple-room makerspace) based on 

information displayed online. In total, eighteen makerspaces were contacted. Three of 

them declined to participate due to their makerspace not being operational. One 

makerspace was excluded after the completing interview because the makerspace was a 

test program later discontinued by the library. The excluded interview contributed 

insightful reflection on the challenges of initiating a makerspace but not practices of 

arranging activities and organizing makerspaces. In the invitation, it was stated that the 

interviews concerned practices of organizing and facilitating activities. Therefore, the 

staff interviewed were mainly coordinators and facilitators with direct experience in the 

makerspace supplemented by managerial staff in two of the interviews. An overview of 

the fourteen participating makerspaces and staff interviewed can be found in Article 1 

(Appendix A, p. 7).  

Study 3 also sought variation in the population of library makerspace users conducting 

self-driven projects in the makerspace. In collaboration with library makerspaces in 

Vordingborg, Ballerup, Herning, Guldborgsund, and Silkeborg a survey was distributed 

their local makerspace communities on Facebook. The survey included questions about 

users’ demographic characteristics, expertise level, use patterns, motivations, barriers, 

and affiliations to makerspace and library. Also, the survey was concluded with a request 

on whether the participant would be willing to participate in a follow-up interview. Of 

the eighty-seven makers that completed the survey, thirteen were recruited for follow-up 
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interviews. Variation was considered in relation to use patterns and motivations to 

participate. Also, including both men and women was important to avoid portraying 

making only as a masculine culture (Eckhardt et al., 2021). In the invitation, it was 

articulated that the interview would center around a specific project. Hence, having 

completed a maker project (independent of complexity) affiliated to the makerspace was 

the inclusion criterion.  

Case selection 

Study 2 and Study 4 qualify as case studies that is “an in-depth study of a specific instance 

(or a small number of instances) within a specific real-life context” (Lazar et al., 2017). 

The selection of the two cases was theoretically informed (Lazar et al., 2017; Yin, 1981) 

to detail dimensions (informal communal activities and non-formal activities) in the 

activity framework resulting from Study 1 (Article 1). 

Study 2 aimed to elaborate on the social and communal aspects (Taylor et al., 2016; 

Toombs et al., 2015) in informal communal library makerspace activities. Vordingborg 

library makerspace was selected for its reputation among libraries for its well-functioning 

library makerspace community. The makerspace differs notably from other library 

makerspaces because it was initiated in a citizen-driven process by a community of users 

and local stakeholders that has sustained their engagement for over four years. Also, staff 

considers themselves servants of the community while the community is encouraged to 

take ownership. 

The Creators’ Space in Tingbjerg Library and Culture House was chosen to elaborate on 

the social and collaborative aspects of in non-formal activities (Article 1) in Study 4. The 

Creators’ Space was chosen for three main reasons: First, it is in direct connection to the 

local schools. Therefore, the makerspace specializes in non-formal activities for children 

as an after-school offer. Second, the Creators’ Space is equipped with tools and materials, 

like electronics toolkits, sewing machines, power tools fabric, and waste materials used 

providing entry points for people interest in handicrafts and DiY-practices. Third, the 

makerspace has a dedicated goal of including diverse community actors encourages 

collaborations like the one conducted with the Baba organization (Article 6).  

Though the cases were selected to elaborate on informal and non-formal activities, the 

makerspaces display two successful but different approaches to scaffolding activities in 

makerspaces. Vordingborg Library Makerspace situated in a medium-sized city in 
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Denmark comprising an extensive repertoire of tools for physical computing and digital 

fabrication. Hence, activity in the makerspace is mainly informal project-based or 

community-run activities. In activities users provide each other technical support whereas 

staff mainly serve the community by caretaking for the space, serving coffee, and 

organizing meetings. The Creators’ Space is situated in Tingbjerg which is a social 

neighborhood in the outskirt of Copenhagen. It offers access to a single 3D-printer but 

mainly support creative activities using creative materials at hand combined with toolkits 

(Meissner et al., 2018). The staff is central to facilitating the activity and supporting users 

in the process. 

Implications of selection of cases and participants 

In sum, the research adds diverse voices from makerspace staff, users, community 

members, and workshop participants to the discussion on makerspaces. Other 

stakeholders could have been included more systematically, such as library management 

and local municipal organizations. However, the selected participants were chosen due to 

their direct experiences in library makerspaces. Also, most library makerspace staff’ are 

aware of the agendas their makerspaces contribute to due to their position in-between the 

library and the makerspace users. Also, case studies of school collaborations would have 

been relevant to detail the formal activities in library makerspaces. However, as this 

research is about public libraries, non-formal and informal recreational activities were 

prioritized. 

Selection of methods 

Ontologically, practice theories view the individual, material, and social levels as 

mutually constitutive. This perspective enables to understand the ways practices are 

shaped by a combination of social and material configurations, historically produced 

institutional expectations, and individuals’ everyday practices. However, the multilevel 

approach is also described as an “extraordinary challenge” ((Miettinen et al., 2009) in 

(Kuutti & Bannon, 2014)) as it opens up a broad scope of possibilities. Specifically, in 

this research, the challenge concerns finding an appropriate balance between breadth 

(e.g., variations and span across domains) and depth (situated and in-detail observations) 

in practices.  
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Observed practices 

In practice research, long-term ethnographic studies are encouraged (Kuutti & Bannon, 

2014) in order to understand how activities emerge and transform in practice. Jeanette 

Blomberg (Blomberg et al., 1993) argues that the guiding principles for ethnography are 

to describe human behavior as holistically situated in natural conditions and from 

members' point of view. Researchers might conduct observations, record videos, and 

interview people on-site over a period contributing to characterizing practices, designing 

new ones, and integrating technology development (Blomberg et al., 1993). Ethnographic 

fieldwork also has a prolonged nature as the researcher needs to time make sense of the 

connection between members' actions and the contexts the action is situated in (Randall 

et al., 2007). 

Study 2 and Study 4 are inspired by the ethnographic tradition but in different ways. Study 

2 comprises participant observations registering makers’ behavior in the ‘natural’ 

condition in the makerspace. Observations were both as a ‘fly on the wall’ noting users, 

their projects, and their interactions with one another and with tools. Other times, 

observations were through active participation in workshops and events providing direct 

experiences and taking on the users’ perspective (Blomberg et al., 1993).  

Study 4 was also about the situated practices the makerspace, but the setting was less 

natural. I participated more actively by conducing meetings work Baba organizers, 

facilitating an initial workshop for Baba fathers, and taking part in organizing and 

facilitating the father-child workshops in collaboration with the Creators Space. Also, 

during the workshops, the father-child pairs had cameras facing them. Compromising the 

‘natural’ conditions, however, enabled both staging making as a collaborative activity 

and capture fine-grained video materials on the topic. Video interaction analysis is 

especially useful to understand “taken-for-granted complexities of social interactions” 

(Heath et al., 2010, p. 13) through analysis of verbal and non-verbal social interaction and 

the use of tools to mediate the interaction.  

Observations provide valuable and direct insights into how practices unfold in specific 

social and material circumstances. Nonetheless, both participant observations and video 

interaction analysis are complicated due to the vast analytic possibilities (Heath et al., 

2010; Patton, 2015). Also, the on-site observations were limited because the makerspace 
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becomes the center of activity. For makers’, the makerspace is a central venue to interact 

with people and materials, but activities can extend the makerspace (Gauntlett, 2018).  

Self-reported practices 

In this research, interviews complemented observational data by adding detailed 

descriptions of staffs’ and users’ experiences and capturing data about otherwise 

inaccessible situations. Concretely, staff interviews provided insights into activities in 

and organization of makerspaces in libraries across Denmark. The user interviews 

provided detailed accounts of the meanings that makers associate with their practices and 

how projects are conducted in and contribute to domains in everyday life beyond the 

makerspace. 

In contrast to observations, interviews are decontextualized and rely on participants' 

abilities to recall events (Lazar et al., 2017). Of course, participants can be dishonest or 

unwilling to disclose details, but often knowledge tacitly resides in the particular situation 

of use (Polanyi & Sen, 2009), hindering explication. Also, interviewees can speak 

ambiguously, blurring the boundaries between values, goals, and actual practices.  

Both interview studies were concerned with meaning-making but also situating the 

meanings in concrete situations. Eleven of the fourteen staff interviews took place in the 

makerspace, adding a sense of the possibilities in the makerspace and enabling the staff 

to refer to tools, materials, or spatial configurations. Therefore, when staff members made 

vague statements about the objectives, challenges, or makerspace contributions, they 

were asked to exemplify concrete activities or situations. Also, when analyzing the 

results, distinctions between actual practices, objectives, and challenges were made. 

The motive for the user interviews was to gain detailed descriptions of projects spanning 

several places and the more tacit information interactions situated connected to specific 

tasks. To support participants in recalling details of their projects, they were asked to 

select a recent project that was collaboratively reconstructed in the interview situation. 

The reconstruction was materialized in an excel spreadsheet virtually screen shared with 

participants. The sheet included mapping tasks of the project in temporal order, the 

context in which the task is performed, the information sought during the task, the 

emotions experienced, and the challenges encountered (See Appendix A, p. 76). During 

the conversation, the interviewer filled the spreadsheet and shared it on-screen with the 

nine users participating on Zoom and Microsoft Teams. The break-down exercise 
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contributed a visual overview that helped participants recall details and supported the 

interviewer to probe into inconsistencies or gaps in the overview. Also, the detailed 

practices exemplified in the projects provided validation of the motivations and values 

described by the users in the first part of the interview. 

Other methods, such as diaries (Blandford et al., 2016), cultural probes (Gaver et al., 

1999), and even direct observations (Wakkary & Maestri, 2008) can provide insightful 

data on the tacit and routine aspects embedded in everyday life. Yet, independent of 

methods, it is a challenge to gain naturalistic data on everyday practices as observations 

in the everyday are intrusive, and diaries and cultural probes also rely on self-reported 

practices and require a substantial commitment of participants. Interviews were 

considered the least intrusive to provide rich information on making in everyday life.   

Ethical considerations 

There are a few ethical considerations worth addressing. All research projects were 

formally approved by the institutional review board in prior to data collection. All 

interviews were conducted with informed consent from participants. The informed 

consent specified; 

• Purpose of research 

• Practices for gathering, storing, and sharing data materials 

• Anonymization in research publications 

• The right to withdraw consent 

• Contact information to me 

For the staff interviews written consent was gathered. As the user interviews were 

conducted virtually, a consent letter was attached to the email invitation and verbally 

accepted in prior to the interview. For the father-child workshop, fathers provided the 

written consent on behalf of their child. In one case the child wished not be video 

recorded. The request was respected and any data material about this group was not 

included. During observation in Study 2, my work and objective was stated for 

participants, and during conversations, I repeated my aims. Additionally, the Facebook 

group of Vordingborg library makerspace was monitored as part of the research with 

consent from the library makerspace staff administering the group.  
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Article summaries 

This article-based dissertation builds on six research articles (Table 2). Five of six articles 

are published, whereas the last is in review. Full articles are attached as appendixes. Four 

of the articles are co-authored, and the co-author statements are also added as an 

appendix. This section recaps the motivations, research problems, and main findings in 

the articles aiming to introduce the articles and add context for the following sections for 

readers who have not read the articles.  

ID Title Author(s) Venue Publication 

status 

1 How is learning 

scaffolded in library 

makerspaces? 

Árni Már 

Einarsson, 

Morten Hertzum 

International Journal of 

Child-Computer 

Interaction 

Published 

2 Sustaining Library 

Makerspaces: 

Perspectives on 

participation, expertise, 

and embeddedness 

Árni Már 

Einarsson 

Library Quarterly Published 

3 How do makers obtain 

information for their 

makerspace projects?  

Árni Már 

Einarsson, 

Morten Hertzum 

Journal of the 

Association for 

Information Science 

and Technology 

Published 

4 Crafting, connecting, and 

commoning in everyday 

maker projects 

Árni Már 

Einarsson 

International Journal of 

Human-Computer 

Studies 

Published 

5 Me-to-we design: How 

can a makerspace nurture 

the building of a 

collaborative 

community? 

Árni Már 

Einarsson, 

Morten Hertzum 

INTERACT: The IFIP 

Conference on Human-

Computer Interaction 

Published 

6 Because fathers matter: 

How tools and materials 

mediate the collaboration 

between father and child 

in maker activities 

Árni Már 

Einarsson, 

Martin Krogh 

Submitted to Nordic 

Conference on Human-

Computer Interaction 

In review 

Table 2. Overview over articles 
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Article 1: Scaffolding 

The first article is co-authored by Morten Hertzum and, as the title denotes, asks the 

question “How is learning scaffolded in library makerspaces?” (Einarsson & Hertzum, 

2020). Despite makerspaces emphasis on openness and self-sufficiency, our motivation 

was also to uncover the productive aspects constraints can have. We argue that “too few 

constraints, the possibilities may be vast but the barriers to participation are high 

because [..] With too many constraints, the possibilities are too few, and user interest 

quickly dwindles.” (Einarsson & Hertzum, 2020, p. 1). ‘Scaffolding’ is an appropriate 

metaphor to address this tension because it considers the support provided to solve a 

problem, perform a task, or achieve a goal and removes the same support when the learner 

gains proficiency (Wood et al., 1976). Moreover, scaffolding can be ‘hard’ when 

inscribed into activity design and material selection or ‘soft’ when applied interpersonally 

and flexibly adapted to individual situations (Saye & Brush, 2002). At the core, 

scaffolding is conceived in the article as a technique to “structure human activity by 

supporting and guiding it, while at the same time configuring and disciplining it” 

(Orlikowski, 2006).  

Based interview with library makerspace staff gathered in Study 1, the results describe 

seven scaffolding approaches used to support formal tool-, topic-, and project-driven 

activities non-formal object- or tool-driven activities and informal self- or community-

driven activities (see Table 3. for overview). The descriptions inform the discussion of 

barriers regarding skill progression (Dreyfus & Dreyfus, 1986) and users’ ability to 

appropriate spaces (Lefebvre, 1991). The article argues that library makerspaces tend to 

provide pre-structured activities that scaffold beginner-level participation and 

unstructured activities for users proficient in devising projects and using machinery. Yet, 

few scaffolds are provided for the users’ in-betweens that are learning to become more 

self-sufficient in devising projects and instructing tools. This in-between is further 

complicated because it requires skills to detect a problem, choose the appropriate tool for 

the task, organize the project, and reflect on and communicate the vision (Hertzum, 2014). 

On the community level, it is argued that makerspaces must accept that it is a continual 

effort to balance community claims to the space against openness to newcomers. 
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Article 2: Sustaining Library Makerspaces 

The second article of this research is titled “Sustaining library makerspaces: Perspectives 

on participation, expertise, and embeddedness”. As a point of departure, the article argues 

that the novelty of makerspaces is fading, and research on makerspaces tend to highlight 

the transformative potentials makerspace can have in libraries. At the same time, few 

studies examine the practices of making the values endure and integrate with the library. 

Hence, I ask “how participation, expertise, and embeddedness in the library and the 

surrounding community are sustained in library makerspaces” (Einarsson, 2021, p. 173). 

The study relies on the interviews with library makerspace staffs’ practices collected in 

Study 1. Christian Dindler and Ole Iversen’s (Iversen & Dindler, 2014) ideal types of 

practices for sustaining participatory initiatives are applied to unfold staffs’ practices of 

maintaining, scaling, replicating, and evolving library makerspaces.  

The findings include descriptions of practices for maintaining and scaling the space (e.g., 

staffing models, tools, and expertise) and the practices of repeating, refining, and reusing 

activities. Also, the work put into promoting the makerspace internally and establishing 

new community partnerships are described. The study discusses the practice of sustaining 

library makerspaces as an act of balancing participation, expertise, and embeddedness 

distilled into three guiding principles (Einarsson, 2021, p. 186): 

• A sustainable makerspace balances the participation from diverse groups by prolonging use by 

existing users by caretaking and giving them opportunities to take ownership, offering activities 

for less experienced users and actively dedicating efforts to include underserved users in their 

communities.  

• A sustainable makerspace has the technical, facilitative, collaborative and organizational 

capabilities to deliver value cost-effectively. The makerspace learns by re-using and appropriating 

others' experiences and develops expertise by repeating, documenting and sharing their own 

practices. Practices can also be shared with a community of users. Yet, it is important for durability 

that the expertise also is integrated into the library organization.  

• A sustainable makerspace is a flexible structure that can evolve and adapt to accommodate diverse 

interests, needs and wishes from user communities and local partners. Though the makerspace 

changes fast, it must continuously evolve to adopt library values, practices and resources to 

become an integrated service in the long run.  

The principles do not act as a how-to-guide or a checklist but seek to support library 

makerspace staff in reflecting on practices to endure the values offered in the makerspace.    
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Article 3: Information Behaviour 

“How do makers obtain information for their makerspace projects” is the title and 

research question of the third article co-authored by Morten Hertzum (Einarsson & 

Hertzum, 2021). This article is motivated by the issue that making is a practice that 

includes experimentation, an aspect infrequently addressed in the information sciences. 

Hence, using directed content analysis (Hsieh & Shannon, 2005) of interview data 

gathered in Study 3, the article seeks to specify the use of documents, people, 

experimentation, and prior knowledge as information sources during maker projects and 

how the information sources relate to knowledge areas (Hertzum, 2014), stages in the 

creative process (Mace & Ward, 2002), and relevance criteria for selection (Fidel & 

Green, 2004).  

Our findings reveal that ‘people’ is the most frequently mentioned information source 

(41%1), followed by experimentation (25%), documents (18%), and prior knowledge 

(15%). People are a frequent source because they are easily accessible in makerspaces 

and add pleasure to the process. Experimentation is a primary source during the 

construction stages of the creative process, contributing to technical learnings and 

envisioning of the product. Also, the results depict three cases of users and their 

information interaction, informing a discussion of the main findings. These include 

experimentation as a prime source of information, ease and pleasure are dominating 

relevance criteria, process and situation receive little attention, and information sources 

vary across process stages.  

 

 

  

 

1 Percentages are calculated by the percentage distribution of the mentions of a specific 

information information source (e.g., people) in relation to all information sources coded in 

the individual interviews, and then, averaged across all interviews. Hence, avoiding that 

interviews explicating more information use weighing more.  
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Article 4: Everyday life  

In the fourth article, “Crafting, connecting, and commoning in everyday maker projects”. 

With departure in HCI studies addressing the everyday life as a setting for emergent and 

resource appropriations (Wakkary & Maestri, 2007), the motivation of this article is to 

understand “how people connect to social and societal institutions through practices of 

making in their everyday lives?”. The everyday perspective entails both the meanings and 

competences associated with the material practice of making (Shove et al., 2012) and how 

maker projects transcend and add meanings to domains in everyday life beyond the 

makerspace. 

Based on the data material collected in Study 3, three types of everyday maker practices 

are discovered and enriched by existing perspectives from the maker literature (Gauntlett, 

2018; Hillgren et al., 2016; Sennett, 2008): Crafting is an individual, immersive, and 

skillful maker practice appreciating personal space for making. Connecting is a creative 

practice of devising expressive projects using relatively simple techniques to enrich 

everyday situations. Commoning is a social practice of sharing resources and 

participating in a like-minded community centered around the makerspace. The results 

display diverse expectations users have to makerspaces and inform a discussion of makers 

agency and spatial practices, including approaches to appreciate the diversity. 
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Article 5: Me-to-we design  

The fifth article is a short paper titled “Me-to-we design: How can a makerspace nurture 

the building of a collaborative community”, presented at The IFIP Conference on Human-

Computer Interaction (INTERACT). The article is motivated by the makerspaces 

aspiration of fostering communal relations and collaborations (Hatch, 2014; Hui & 

Gerber, 2017; Toombs et al., 2015), but at the same time serving individual needs and 

ensuring possibilities for newcomers to enter (Dreessen & Schepers, 2018; Eckhardt et 

al., 2021). 

The article presents a case study of wellfunctional communal makerspace to address how 

can a makerspace nurture the building of a collaborative community? The case study 

builds on observational data from Study 2 and selected interviews from Study 3 that 

include users in Vordingborg. The data is analyzed by Nina Simon's (Simon, 2010) model 

of me-to-we design, stipulating five stages of participation accessed through personal 

entry points. Guided by Simon’s five-stage model, we depict individuals’ participation in 

workshops (Stage 1), individual interaction with tools (Stage 2), aggregated interactions 

online and in the space (Stage 3), collaboration around projects (Stage 4), and social 

interactions among community members (Stage 5). Reflecting the case on the existing 

research, we recommend six principles for establishing and sustaining collaborative 

communities. These include plan for transition between stages, help makers devise 

meaningful projects, encourage sharing and lightweight documentation, collaborate 

toward communal goals, and attend the social.   
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Article 6: Father-child interaction 

“Because fathers matter: How tools and materials in the makerspace mediate 

collaboration between father and child in maker activities” is the title of the sixth article 

currently in review for the Nordic Conference on Human-Computer Interaction 

(NordiCHI). The article aspires to deepen the understanding of makerspaces as places for 

meaningful social interaction and collaboration. Based on the concept of tool mediation 

(Kuutti, 1996) stemming from activity theory, the article explores “how tools and 

materials mediate the collaboration between father and child in the makerspace?” 

Relying on video interaction analysis (Heath et al., 2010) on the case-based data material 

gathered in Study 4, the article analyses the mediative role of computational tools and 

creative materials affect on participants' physical movements, division of labor, 

expression of ideas, improvisation, and social interactions. The findings inform a 

discussion arguing that creative materials afford improvisation and interdependent project 

work. At the same time, computational tools provide a directed vocabulary based on the 

materiality of the software, including fields, checkboxes, and predefined shapes. 

However, while creative materials afford improvisation, it was mostly fathers 

improvising, affecting alignment between participants. On the contrary, children were 

more active in the computational tasks.  

The quality of this research is in the detailed case-based descriptions of the embodied 

“taken-for-granted complexities of social interaction” (Heath et al., 2010). However, the 

results rely on 10 hours of video recordings of two father-child pairs collaborating across 

three workshops within the particular social circumstances of a library makerspace 

situated in a social neighborhood. These factors hinder generalization beyond this context 

but provide an example of a meaningful collaboration that makerspaces can support, 

hopefully inspiring further research on the embodied, situated, and materially mediated 

aspects detailing collaboration in makerspaces.   
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Discussion 

The six articles each provide a perspective addressing the thematic question of this 

research – how are makerspaces practiced in libraries? – contributing to the body of 

research on makerspaces in human-computer interaction and library information 

sciences. This discussion chapter highlights selected findings from the articles that 

contribute to answering the research questions and relates them to the existing research.  

The first section addresses the first research question How do libraries arrange 

makerspace activities? The first section is mainly based on staff interviews (Study 1) 

complemented with findings from the studies on users and communities (Study 2-4). The 

findings offer perspectives on staffs practices of organizing activities, obtaining expertise, 

and integration in the institution and local community, relevant for libraries and 

makerspaces in similar societal institutions, such as schools and museums. The second 

section addresses How do material practices connect to makers' everyday lives? The 

second section is primarily based on findings from the users' perspective (Study 3) 

complemented with insights from observations from studied activities in library 

makerspaces (Study2; Study 4). The section discusses the materiality of information in 

makerspaces, users’ competencies, meanings associated with making, and places for 

making. To library and information sciences, this research contributes perspectives on 

how libraries connect to people’s lives through a makerspace and the information 

behavior of makers stipulating experimentation as a prime information source. Relevant 

to human-computer interaction is the nuancing of meanings and competences associated 

with making. The third section addresses How do library makerspaces mediate social 

relations? This section is mainly based on observations of situated activities in the 

makerspace (Study 2; Study 4). The section first discusses the relationship between close-

knit communities and equity. This perspective is important as equity is a documented 

challenge in makerspaces and an institutional value of the library. After that, the role of 

tools and materials in mediating collaboration and social interaction is discussed.  
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Arrangement of activities 

A central element of contemporary concepts of the library is the redirection of focus from 

the collection toward users' activities and experiences (Hvenegaard Rasmussen, 2016; 

Jochumsen et al., 2017). This shift is reflected in library architecture (Worpole, 2013), 

program design (Mathiasson, 2020), and the training of future librarians (Aabø & 

Audunson, 2013; Lankes, 2016). Makerspaces can be considered extreme cases of the 

performative library emphasizing activities, experiences, and knowledge creations. 

Consequently, arranging makerspace activities is a different practice than organizing 

collections and supporting information-seeking processes. This section unfolds how do 

libraries arrange makerspace activities? 

To do so, I draw on the conception of activity systems (Engeström, 2015) from activity 

theory. Activity systems provides a holistic perspective on activities as dynamic systems 

shaped in action by individuals, mediating tools, objectives, communities, division of 

labor, and rules. Activity systems are also transformed as the result of tensions. Although 

I will not address all elements one by one, the following seeks to enlighten approaches to 

arranging activity systems in library makerspaces from the staff's perspectives. 

Specifically, the first subsection overviews three types of activities and discusses the 

challenges and potentials of transcending activity types in library makerspaces. The 

second subsection discusses expertise in library makerspaces and unfolding approaches 

to obtain and sustain staff expertise. The third subsection discusses the potential of the 

makerspace as a space opening new forms of activities in libraries and the work required 

to integrate into the library's existing cultural-historically shaped activity system.  

Formal, non-formal, and informal 

Table 3 summarizes the findings of the first article that examines makerspaces’ 

approaches to scaffold activities. In the educational literature, scaffolding is related to the 

situational support of users in the zone of proximal development (Belland, 2014). 

Scaffolding, in Article 1, is used as a metaphor for both the social and material 

conditioning (Orlikowski, 2006) that directs behavior towards an object (Wood et al., 

1976). Scaffolding is, in other words, a practice of reducing the number of possible paths 

in order to reach a goal.  
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 Formal Non-formal Informal 

Conditions Mandatory 

Pre-planned 

Objective defined with 

school 

Discretionary 

Pre-planned 

Objective defined by 

library 

Discretionary 

Not planned 

Objective defined by 

users 

Scaffolding 

approaches 

Tool-driven (4) 

Topic-driven (3) 

Project-driven (4) 

Object-driven (10) 

Tool-driven (4) 

Self-driven (8) 

Community-driven (6) 

Scaffolding 

techniques 

Activity design 

Material selection 

Building on existing 

knowledge 

Exercises 

Instruction 

Peer-to-peer guidance 

Public presentations 

Activity design 

Building on existing 

relations 

Material selection 

Competition 

Peer-to-peer guidance 

 

Recurring meetings 

Formal rules of access 

and use 

Peer-to-peer guidance 

Collaboration with 

actors in the community 

Learning 

objectives 

Technical competence 

Design process 

Topics and concepts 

 

Technical competence 

Design process 

Social relations and 

dialogue 

Social relations 

Participation in the local 

community 

Technical competence 

Barriers School collaboration 

Customization 

Little time for the design 

process 

Self-directedness 

Inclusion 

Table 3. Scaffolding approaches, techniques, objectives, and barriers in formal, non-formal, and 

informal makerspace activities (Einarsson & Hertzum, 2020) 

The findings suggest that library makerspace activities can be pre-planned formal 

educational activities, semi-structured non-formal activities, or informal activities driven 

by users that require less planning, guidance, and intervention by makerspace staff. The 

pre-planned and structured aspect of formal activities risks becoming “too rigid and 

formulaic” (Martin, 2015, p. 31). However, adding makerspace activities to formal 

educational agendas has the potential to enhance digital skills on national levels, ensuring 

equal participation independent of gender, ethnicity, or social status and supporting the 

learning of the diverse competencies associated with computing (Eriksson et al., 2018; 

Iversen et al., 2018a). More practically, formal educational activities in library 

makerspaces are mandatory and timeboxed. That affords makerspace staff and teachers 

to collaboratively design activities towards learning objectives, be it a technical skill, a 

design process, or learning about a book through making. Non-formal and informal do 
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not enable staff to plan and prepare to the same extent. Non-formal activities can be used 

to introduce newcomers to the makerspace (Dreessen & Schepers, 2018), scaffolded by a 

less structured activity design, and emphasize fun and social interaction in the process 

(Pienimäki et al., 2021; Article 1; Article 6). Informal activities are self-instructed uses 

of the makerspace to pursue personal projects or participate in a community (Article 1; 

Article 5). 

Both a potential and limitation for library makerspaces are the diverse users and 

communities they seek to attract in formal, non-formal, and informal activities. The 

diversity can be interpreted as a lack of focus and specialization, leading more advanced 

users to attend more specialized makerspaces (Article 4). On the contrary, serving and 

representing the diversity of local communities is part of library identity (Audunson, 

2005), and providing a central place offering different types of activities enable users 

more seamlessly to transition between them. The results of this research indicate three 

kinds of cross-fertilizations between the formal, non-formal, and informal activities:   

• Skills acquired by staff in one type of activity (e.g., a formal course about 

MicroBit) can be repeated and reused in other activities (e.g., a non-formal 

workshop for parents and children) (Article 2).  

• Community members participating in informal activities can volunteer to 

contribute to non-formal or formal activities adding relevance and authenticity 

(Article 1; Article 4-5).  

• Formal and non-formal activities can spark participants' interests leading them to 

work on self-directed projects in informal activities. (Article 5) 

The third point is important because the literature on making emphasizes the self-directed 

learning process makerspaces can motivate (Blikstein, 2014; Katterfeldt et al., 2018). 

This potential is, however, somewhat underexploited. Based on Dreyfus and Dreyfus’s 

model of skill acquisition (Dreyfus & Dreyfus, 1986), Article 1 finds that formal and non-

formal activities support novice and beginner level users, whereas informal activities 

preconditions that users are self-driven in their projects. This issue arises because making 

encompasses more than technical skills. Being a self-sufficient maker requires skills to 

detect and analyze a problem worth solving, envision a feasible solution, organize a 

project, and be reflected on whether a technological fix is appropriate in the situation 

(Berland, 2016; Hertzum, 2014; Iversen et al., 2018). The social and reflective skills are 

infrequently addressed by staff (Article 1) and users (Article 3), constraining learning and 

solving relevant problems in library makerspaces. Designing paths that prolong and 



 

 

49 

deepen the learning processes of makers by intersecting the formal, non-formal, and 

informal activities is relevant to future research and practice. 

Expertise 

The activity system model reflects that activities in makerspaces are affected by several 

connected elements, such as the users participating, the local community in which the 

makerspace is situated, the objectives set for the makerspace, and the tools and resources 

of the makerspace. In this system, staff possesses a central role in mediating the contact 

between the makers on the one side and the library on the other side. Article 2 is dedicated 

to the library makerspace staff's acts of balancing participation, expertise, and 

embeddedness in the pursuit of a sustainable activity system. This perspective 

complements existing research on the spatial and organizational considerations that are 

required when implementing a makerspace (Caso & Kuijper, 2019; Moorefield-Lang, 

2018; Willingham, 2018) by adding discussions on the practices of enduring, optimizing, 

and extending the value library makerspaces can offer.  

Corroborating with the existing research (Koh & Abbas, 2015, 2016; Oliver, 2016), the 

findings suggest that makerspaces must possess the capacity to repair and instruct tools, 

assess users’ needs, and facilitate activities. The social and technical skills required can 

be possessed by staff (individuals or teams) or shared with a community of users. Also, 

organizational skills are required to manage resources, establish collaborations with 

relevant local partners, and integrate the makerspace into library values and practices are 

required (Article 2). The findings of Article 2 also show that the technical expertise is 

acquired in different ways and held by different groups depending on the configured 

activity systems. Some makerspaces, for instance, Tingbjerg Library makerspace (Article 

6), extend the expertise gradually in parallel to the activities hosted, as one coordinator 

explains it: “In contrast to some other spaces, we have chosen to bring in one technology 

at a time. We then—'master’ might be a strong word, but—become familiar with it and 

conduct workshops in it before we continue to the next tool” (Article 2, Appendix A, p. 

36). This process is a learning-by-doing process in which expertise is extended gradually, 

and learnings are reused across different types of activities. This is common in pop-up 

and single-room makerspaces, whereas multi-room makerspaces with advanced tools 

require substantial technical expertise to instruct and service their tools. In some 

makerspaces, like Vordingborg Library Makerspace (Article 5), the expertise is shared 
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with the local community that caretakes for machinery. In other places, a division of work 

and dedicated training among staff is needed to possess the competencies to support 

makers’ uses of the tools. More problematic for sustainability is that well-equipped large 

makerspaces risk establishing an imbalance in the activity systems between tools, on the 

one hand, and staff expertise and users’ needs, on the other hand. Gradual extending 

expertise mitigates this risk but might not reach a scale sufficient to attract and foster 

communities of makers (Article 2). 

A space for new kinds of activities 

The prior research demonstrates that library makerspaces serve diverse objectives. These 

include recruiting new groups to the library, promoting equitable access to tools, 

supporting the learning of future relevant competencies, and fostering communities 

(Colegrove, 2017; Koh et al., 2019; Li & Todd, 2019; Slatter & Howard, 2013). Also, 

makerspaces are material manifestations of libraries “[..] more like kitchens (i.e., places 

for creating and producing things) rather than grocery stores (i.e., places for consuming 

things)” (Willett, 2016, p. 320). These potentials are apparent when library staff describes 

the makerspace as being part of organizational objectives of “replace books with people” 

or as “a blank slate” (Article 2), opening paths for the possibilities to establish 

connections to existing maker communities (Article 5), schools, and local organizations 

(Article 6). In that sense, the makerspace can act as a platform for connecting to diverse 

communal actors and contributing to the relevance.   

However, this dynamic conception of library makerspaces also creates tension between 

the makerspace and the cultural-historic institution that the library is, naturally asking: 

What is the library in library makerspaces? The makerspace already supports 

institutional commitments of libraries, including supporting unexpected meetings 

between diverse citizens (Audunson, 2005), information interaction (Li, 2021), and 

knowledge creation (Lankes, 2016). However, in Article 2, staff also describe the risk of 

the makerspace being a disconnected ‘add-on’ in the library, therefore, suggesting further 

work to integrate makerspaces into the existing activity system of libraries:  

Building on the existing cultural-historical activity systems in libraries, 

makerspaces could develop activities to liven stories and information stored in 

collections, teach critical literacy for construction (e.g., information seeking and 

project planning), foster engagement and interaction among diverse actors in the 



 

 

51 

local community, and actively seek to involve marginalized users who are 

underserved in other types of makerspaces. (Article 2, Appendix A, p. 42) 

The argument stated above is threefold: First, makerspaces should extend the integration 

to existing materials and practices. For example, Article 1 depicts a case in which books 

are recreated with the means in makerspaces, supporting discussion and reflection on 

content. Also, integrating traditional materials (books or scientific literature) serves as 

inspiration and context. For instance, prior research on creative professionals’ 

information behaviors shows that films, books, and magazines can inspire aesthetic 

expression (Mason & Robinson, 2011). Article 4 portrays a case of a maker for whom 

architecture readings provide context and inform the project. The second aspect concerns 

adding to the library's existing role of supporting information literacies. Making is an 

information-intensive process that concerns searching and connecting information from 

tangible and intangible sources (Article 3; Li, 2021), materializing information into 

concrete objects, and possibly documenting the outcomes (Tseng & Resnick, 2014). The 

materiality of information is further addressed in the following section, but furthering 

research on the literacies required for making and practices to support and stimulate 

productive information behavior is a relevant role for libraries to take on. The third point 

is about equity. Libraries have a tradition of supporting marginalized groups in the 

community, while many makerspaces struggle to attract diverse users (Eckhardt et al., 

2021; Roque, 2016; Smit & Fuchsberger, 2020). As shown in Article 6, recruiting 

underserved groups can be complicated, costly, and result in few participants (Article 6). 

Nevertheless, pursuing more diversity in technology construction is an important task that 

complies with the library's historical role; therefore, it should be taken on by libraries 

more systematically. 

Making in everyday life 

The prior section covered the arrangement of activities in makerspaces primarily from the 

library makerspace staff's perspectives. This section, in contrast, takes on the individual 

users' perspectives and addresses how do material practices connect to makers' everyday 

lives? For the scholars that consider ‘communities of practice’ as a defining characteristic 

of makerspaces (Halverson & Sheridan, 2014; Koh et al., 2019), addressing individuals 

might seem counterintuitive. Although the social and communal qualities are considered 

significant (Taylor et al., 2016; Toombs et al., 2015) and addressed in the following 

section, the communities of practice view is limited for at least three reasons: First, 



 

 

52 

makers’ interests vary from electronics and digital fabrication to design and handicrafts. 

Hence considering making uniform practices loses the sensibility of what diversity 

making can entail. Second, some makers prefer to work alone and are not interested in 

the social qualities of the makerspace (e.g., see Article 4). Third, only focusing on the 

situated community interactions is insufficient to uncover ways that making transcends 

the immediate context and interacts with other domains of everyday life. The everyday 

perspective supports viewing the unfolding of practices in diverse contexts and adds 

meaning to individuals' lives (Bakardjieva, 2011).  

The connection between making and everyday life has been established in prior research. 

That includes connections between making and serious leisure (Davies, 2017), everyday 

creativity (Gauntlett, 2018), and everyday life information seeking (Li, 2021). 

Complementing this body of work, the following sub-sections address the materiality of 

information in maker projects, the diverse competences applied by makers, and the 

meanings users associate with the places for making.  

Materiality of information 

The materiality of making comprises multiple aspects. Materiality can include the 

material configuration of makerspaces providing an atmospheric expression (Caso & 

Kuijper, 2019; Fox et al., 2015), the design of tools and values embedded in them 

(Buechley & Hill, 2010), and the material processes of makers (Devendorf & Ryokai, 

2015; Landwehr Sydow et al., 2020). Because this study is interested in makers' activities 

in libraries, the main contribution regards conceiving the makers' material processes as 

information interaction (Article 3). While material interactions and information could be 

considered oppositions, dissolving the dichotomy offers a perspective that supports 

explicating the informative aspects tacitly residing in the interaction with tools and 

materials, conversations with people in the makerspace, and everyday life situations.  

The analytic framework devised in Article 3 addresses the use of information sources in 

relation to the knowledge area (i.e., the information contribution) (Hertzum, 2014), stage 

in the creative process (i.e., the stage in the process) (Mace & Ward, 2002), and relevance 

criteria (i.e., the reason for choosing the source). The information sources are:  

• People: Information based on dialogue with others, such as makerspace users.  

• Documents: Information based on recorded sources, such as books or YouTube 

videos, or personal notes.  
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• Experimentation: Information based on material interaction, such as tinkering, 

testing, and evaluating outcomes.  

• Prior experiences: Information based on personal experiences in everyday 

situations, such as detecting a problem at home or know-how from previous 

projects.   

Applying this framework in a directed content analysis (Hsieh & Shannon, 2005) reveals 

that, after people, experimentation is the second most mentioned information source. This 

finding is perhaps not surprising as trial-and-error processes, tinkering, and learning-by-

doing are highlighted in the literature on making (Li, 2021; Resnick, 2017). However, 

regarding information opens a new perspective. Considering Michael Buckland's 

distinction between information as a process and a thing, experimentation is both. As a 

process, experimentation is dialogical, situated, and reflective (Schön, 1983). In the 

moment, experimentation can be a generative process affording improvisation, reflection 

on alternatives, and iterating. As a thing, the experiment is materially manifested in, for 

example, a sketch, 3D-drawing, or material object that can be scrutinized. For example, 

at sketch can reveal a new perspective on the situation of use (Schön, 1983). An 

unsuccessful 3D-print can reveal learnings about the machine settings, material behavior, 

and the appearance of the object (Landwehr Sydow et al., 2020). Directly related to the 

current debates in everyday information seeking (Savolainen & Thomson, 2022; Willson 

et al., 2022), experimentation exemplifies the close connection between information 

seeking and information use offering a promising venue to understand this relation in 

depth.    

Competence 

Makerspaces are associated with multiple forms of learning, including project-based 

learning (Blikstein, 2014), constructionist learning (Papert & Harel, 1991), and informal 

and lifelong learning (Colegrove, 2017; Koh et al., 2019; Willett, 2016). Making is also 

an entry-point to learning combinations of material, social, and cognitive competencies 

to critically reflect on technology and participate in building better futures (Berland, 

2016; Iversen et al., 2018b). This research contributes descriptions of the competences 

found in informal and self-driven leisure projects.  

Article 4 described three distinct types of maker practices: Crafting, connecting, and 

commoning, associating each with a distinct set of competences, connecting associates 

directly with Gauntlett's (Gauntlett, 2018) idea of making as a process of everyday 
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creativity. Connecting displays competence in sensing problems or opportunities in 

everyday life that afford interventions utilizing the makerspace (e.g., a personalized gift 

or object contributing to other hobby activity). Connecting is, however, less about the 

technical skill and too much complexity is a frustration. Rather, connecting concerns with 

devising the appropriate creative expression reflecting relations to people or situations in 

other everyday situations. Crafting, on the contrary, relates to an immersive interaction 

with tools resembling Richard Sennets' concept of ‘the Craftsman.’ In this practice, 

quality is a motive, and to achieve it, techniques and skills are refined by continuous 

practice. This  form of deep and sustained activity supports ‘Bildung’ (Katterfeldt et al., 

2015). Finally, commoning refers to the group of regular users using the makerspace as 

a common resource (Hillgren et al., 2016; Seravalli, 2018), emphasizing the sharing of 

tools, information, and practices. While ‘commoners’ emphasize the informal 

information sharing in the community, these users tend not to conduct projects that 

challenge and extend their skills. Instead, participation is more about sustaining existing 

expertise, forming social relationships, and passing on experiences to others. 

In relation to computational thinking (Berland, 2016), both the studies on makerspace 

staff (Article 1) and users (Article 3-4) show that the makerspace focus on the material 

literacies. The cognitive literacies to assess why a specific solution is relevant and the 

social literacies to devise from whom the solution might be relevant are rarely addressed. 

These questions are likely not addressed because the practices are leisure activities 

motivated by personal needs, be it solving a personal problem, refining a skill, or 

socializing. Also, interrupting self-driven processes risks affecting participation 

(Seravalli, 2018) and disrupting the learning process. Contrarily, encouraging makers to 

reflect on the problem, gather information about the context of use, consult multiple 

sources to enhance technique and expression, and evaluate solutions could further makers' 

learning processes. Also, libraries could support ideation processes or make catalogs of 

problems worth solving in the community to enhance the possibility of solutions having 

impacts beyond the individual maker.  

Meanings of making 

Makerspaces are promoted as places that democratize technologies for construction and 

empower people to devise personal expression. The perspective applied in this research 

grounds the expectations in ordinary people's everyday lives (Bakardjieva, 2011; Shove 
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et al., 2012). The prior research on the meanings associated with making stress the 

meaning associated with the process, such as the intrinsic pleasure and joy of making and 

the critical anti-consumerist stance that products and practices represent (Davies, 2017; 

Gauntlett, 2018). Article 4 finds that the practices of crafting, connecting, and commoning 

are associated with multiple meanings, namely the meaning of 1) reflecting on everyday 

situations, 2) immersing in the process, and 3) connecting with like-minded others. Also, 

considering the distinction between space and place (Harrison & Dourish, 1996), 

meanings are associated with a particular place in everyday life.  

Devising an expression is associated with connecting (Gauntlett, 2018), in which makers 

use projects in the makerspace to connect with their social and material surroundings. 

Although the process is not necessarily technically complicated, devising the creative 

expression scaffolds the maker to explore everyday problems or reflect on social relations 

to devise an appropriate expression. For example, the gift-making example in Article 4 

describes the makers' levels of attentiveness towards reflecting the social relation in the 

product. Also, in Article 3, Per's wheelchair project is described. Like the women 

embedding their life stories in a wooden quilt (Capel et al., 2020), Per's project 

materializes his experiences of being impaired and dissatisfaction with existing 

wheelchairs. For instance, in Per's view, wearing a suit in a wheelchair looks awkward, 

which frustrates him given his background in business. Although the product outcomes 

are uncertain, the process itself supports Per in pursuing a path to act on his personal 

situation that is especially meaningful for people with disabilities (C. L. Bennett et al., 

2016). In that sense, personal fabrication is not only a critical deviation from the 

traditional consumption pattern but also a reflection of everyday life and a pursuit of 

maintaining or improving meaningful elements of it.  

Immersing into the process is associated with crafting (Sennett, 2008), in which the user 

finds intrinsic meaning in the material interaction of solving problems, refining 

techniques, and iterating on designs. Affection for the material interaction potentially 

scaffolds making from being a short-term ‘project-based leisure’ to becoming a ‘serious 

leisure.’ Serious leisure is a "pursuit of an amateur, hobbyist or volunteer activity 

sufficiently substantial, interesting and fulfilling for the participant to find a (leisure) 

career there acquiring and expressing a combination of its special skills, knowledge, and 

experience"(Elkington et al., 2014, p. 4). To rephrase, the meaning connects to the deep 

engagement in a discipline requiring and reflecting specialized skills and knowledge. For 
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instance, one of the interviewed users had produced many CNC milled cutting boards, 

continuously refining his work by experimenting with various combinations of woods, 

coatings, milling patterns, and finishing techniques (Article 4). In contrast to his work as 

a software engineer, he is not accountable for his time in his maker projects, allowing him 

to immerse for long periods, making it a recreative activity. Interestingly, this type of 

immersion is individual and associates not with the makerspace. Rather, it takes place in 

home offices and workshops, affording makers to work uninterruptedly on their physical 

or digital designs. Instead, the makerspace becomes a place to access tools and specialized 

advice or feedback.  

Connecting to like-minded others is associated with the practice of commoning 

(Seravalli, 2018), for whom the makerspace is a collective resource and a venue for social 

interaction. Similar to prior studies (Taylor et al., 2016; Toombs, 2015), both Article 3 

and Article 5 display how people in-situ share information, materials, and tools 

supporting projects. However, the material projects are secondary, whereas the 

community is primary. These users participate in social events, volunteer to support less 

experienced users, and spend time discussing technology informally – and some of the 

users might also know each other in advance from work in the industry (Article 3), further 

motivating social participation. In common with Prigoda and McKenzie's (Prigoda & 

McKenzie, 2007) research on knitting circles in libraries, findings from Article 5 suggest 

that makers organize social activities and talk about other aspects of life. 

The material interactions, competences, and meanings associated with making are not 

mutually exclusive nor per definition involved in all projects. Instead, addressing making 

from the everyday perspective contributes to uncovering ways that maker practices span 

and add meaning to several domains in everyday life, be it the makerspace, home, or in 

connection to a variety of everyday relations, needs, and situations. That can clarify the 

meanings and expectations of the makerspace, which is challenging to capture merely by 

observing physical or virtual behavior in the makerspace (Article 5) or interviewing staff 

(Article 1).  

Makerspace mediation of social relations 

Several scholars consider ‘communities of practice’ a defining characteristic of 

makerspaces (Halverson & Sheridan, 2014; Koh et al., 2019), but as the prior section 

displays, not all users are involved nor aspire to participate socially. Instead, this research 
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view makerspaces as mediators of induvial and institutional objectives (Kuutti, 1996), be 

they related to material objects, the community, or a particular set of competencies. This 

section addresses how do library makerspaces mediate social relations? Two forms of 

social relations are addressed, namely, the social relation between community members 

mediated by the spatial configuration (Article 5) and the collaborative social relations 

mediated by tools and materials (Article 6). 

Community 

The relationship between makerspace and the community is a topic addressed in all the 

empirical studies conducted. That is partially because community engagement is an 

aspiration of libraries affiliating them closely to citizens (Koh et al., 2019; Slatter & 

Howard, 2013), but also because of the internal contradiction of close-knit communities 

constraining the access of outsiders (Dreessen & Schepers, 2018; Menendez-Blanco & 

Bjørn, 2019; Smit & Fuchsberger, 2020). More precisely, the findings of this research 

suggest that maker communities provide conditions for makers to develop social 

relations, sustain engagement in creative activities, take ownership, and contribute back 

to the local community (Article 4-5). However, similar to studies on equity in 

makerspaces (Buechley & Hill, 2010; Eckhardt et al., 2021), the existing maker 

communities are dominated by male users with backgrounds in engineering and 

electronics (Article 2; Article 5), proposing only a narrow perspective on who can identify 

as maker (Lewis, 2015). The issue of inclusion, diversity, and equity in makerspaces is 

entangled in the cultural-historical portrait of computation (Vossoughi et al., 2016), 

complicating it further. Hence, Article 4 proposes that the challenge could be addressed 

on several levels based on Henri Lefebvre’s (Lefebvre, 1991) triadic view of spaces as 

planned, practiced, and symbolic.  

From the planning perspective, library makerspace staff can formulate rules and codes of 

conduct in the makerspace. Rules in the current activity systems comprise guidance and 

prerequisites for appropriate tool use, pricing of materials, and few restrictions on what 

may not be produced (e.g., no weapons and prototypes only) (Article 1). In addition to 

the practical rules, codes of conduct can explain the aspiration of makerspaces to be 

inclusive, diverse, and safe environments (Fox et al., 2015). This addition is both simple 

to implement and timely.  
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Altering existing users’ practices is complicated because community members 

interviewed report being motivated by engaging new groups in computing but 

unintendedly attracting users similar to themselves. For example, Article 4 reports that 

community members are interested in passing on their knowledge and that participation 

in the makerspace is a venue to socialize with former colleagues. In contrast, another user 

is disinterested in the community because she does identify with the male-dominated 

community who are more interested in technology than the design of useful things. Non-

formal activities mobilizing underrepresented groups is one strategy to alter the 

community composition (Dreessen & Schepers, 2018; Lewis, 2015). Article 6 supports 

prior research (Kuznetsov et al., 2011), stating that identifying, attracting, and sustaining 

the participation of underserved groups is resource-intensive. However, dedicating 

resources to identifying groups that could benefit from the makerspace, arranging 

activities to involve them, and devising strategies to integrate new users into the 

community support the aspirations of equity in libraries and makerspaces. 

Symbolically, tools in the makerspace (Buechley & Hill, 2010), spatial layout (Barniskis, 

2016b), and online communications (Menendez-Blanco & Bjørn, 2019) subtly display 

the identity of the space and what it means to be a member in it. For example, the two 

makerspaces studied differ in their symbolic systems. In Vordingborg, activities mainly 

comprise informal communal activities centered around the tools. The tool-orientation is 

communicated, for instance, by a line of 3D printers facing the library, spreadsheets 

displaying the technical competences of community members, and new users are invited 

to attend 3D-modelling courses (Article 5). The Creator’s Space hosts, on the contrary, 

primarily informal and non-formal activities involving children. Tools are hidden in 

lockers while fabrics, electronic waste materials, scrap wood, and sewing machines are 

displayed for by-passers. The emphasis on materials is also reflected in the workshops 

designed to combine interaction with creative materials and computational tools (Article 

6). Both makerspaces resonate the users in it and the local community surrounding it. Yet, 

being reflected on how values communicated by users, staff, or material layout affect 

outsiders’ conceptions of the space is important in the pursuit of inclusion and diversity.  

In sum, the community supports individuals in socializing with others, accessing help, 

and contributing to the local community. However, the rules of the makerspace, the 

community members'  levels of participation, and the symbolic system of the makerspace 

all subtly mediate the identity of the space from a spatial perspective that supports the 
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makerspace in becoming a ‘place’(Harrison & Dourish, 1996) with some coherence in 

practices, routines, and meanings associated with it. The central challenge for library 

makerspaces pursuing equity and inclusion is balancing between nurturing and sustaining 

the social qualities within the makerspace community while simultaneously critically 

reflecting on how the makerspace is perceived from the outside and making incremental 

adjustments to widen participation. 

Collaboration 

Collaboration is considered an engrained part of the maker movement. Collaboration can 

entail the distributed sharing of objects (Gershenfeld, 2012; Oehlberg et al., 2015; Tseng 

& Resnick, 2014), the situated informal exchanges among community members (Hui & 

Gerber, 2017; Toombs et al., 2015), or the making of objects to meet others’ needs (Parry-

Hill et al., 2017). In the case studies, two types of collaborations are addressed; the 

community collaboration mediated by the makerspace (Article 5) and the project-based 

collaboration between father-child pairs mediated by tools, materials, and activity design 

(Article 6). 

Article 5 depicts five stages of participation in a communal makerspace based on Nina 

Simon's model of me-to-we design (Simon, 2010). The collaborative practices mediated 

by the makerspace include sharing and discussing virtually, forming collaborative 

projects, and peer supporting the co-situated makers in proximity (Article 5). Also, in 

some libraries, makerspaces, and community members form a mutually beneficial 

relationship, in which makers gain access to tools and a community of likeminded 

motivating individuals to reciprocate by maintaining machinery, hosting activities, 

promoting the makerspace externally, and supporting less experienced users (Article 2; 

Article 4; Article 5). These findings reflect that the makerspace itself is a collaborative 

project (Davies, 2017). On the contrary, Article 4 indicates that community members 

rarely mobilize around collaborative projects. That is, arguably, because interdependent 

collaboration is complex, requiring negotiations of objectives, sharing of tasks, and 

ongoing coordination (Schmidt & Bannon, 1992), contradicting some of the spontaneous 

and pragmatic characteristics of making as a leisure activity (Davies, 2017). Also, the 

collaborative project is rooted in technical curiosity, not an actual need. Although libraries 

should not enforce collaboration adding, proposing projects meaningful to the local 
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community could support users' wishes to reciprocate to the community and mobilize 

resources of the makerspace community to meaningful ends.  

Article 6 is about situated collaboration in non-formal conditions. Non-formal activities 

aim to capture participants' interest, for instance, by designing activities as fun social 

experiences (Article 1). The father-child workshops conducted in Study 4 comprise 

activities to introduce participants to their local makerspace in the makerspace through 

collaborative activities. The findings suggest that the non-formal activities provide 

conditions for mutual learning, role shifting, and experiencing one another in a new 

setting. Similar to other studies arguing for makerspaces as a third place (Taylor et al., 

2016), it is found that the makerspace mediates this experience simply by providing time 

and space dedicated to fun and play partially isolated from other stresses of everyday life. 

Tools and materials, however, mediate the collaboration in different ways. Article 6 

distinguishes between non-computational creative materials (e.g., cardboard, straws, 

books, and waste materials) and computational tools (e.g., computers, microcontrollers, 

laser cutters). Analog creative materials are intuitive, afford improvisation, and a 

materially mediated dialogue, such as demonstrating ideas through interim constructions. 

The disadvantage then is that improvisation is mostly done by fathers who, in some 

situations, overtakes the project. On the contrary, when computational tools are 

introduced the character of the dialogue and division of labor between father and child 

changes. Fathers step back while children take on the central role of controlling the 

computer. Also, computer-based activities afforded iterative processes (e.g., continuous 

adjustments of values to refine movements of robot) but the dialogue and design is shaped 

by the abstracted language displayed on the screen, such as values, parameters, and 

functions. In other words, despite relying on a narrow sample, the results indicate that 

makerspaces can provide an appropriate space for social interaction and that tool selection 

affects movement, communication, and role-taking in makerspace activities. Also, video 

interaction analysis appears to be a promising path to further understand the impact tools 

have on the situated social interactions in makerspaces.   
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Concluding remarks 

In this dissertation, making in libraries is viewed from an everyday life perspective. 

Advocates of the maker movement have framed making as part of an industrial revolution 

democratizing technology enabling ordinary people to devise things and do business 

resembling skillful designers, engineers, or entrepreneurs. This research does not support 

that claim – at least not as it takes place in Danish library makerspaces – and the everyday 

life perspective helps moderate the expectations. Surely, discourses celebrating 

innovation, entrepreneurship, and disruption of markets can be useful to assess and 

improve existing social, commercial, and material systems. However, they also risk 

directing our gaze towards the ‘new’ instead of the existing aspects that add value to our 

lives and require ongoing maintenance and care (Vinsel & Russell, 2020). Thinking of 

making as an activity not disrupting but contributing to the existing is valuable both from 

the individual makers’ perspectives and the institutional. Making is an intrinsically 

meaningful pursuit for individuals, allowing people to immerse in materials, learn new 

skills, socialize with others, devise creative expression, and interact with the world 

through the material. Making already possesses a component of reflection on the existing 

through material interaction (Schön, 1983). However, it often neglects investigations into 

existing documented knowledge on the subject or the involvement of people in the 

context. Thus, questions like why and for whom is this solution useful are avoided, 

resulting in objects contributing little or no value beyond the individual. Makerspaces 

support informal information exchanges, experimentation, knowledge creation, and 

community building for libraries. Makerspaces also propose new means to connect with 

citizens and community organizations but the risk of becoming disconnected add-ons to 

the library instead of integrated services. Although makerspaces must embrace the 

emergent qualities of making, considering the connections to existing values, practices, 

and resources is a viable path to integrate the new into the existing. That could include 

further integrating the library collection to spark or extend interest in domains associated 

with making (e.g., architecture, design, science fiction literature), applying to make to 

reflect on materials in the collection and repropose materials through making. Also, 

qualifying the information literacies connected to creative processes would be relevant to 

addressing the qualities of diverse sources and information sources relevant for making 
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and the appropriate combination of situated and documented information sources. This 

path could also lead to furthering the understanding of the productive role of information 

in understanding the past, analyzing the present, and devising conceptual or material 

objects altering the future. 

This research revolts around Danish library makerspaces contributing insights about 

individuals, collaborative, communal, and organizational practices. While providing a 

nuanced perspective on library makerspaces, this research also surfaces questions 

relevant beyond libraries for future research to address. On the institutional level, 

makerspaces are simultaneously implemented in several public institutions, including 

libraries, schools, museums, and community centers. Interinstitutional analysis of the 

shared or competing goals and practices could be fruitful in clarifying the context-

dependent role of makerspaces and detecting ways for supporting makers processes 

beyond the defined boundaries of the individual institution. On the social and 

collaborative level, this research suggests an embodied view on the father-child 

interaction, indicating how creative materials and computational tools mediate 

collaboration differently. Despite relying on a small sample of father-child pairs, this 

perspective is relevant for makerspaces in libraries, schools, and museums offering short-

term activities aiming to spark interest, reflection, and build upon a meaningful social 

relation. Extending the understanding of embodiment in the making through video 

interaction analysis is encouraged to detail subtle information processes and exchanges, 

social interactions, and consequences of tool and material selection. Also, this research 

suggests that more research is needed to develop a meaningful way those makerspace 

communities can contribute to their community. At last, from the individual perspective, 

further uncovering how people use material interactions - in makerspaces and beyond – 

to make sense of and retain agency is relevant in a world that is ever more intertwined 

with sophisticated technological systems.  
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Article 1. How Is Learning Scaffolded in Library Makerspaces? 

By Árni Már Einarsson and Morten Hertzum 

Published in International Journal of Child-Computer Interaction 

 

Abstract. Libraries have adopted makerspaces to promote a maker mindset and 

skills in using technology. In this paper, we examine how learning is scaffolded in 

library makerspaces. Based on interviews in fourteen Danish library makerspaces, 

we identify seven scaffolding approaches across formal, non-formal, and informal 

learning activities. The scaffolding approaches include topic-driven activities for 

schools, object-driven events for children and their parents, and community-driven 

activities, which are mostly attended by adults. We find that in spite of their focus 

on learning, the makerspaces provide limited scaffolds for skill progression. In 

addition, the scaffolds must span multiple skills but tend to focus more on the 

users’ skills in using the available tools than on their skills in defining meaningful 

projects. A final challenge faced by the makerspaces is that to scaffold community-

driven activities, the makerspaces must accept that it is a continual effort to balance 

community claims to the space against openness to newcomers. 

Introduction 

Makerspaces are emerging in diverse settings as a local space where individuals can meet, 

make, learn, and share [1]. Libraries are one of the institutions that have embraced these 

new spaces [2–8]. It has been argued that makerspaces and libraries are a natural 

combination because makerspaces in libraries offer “a framework by which shared core 

library and community values such as equitable access to information, resources, and 

opportunity for lifelong learning can be reconciled and amplified” [5]. Yet, providing 

and equipping the space is not enough to create a successful makerspace. It is also 

necessary to invite activities that attract and sustain user interest and development. That 

is, it is necessary to scaffold learning. 

Scaffolds seek to facilitate learning by constraining the possibilities for action [9–11]. To 

succeed, they must ensure low barriers to entry, while at the same time providing the 

challenges necessary for deep and sustained learning. With too few constraints, the 
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possibilities may be vast but the barriers to participation are high because the users must 

themselves discover what is possible, bring the ideas, plan their project, build the skills, 

overcome the setbacks, and so forth. With too many constraints, the possibilities are too 

few, and user interest quickly dwindles. On the basis of interviews, this study explores 

how learning is scaffolded in library makerspaces. Because the scaffolding differs across 

learning activities, we distinguish among scaffolds in formal, non-formal, and informal 

learning activities. The investigated library makerspaces are located in Denmark and have 

activities for schools, families, and the general public.  

In the following, we review related work on library makerspaces and scaffolding, account 

for our method, and present the results of the interviews conducted. On this basis, we 

discuss the challenges of scaffolding skill progression, developing multiple skills, and 

attracting communities while also ensuring access for newcomers.  

Background 

Makerspaces have spread and become popular in less than two decades [5]. In a survey 

of public libraries in 31 large cities across the world, Born et al. [3] find that 41% of the 

libraries have makerspaces.  

Library makerspaces 

The notion of a makerspace is an umbrella term for creative spaces such as hackerspaces 

and FabLabs “[...] where Makers congregate and, ideally, have access to the tools, spaces, 

and resources that help them create the things they Make" [8]. Makerspaces are located 

and configured in different ways in the library space [12] to serve the needs and wishes 

of their local communities. Some makerspaces provide simple tools and become venues 

to support creative and accessible STEM experiences for children, families, and 

underserved group [4,13,14]. Other makerspaces aim to engage users in a community of 

practice around advanced digital fabrication machinery [15]. Still other makerspaces have 

no permanent physical location but pop up on occasion to facilitate maker activities 

[8,16]. In spite of their variety, library makerspaces center around similar goals [6]: 

• To expand library services through additional offerings 

• To foster engagement and involvement of the local community 

• To promote equitable access to technological tools 

• To encourage participatory learning 
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Pursuing these goals involves a belief that libraries should be more like kitchens and less 

like grocery stores [7]; that is, they should be places of creation rather than consumption. 

In this way, makerspaces contribute to the reorientation of libraries away from a mainly 

book-centered approach and toward attracting new users and collaborators [6]. 

Makerspaces have hands-on qualities that hold potential for facilitating learning that is 

tangible, imaginative, and stimulates the learner’s feeling of self-efficiency [17–19]. For 

example, studies report that makerspaces “offer a safe space to design, create, fail and 

try again” [20], that the provision of a library makerspace “would be empowering” to its 

users [4], and even that the learning has an aspect of activism in that “makers aim to 

intervene to create a world different to the one we live in” [21]. In a study on youth 

makerspaces in libraries and schools, Li and Todd [22] find that all interviewed users 

enjoy the process of making while they learn future-relevant STEM-based, artistic, and 

collaborative skills and build friendship with other users. However, Willett [7] strikes the 

cautionary note that it is often unclear whether the users of library makerspaces 

experience an urgent need to create, just as it mostly remains unspecified how the 

empowerment manifests itself. It has also been found that whereas failing epitomized 

learning in the eyes of makerspace mentors, the teenage users of makerspaces equated 

failing with not learning [23]. Specifically, many of the teenage users were disinclined to 

take on larger projects and, instead, preferred fast projects that fitted into 30-45 minute 

timeframes. Such brief timeframes left little time for failure and learning. Thus, a ‘maker 

mindset’ cannot be assumed. To attract and sustain broad interest in a makerspace, 

libraries must be prepared to cultivate such a mindset. Otherwise, library makerspaces 

may attract a fairly narrow group of users. 

The maker movement emphasizes informal learning, sometimes to the extent of creating 

a polarization between hands-on, learner-led, playful, informal learning and instruction-

style, tedious formal learning [7]. Many library makerspaces are, however, involved in 

educational activities with schools, either through a collaboration between a public library 

and a school or because the makerspace is part of a school library. In both cases, the 

makerspace hosts activities that are embedded in a formal curriculum. As a commendable 

example, Thanapornsangsuth [24] shows how a four-day makerspace program engaged 

Indian eighth-grade students (12-14 years old) in identifying and working to solve 

community problems. One of the student groups created a prototype diffuser for 

lemongrass oil to keep mosquitos away. A key result of the study was the importance of 
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purpose and passion in uniting the students around a group goal and in driving them to 

persist through challenges. However, the four-day program required a staff of 19 people 

to support the about 50 students. At the informal end of the spectrum, Taylor et al. [21] 

show that makerspaces may primarily be hubs of community. For example, the Westhill 

Men’s Shed provided a communal workspace for older men with mental health issues 

[21]. In these makerspaces, the fabrication activities mainly serve as a scaffold for coming 

together, learning from each other, and socializing. 

Scaffolding 

Wood et al. [25] introduced scaffolding as a metaphor for the assistance a tutor provides 

to enable learners to solve a problem, carry out a task, or achieve a goal that would be 

beyond their unassisted capabilities. Subsequently, the scaffolding metaphor has been 

employed in a wide variety of settings, mainly in education [e.g., 26] but also in museums 

[e.g., 10], makerspaces [e.g., 27], and studies of knowledge work [e.g., 9]. Scaffolds 

provide both cognitive and motivational assistance [11]. Using the six scaffolding 

functions identified by Wood et al. [25] as examples, cognitive assistance includes 

reducing the degrees of freedom in the task, marking critical task features, and 

demonstrating task solutions; motivational assistance includes enlisting the learners’ 

interest in the task, maintaining their direction of focus to keep them in pursuit of the task, 

and controlling frustration. In makerspaces, the learning objective served by scaffolds 

includes a concrete objective, such as producing a specific object, as well as the intangible 

objective of learning new methods, stimulating interest in making, and taking part in a 

community [6,7]. 

Scaffolding, especially the cognitive assistance, is often linked to constructivist learning 

theory and its idea of the zone of proximal development [28]. The zone of proximal 

development is the distance between a learner’s current level of development and the 

potential development level that can be achieved through hints, guidance, or help from 

more knowledgeable educators [28]. It resembles one-on-one scaffolding in which an 

educator scaffolds a task for a learner. Another important class of scaffolds is peer 

scaffolding in which the hints, guidance, or help are provided by other learners rather than 

by an educator [11]. A third class is material scaffolds, such as instruction sheets, 

predefined exercises, and computer-based tools [11]. While one-on-one scaffolding and 

peer scaffolding are soft in that they are interpersonal and dynamic, Saye and Brush [29] 
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contend that material scaffolds are hard in that they are preplanned and unchanging. 

Irrespective of their class, scaffolds facilitate certain actions and constrain others. They 

“structure human activity by supporting and guiding it, while at the same time configuring 

and disciplining it” [9]. That is, scaffolds in library makerspaces are the sociomaterial 

conditions that facilitate users at different stages of learning in their individual 

progression. 

Scaffolds are intended to be temporary. They are introduced to assist the learner in 

progressing and they are gradually removed as the learner gains skill at the scaffolded 

task. This fading distinguishes scaffolds from permanent types of assistance, which are 

designed to remain available and be used whenever the task is performed [11]. When a 

scaffold is faded away, the learner has achieved an increased level of competence and 

autonomy [25,26]. Scaffolds also differ from other types of assistance by simultaneously 

simplifying tasks and highlighting their complexity. The simplification serves to make 

the task easier to accomplish. The highlighting of its complexity serves to shape the 

learner’s understanding of the task, problematize its content, and thereby provide more 

productive opportunities for learning [30]. Belland, Kim and Hannafin [31] study 

scaffolding in the context of problem-based learning – a setting with many similarities to 

makerspaces. They argue that educators should provide scaffolds that establish task value 

and promote autonomy, belonging, emotion regulation, mastery goals, and expectancy 

for success. 

Formal, informal, and non-formal learning activities 

In library makerspaces, learning is scaffolded through formal, informal, and non-formal 

activities. Formal learning activities are often pre-structured for a group of students in an 

educational institution [32]. There may be room for student projects, but the formal 

activities are structured by their temporal boundaries and instructional design. Several 

studies point to tensions between, on the one hand, curriculum planning and learning 

goals and, on the other hand, the interdisciplinary and exploratory aspects of learning in 

a makerspace [17,33]. However, curriculum planning and learning objectives scaffold 

learning in ways that help clarify to the students what and how to do, and thereby support 

progression in the students’ learning.  

In contrast, informal learning is self-directed, incidental, and interest-driven [34]. It 

happens outside formal educational contexts and is structured around learner-initiated 
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projects rather than pre-set educational objectives. Informal learning may be individual, 

but in relation to makerspaces its communal and social aspects are often emphasized 

[6,21,35]. Scaffolds for informal learning should not prescribe activities or goals but 

rather map out the space of possibilities. Though everyone is welcome in informal 

activities, there are social and technical barriers for non-experienced users to enter the 

informal makerspace activities [21,36].  

Non-formal activities are discretionary, structured or semi-structured activities [37]. They 

often aim to develop specific technical skills or to invite new users into the makerspace 

[21,36]. For instance, Dreessen and Schepers [36] discuss strategies that invite non-

experienced users to a communal makerspace through strategies for bridging non-formal 

and informal activities.  

Method 

To map approaches for how learning is scaffolded in library makerspaces, we conducted 

semi-structured interviews [38] with practitioners in fourteen library makerspaces in 

Denmark. Prior to the interviews, the study and its data collection were approved by the 

institutional review board at our university. 

Procedure 

Because we set out to map scaffolding approaches, we needed variety in our sample. We 

sought variety in the type of makerspaces, their regionality, and their spread across urban 

and rural municipalities. The makerspaces were selected on the basis of a list of all 

municipal libraries in Denmark. For each library, we searched on the library website and 

Google for “maker [+library name]”. This way, we identified a total of 23 libraries that 

hosted makerspaces or other recurring maker activities. For the interviews, we recruited 

14 libraries through purposive sampling [38] with the criteria to represent a large 

proportion of the population and reflect variation in type and geographic location. The 14 

library makerspaces are summarized in Table 1. They represent all regions in Denmark 

and span urban (7 makerspaces), rural (6 makerspaces), and intermediate (1 makerspace) 

municipalities. In the table, the type of makerspace is classified as:  

• Pop-up makerspace: Makerspaces that have no designated area but host recurring 

activities with simple tools such as electronics, robotics, and creative materials.  
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• Single-room makerspace: Makerspaces with a designated area in the library and a modest 

tool package including laser cutter, 3D-printers, electronics, robotics, and creative 

materials.  

• Multi-room makerspace: Makerspaces with multiple designated areas in the library and 

a large tool package including machinery such as a CNC-mill, laser cutters, and materials 

for wood working.  

The majority of the interviews were conducted in the makerspace and combined with a 

tour of the makerspace. Three interviews were conducted over the phone. In four libraries, 

two makerspace practitioners with different roles attended the interview. All interviewees 

had experience in planning and conducting activities in the makerspace. Prior to the 

interviews, the interviewees individually consented to take part. The consent procedure 

involved that all interviewees were informed about the research aims, the data protection 

policy, and the use of anonymized quotations in research publications. The interviews 

were audio-recorded and lasted between 45 minutes and 2.5 hours.  

Alias Age of 

makerspace 

(years) 

Types of activities 

conducted in the 

makerspace 

Type of 

makerspace 

Interview 

length 

(minutes) 

Interview 

medium 

L1 3 Formal, informal Multi-room 101 Face-to-

face 

L2 2 Formal, informal Multi-room 155 Face-to-

face 

L3 1 Formal, non-formal, 

informal 

Multi-room 70 Phone 

L4 3 Formal, non-formal, 

informal 

Multi-room 81 Face-to-

face 

L5 4 Formal, non-formal, 

informal 

Single-room 62 Face-to-

face 

L6 2 Formal, non-formal, 

informal 

Multi-room 63 Phone 

L7 1 Formal Single-room 50 Face-to-

face 

L8 2 Formal, non-formal, 

informal 

Multi-room 127 Face-to-

face 

L9 2 Formal, informal Single-room 72 Face-to-

face 

L10 2 Formal, informal Single-room 94 Face-to-

face 

L11 2 Non-formal Single-room 73 Face-to-

face 

L12 1 Non-formal Pop-up 62 Face-to-

face 

L13 1 Non-formal, informal Single-room 59 Face-to-

face 

L14 1 Formal, non-formal Pop-up 60 Phone 

Table 1. Data material 
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All practitioners were interviewed about the objectives of the makerspace, the 

organization of its activities, and the kinds of activities conducted. We asked the 

practitioners to describe how the different learning activities were organized, who 

attended them, and what objectives they served. 

Data analysis 

The interviews were transcribed and analyzed in NVivo 12. L14 is an exception because 

the transcription took place during the interview due to a dysfunctional recorder. To avoid 

misunderstandings in the transcript of L14, this transcript was sent to the interviewee for 

acceptance. The data material was coded by the first author in a process interspersed with 

regular discussions among both authors about the direction and interim results of the 

coding.  

In the analysis, the data were coded in three rounds. The first round of coding was guided 

by activity theory and consisted of coding the data from each makerspace for the elements 

in the activity system [39]. These elements were activities, objectives, roles, rules, tools, 

users, and community relations. In this precursory analysis, we focused on getting an 

initial understanding and overview of the data. The main outcome of this first round of 

coding was that it revealed the importance of the division of the makerspace activities 

into formal, non-formal, and informal learning activities.  

Second, the data were coded for patterns specific to formal, non-formal, and informal 

learning activities. This analysis started by marking up the transcript passages about 

formal, non-formal, and informal activities (see Table 2 for definitions). These passages 

tended to be long because the interviewees described multiple aspects of the activities. 

The activities found were subject to pattern coding [40] that revealed distinct patterns in  

how learning was scaffolded. A total of seven scaffolding approaches were identified in 

this way. Each scaffolding approach represented a grouping of activities with a distinctive 

logic for constraining action and fading the constraints to drive the particular group of 

people participating in the activity toward its objective. The seven scaffolding approaches 

are the main result of this study and described in the next section. 

Third, we examined the data for the objectives pursued, techniques used, and barriers 

encountered (see Table 2 for definitions). This coding served to add further detail to the 

descriptions of the seven scaffolding approaches. It also provided the basis for a matrix 

analysis of which objectives, techniques, and barriers that occurred in formal, non-formal, 
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and informal learning activities (see Table 3). Finally, relevant quotes were translated 

from Danish to English for presentation in the next section. 

Coding category Coding criteria Total 

number of 

codes 

Spread of 

codes 

(number of 

makerspaces) 

Formal activities Activities that involve an educational institution 

such as a primary school, secondary school, special 

school, high school, or university. The objective is 

defined by the educational institution and library.  

92 13 

Non-formal 

activities 

Activities that are open to the public but are pre-

planned, scheduled, and promoted. These activities 

take place during a limited period of time. The 

objective is defined by the library.  

85 14 

Informal 

activities 

Recurring activities or activities that allow users to 

attend the makerspace and use its tools for individual 

purposes. The objective is defined by the individual 

user. 

115 14 

Learning 

objective 

The learning objective, or purpose, the practitioners 

aim to accomplish by scaffolding the users’ 

activities.  

109 14 

Scaffolding 

technique 

Techniques the practitioners use to facilitate 

learning in the makerspace. These techniques can be 

interpersonal communication, designing the flow of 

the activity, and selecting the materials.  

122 13 

Scaffolding 

barrier 

Challenges, mentioned by practitioners, to the 

progress of learning. Barriers can relate to the 

specific technique, the type of activity, or to specific 

users. Challenges concerning the coordination 

among staff and the acquisition of materials are not 

considered scaffolding barriers. 

67 14 

Table 2. Coding Scheme 

Results 

To give an up-front overview of the results, Table 3 summarizes the results of our 

analysis, which led to the identification of seven scaffolding approaches in formal, non-

formal, and informal learning activities. In the following, we examine the seven 

scaffolding approaches in detail.  
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 Formal Non-formal Informal 

Conditions 

for 

scaffolding 

Mandatory 

Pre-planned 

Objective defined with 

school 

Discretionary 

Pre-planned 

Objective defined by 

library 

Discretionary 

Not planned 

Objective defined by users 

Approaches 

to 

scaffolding 

Tool-driven (4) 

Topic-driven (3) 

Project-driven (4) 

Object-driven (10) 

Tool-driven (4) 

Self-driven (8) 

Community-driven (6) 

Scaffolding 

techniques 

Activity design 

Material selection 

Building on existing 

knowledge 

Exercises 

Instruction 

Peer-to-peer guidance 

Public presentations 

Activity design 

Building on existing 

relations 

Material selection 

Competition 

Peer-to-peer guidance 

 

Recurring meetings 

Formal rules of access and 

use 

Peer-to-peer guidance 

Collaboration with actors 

in the community 

Learning 

objectives 

Technical competence 

Design process 

Topics and concepts 

 

Technical competence 

Design process 

Social relations and 

dialogue 

Social relations 

Participation in the local 

community 

Technical competence 

Barriers School collaboration 

Customization 

Little time for design 

process 

Self-directedness 

Inclusion 

Table 3. Overview of scaffolding approaches in formal, non-formal, and informal learning. The 

numbers indicate how many makerspaces that employ the scaffolding approach.  

Formal Learning Activities  

The formal learning activities are collaborations between the library and formal 

educational institutions. The activities are mandatory for the pupils and pre-defined in 

their duration, tools, materials, and learning objectives. The practitioners find that formal 

learning activities support “reaching people that otherwise wouldn’t come here” (L4), 

help schools that are “not ahead of the curve” (L14), and help teachers under “significant 

[time] pressure” (L1) bring new tools into their classrooms. The practitioners also 

emphasize that a library makerspace provides a different “social arena” (L10) for 

learning less measurable skills: “No child should come here to cram programming. [..] 

Schools teach children programming by setting up goals, measuring effectiveness in tests, 

and such things. Here our focus is on the passion-driven – on how you open up for your 

creativity and your passion to create something” (L5). While such an environment can 

be a source of noise and distraction, it also provides students with opportunities to 
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improve their technical, practical, collaborative, and reflective skills as well as to develop 

their interest in making. In our interviews, we found that formal learning activities can be 

tool-driven, topic-driven, and project-driven.  

In the tool-driven scaffolding approach, the activity is designed for pupils to acquire the 

technical skills to operate the tools in the makerspace. The activity tends to be structured 

around detailed instructions. The practitioners begin with lectures and exercises and then 

allow more room for tinkering and playing with the tools: “Usually, we instruct them in 

driving [robots] forwards, backwards, control speed, and stop. They learn this quickly 

and thereafter they continue making” (L14). A similar activity design is found in a two-

day course that introduces students to the machinery and methods in the makerspace, 

specifically entry-level programming. On the first day, students are introduced to 

programming and the micro:bit technology through lectures, and they learn to program a 

simple, digital dice. On the second day, the students work on exercises where they apply 

their newly developed technical skills to produce a personalized digital watch decorated 

with a laser-cut frame and a self-made strap. The watch is theirs; they can bring it home 

and wear it at school. While the scaffolds fade as these activities progress, it is only to a 

limited extent because the objects produced and techniques used are predefined. The 

lectures on the first day aim to teach the students how to use the makerspace tools.  

In the topic-driven scaffolding approach, the objective is to use maker tools and materials 

to experience a topic in a new way. The topics are selected in collaboration with teachers 

and may for example be a book or a concept. The topic-driven activities combine 

traditional classroom teaching with makerspace activities. A school librarian, or the 

teacher, facilitates a discussion about the topic of the book and the author’s background. 

Then, the students produce scenes or characters from the book: "It is typically in Danish 

classes where the class has been working with a book. Then they come here and build 

some scenes [..] Some made fire with a fan, so it looked like flames" (L8). Another 

practitioner contends that this approach gives the students a “tactile experience” of the 

topic and make them reflect collaboratively on their mental images of specific things in 

the book: “There is drama when third graders need to agree on what to put on the 

poster[..] When working with others, you need to make compromises, sometimes kill your 

darlings, and accept that everyone must have a say” (L10). Like the tool-driven approach, 

the topic-driven approach has pre-designed trajectories that combine lectures and group 

exercises. In this case, however, it is the building of a scene that motivates the activity. 
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The choice of materials and technologies is restricted but it is up to the groups what they 

construct and how the materials are combined. This type of activity scaffolds a learning 

process that focuses on the students’ reflection and negotiation of their images of 

literature. In using the makerspace tools to materialize their ideas, the students acquire 

technical skills, but the focus remains on the topic and process. 

The project-driven scaffolding approach unfolds in longer-term collaborations between a 

school and a library. These projects often strive to produce something of value to the local 

community. Projects mentioned by the practitioners include students making signs for the 

local community (L3), coat hooks for the library space (L5), an escape room available for 

library users (L10), and solutions for a sustainable future (L4). For example, in L4, high-

school students spend several months working on projects relevant to the UN agenda of 

sustainable development goals. Supported by teaching in innovation processes, the 

students define a problem, access technologies and expertise in the library makerspace, 

and devise a ‘solution’. Finally, the students present their solutions at a local fair, hosted 

by the library in collaboration with the high school and a local university. In the project-

driven approach, the learning objective centers around devising a design that is relevant 

for the local community. With that aim, students need to understand project-specific 

challenges, such as the social and technical challenges of energy consumption or the 

specific puzzle design for the escape room. In comparison to the tool-driven and topic-

driven approaches, the library has less of an educational role of teaching and planning 

exercises. Instead, the library scaffolds the activity by assisting the individual projects 

and organizing the event for the final presentations. 

The topic-driven and project-driven approaches benefit from designing the activity in 

collaboration with a teacher to meet educational goals. The tradeoff, however, is that it 

requires significant effort to plan and conduct these activities. Especially for projects, one 

practitioner explains: “We make eight-month or six-week long projects so we simply can’t 

reach all schools. Instead, we make big things and we get students who become proficient 

in using it [i.e., the makerspace and its tools]” (L10). In contrast, tool-driven activities 

are designed by the makerspace and provided as a service to introduce students to the 

machinery in the makerspace and develop their technical skills.  
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Non-formal Learning Activities  

Non-formal learning activities are discretionary activities that are pre-planned by the 

makerspace staff. The practitioners acknowledge that access to tools is not sufficient: 

”You could think that now the doors are open and then everyone will come. But no. People 

don’t. It requires a lot” (L4). It requires scaffolding. The non-formal activities are open 

to the public but target a specific group, mostly children and families during weekends 

and holidays or adults and parents during evenings. The activities serve to increase the 

visibility of the makerspace and, thereby, recruit users for the informal makerspace 

activities. We find that non-formal activities are scaffolded in object-driven and tool-

driven ways.  

The object-driven scaffolding approach aims to engage users in producing specific 

objects, such as 3D-printed jewelry, lamps, games, or robotics. The activities mostly have 

no formal requirements for participation and allow users to drop in as they wish. 

Normally, the activities do not have a strong temporal structure. Instead, they are 

structured around selected tools and materials and a pre-set objective (e.g., to produce a 

lamp). After a brief introduction to the selected tools and materials, the activities depend 

on the users’ curiosity and readiness to engage themselves: “You get a brief introduction 

and thereafter you play with it yourself. In these activities, it is play and curiosity that 

drive it” (L3). For example, the users build ball mazes, test the air resistance of objects in 

a wind tunnel, or participate in Hebocon competitions. Hebocon is mentioned by several 

practitioners. It consists of building a robot with a battery pack, a hobby motor, and 

materials such as cardboard, garbage, or old toys. The object-driven activities are 

designed to trigger engagement. One practitioner argues that the activity centers around 

“a quick experience of success that makes you want to build more” (L11), while another 

stresses the social connection between parent and child: “What often happens is that the 

children are engaged in the beginning and, at some point, everything takes a turn toward 

- you can build yours and dad will build his. It's so funny (laughs)" (L8). Though the 

collaboration sometimes breaks down, it is in most cases an engaging, social, and 

collaborative activity in which the parent scaffolds the child’s activities.  

In contrast, the tool-driven scaffolding approach is less about the produced object and 

more about building technical skills. For example, one library divides their activities 

between object-driven activities and “Go to tech” activities, which are tool-driven. Go-

to-tech is “an activity where you sign up for a trajectory that runs over a period, 
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sometimes four sessions. It was organized on Thursdays and you learned to 3D-print, use 

the folie cutter, or something else” (L6). In some makerspaces, the tool-driven activities 

are a means for adults to become certified in operating the machinery in the makerspace. 

However, 3D-printing is challenging to teach in an afternoon “[...] simply because it is 

impossible. The technology is too slow”. Instead, the focus is on explaining the 

possibilities and limitations of the technology: “Oftentimes, people have unrealistic 

expectations about what these 3D-printers can do. It is about killing those ideas [...] So 

it is mostly about communication” (L13). These workshops introduce technologies in the 

makerspace and provide a background for engaging in conversations about them.  

The benefits of non-formal activities are that they ensure low barriers of entry by taking 

place in a limited period of time, having no formal requirements for participation, and 

being confined to the tools and materials made available. These conditions can spark 

interest in the tools and methods in the makerspace and build initial competences for 

subsequent informal uses of the makerspace. Nonetheless, as one practitioner argues, 

“There is not much process in it” (L8). The brief duration of the non-formal activities 

allows little room for exploration, tinkering, and creativity. Some libraries try to 

circumvent this barrier by lending toolkits to users for exploration at home or by 

promoting the informal use of the makerspace. In that way, non-formal activities initiate 

engagement and serve as scaffolds for subsequent informal uses of the tools – in the 

makerspace or at home. 

Informal Learning Activities  

The informal makerspace activities are unsupervised. During these activities, the 

makerspace tools are used for self-directed projects. To participate in informal activities, 

the users must be able to develop ideas and operate the tools. In addition, they must 

comply with the formal rules of the makerspace, such as the limitation to “make 

prototypes only” (L4) and the payment for materials. Informal activities unfold in self-

driven and community-driven ways.  

The self-driven activities are uses of the tools in the makerspace with the objective of 

making individually defined objects. Some libraries scaffold these activities by requiring 

that users schedule their use through a booking system, which makes it possible for the 

practitioner to schedule time for helping users to get started. In one makerspace, the self-

directed activities included a "mother making wall stickers for her children's room”, “a 
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graphic designer printing a large-scale poster”, “a family making textile prints”, “a man 

making t-shirts for himself and his friend to wear at their motorcycle club”, and “two girls 

decorating t-shirts for a school presentation on prejudice” (L8). These activities show 

that the users, individually and in groups, use the makerspace tools to produce objects 

that satisfy their individual needs and desires. 

Users in community-driven activities also work on their individual projects but in the 

presence of others. One practitioner, for instance, explains that they organize their 

activities around a weekly Open Lab: “There are no learning objectives. People just show 

up with their projects and help each other” (L5). In spite of the informal character of 

these activities, the practitioner stresses the importance of scaffolding them by providing 

help when needed: “We prefer that there are at most six people but even with six people 

we are already dependent on them to help each other a bit. Sometimes there are too many 

and we can’t help all of them” (L5). In other words, new users need a great deal of support 

to understand the steps in the process, operate the tools, and adapt to the technical jargon. 

Compared to self-directed activities, community-driven activities provide opportunities 

for peers to help each other and for diverse users to meet: “Cool situations started 

emerging, such as an elderly man helping some boys who were trying to repair a bike: 

‘Now, let me show you’. So, we have experienced educational situations and meetings 

between generations, ethnicities, and cultures around making” (L9). In other words, 

users learn new skills while meeting diverse people in their local community.  

The community-driven activities occur on a weekly basis, thereby providing continuity 

and an opportunity to build relations between the library and different users. For instance, 

one practitioner explains that they continuously scout for super users: “We keep an open 

eye for people in the makerspace. If someone has a good technical level and understands 

the machines and is here often… When they show that they can help others and are willing 

to do so, then we ask them to become super users” (L3). The super users have extended 

access to the makerspace but also share in the responsibility for including new users, 

passing on knowledge, encouraging others to share, maintaining the machinery, and 

developing the makerspace. In the makerspaces with strong communities, users plan field 

excursions and presentations for one another. Some makerspaces also serve preexisting 

groups in their community. For instance, Coding Pirates is an national NGO that 

organizes weekly gatherings for children and youngsters interested in coding. Here, the 

primary role of the library is to grant Coding Pirates access to the makerspace.  
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The informal activities provide conditions for users to conduct projects, meet others, share 

ideas, and develop social relations. But there are barriers to overcome. First, self-

directedness is a challenge for some users. One practitioner argues: "Not everyone can 

manage self-initiation and, if not, you don’t really fit in here”. To participate in informal 

activities, users need to have an idea as well as to have the technical skills to use, or learn, 

the tools necessary to materialize their idea. Though makerspaces can help users get 

started, there often is little help for users who do not have a specific project in mind when 

they enter the informal space. Second, the communities can become homogeneous and, 

thereby, appear to be only for a particular group of people. For instance, one community 

consists primarily of elderly men and others primarily of children. One practitioner 

explains that community ownership and self-organization can happen at the expense of 

inclusion: "It's really positive that someone takes ownership, but they must not feel that 

they own the place. We'd like to continue having open doors so everyone can feel they are 

welcome and that it's not a closed club". That is, too much ownership by regular users 

may raise social barriers for new users. Additionally, he argues, it is the responsibility of 

the library to ensure that the communities are inclusive. 

Discussion 

There are four main results of this study. The first is the seven scaffolding approaches 

described in the previous section. The three others are challenges in scaffolding the 

learning in library makerspaces, namely that skill progression is poorly scaffolded, that 

multiple skills need scaffolding, and that communities appropriate spaces. In the 

following, we discuss these three challenges. 

Limited scaffolds for skill progression 

While the formal and non-formal activities in the makerspaces introduce users with few 

prerequisites to making, the informal activities provide a hub for communities of 

experienced users. In this way, the makerspaces scaffold activities for users at opposite 

ends of the learning spectrum – the novices who are addressed in short-term activities 

with accessible tools and materials [4,36] and the experts who are self-driven and rely on 

peer-to-peer assistance for support [21]. However, the makerspaces provide limited 

scaffolds for progressing from novice toward expert. After completing introductory 

courses or workshops, the novice users merely have unclear paths to follow and, thereby, 
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limited possibilities for reaching deep levels of learning. These limited possibilities stand 

in contrast to statements about how makerspaces are a way to “acquire 21st century skills” 

[41], “express creative and communal drive” [18] and “change the world” [1]. 

We see three reasons for the limited scaffolding of skill progression. First, progression 

requires sustained commitment from the users. This commitment is difficult to foster, and 

the makerspaces have no activities that demand it because they struggle to engage users, 

including schools, for longer periods. Instead, the makerspaces do their best to ensure that 

their activities are accessible and fun for newcomers and discretionary users. In the 

absence of continued participation over longer periods of time, it is difficult for the 

makerspace practitioners to plan for progression. As a result, the practitioners succeed in 

providing low thresholds and high ceilings within the individual activity, but largely fail 

to scaffold learning and progression beyond the activity. 

Second, none of the practitioners mention scaffolds that support users in defining projects 

or planning maker processes. On the contrary, the users are met with pluggable 

components and catalogues of exercises until they, suddenly, are met with the expectation 

of being self-driven in defining and managing their projects. The absence of scaffolds for 

defining and managing meaningful projects complicates the transition from the formal 

and non-formal activities to the informal activities. That is, it complicates the transition 

from the activities geared toward novice users to those geared toward experienced users. 

This complication is related to the ‘keychain syndrome’ [17], which denotes that it 

eventually becomes uninteresting for users to produce objects of little value and 

reproduce the same objects over again. If users do not see a path for expanding their 

learning and activities beyond such objects, they will lose interest in making. 

Third, the skill-acquisition model by Dreyfus and Dreyfus [42] makes it apparent that 

different scaffolds are needed to facilitate progression in the users’ learning depending 

on their current skill level. The five levels in the model have distinctive qualities that call 

for scaffolds specific to the levels. For example, the first three skill levels are analytic and 

call for scaffolds that conform with analytic thinking. At the novice level, this may 

include instruction and exercises. In contrast, the expert has an intuitive grasp of the 

problem; scaffolds that insist on analytic thinking will block users from reaching this 

level. In contrast to the five levels in the model, the makerspace practitioners appear 

simply to distinguish between novice and experienced users, thereby risking that the 

scaffolds fade too abruptly. In addition, a user likely has the multiple skills required for 



 

 

18 

an activity to different extents. Such a mix of skill levels further complicates the task of 

providing relevant scaffolds. 

Multiple skills need scaffolding 

Making is a heterogeneous activity that requires multiple skills [17,19]. The scaffolding 

approaches aim to support users in acquiring this skill set, but they assign primacy to 

different skills by being community-driven, object-driven, project-driven, self-driven, 

tool-driven, or topic-driven. Hertzum [43] proposes a simple four-question method for 

supporting student designers. It gives emphasis to four skills by contending that design – 

and making – involves grappling with these four questions: 

• What is the problem? And for whom? 

• What technologies are available as building blocks? 

• How can the change/design be accomplished? 

• What is the solution? 

Each question targets a different element of making. While the first question is about 

analysis, the second is about construction. The two last questions are about the process 

and vision elements of making, respectively. At the same time, the four questions are 

interrelated; answering any one of them also contributes to answering the others.  

The formal and non-formal activities scaffold learning by freezing the answers to several 

of the four questions. For example, the formal, tool-driven scaffolding approach tends to 

specify what the problem is (e.g., you need a fancy wrist watch), which tools to use (e.g., 

a laser cutter), and what the solution is (e.g., a watch with a laser-cut frame). The users 

merely need to follow the instructions for how to make the watch. This approach is well-

suited for novice users but mostly focuses on increasing their knowledge of available 

tools (the second question) and training their process skills (the third question). Within 

the formal and non-formal activities, it is only the project-driven scaffolding approach 

that relies on the users’ analysis skills. The other approaches tend to specify what the 

problem is, and for whom, or to bypass this question by specifying up front what solution 

to make. The scaffolding of the informal activities is different. It does not pre-specify the 

answers to any of the four questions, except through the size of the tool package held by 

the makerspace. Specifically, the users in the self-driven activities are expected to have 

the necessary analysis and vision skills, while they can get some assistance with 
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construction and process issues. In the community-driven scaffolding approach, most of 

this assistance is peer-to-peer guidance. 

It is central to all the scaffolding approaches that assistance is available through 

interpersonal interactions with staff and peers. Prior makerspace research has shown that 

such interpersonal scaffolds help prompt critical reflection [23] and help users in 

persisting through frustration [24]. Conversations with instructors and peers may solve 

an immediate instrumental problem, but they also serve “an internal mental function” 

[24] in organizing thought. For example, non-formal activities for children and their 

parents rely on help from the parent, but also support the building of a common language 

between parent and child. Subsequently, this common language can scaffold other 

conversations about technology. 

Communities appropriate spaces 

Consistent with prior research [21], we find that interpersonal communication may create 

communities that appear closed to newcomers and, thus, constitute a barrier to entry. 

Closed communities are mainly a challenge in informal activities. The practitioners have 

a central role in ensuring that the communities stay inclusive and open to new users. At 

the same time, the makerspaces are eager to attract and sustain community-driven 

activities because they are more collaborative than the other makerspace activities. 

Relatedly, Katterfeldt et al. [44] find that maker kits with pluggable components help 

students conduct satisfying projects but also that the kits do not facilitate collaboration 

well. Sentance et al. [45] report similar challenges with implementing the micro:bit maker 

kit in education. While maker kits provide low barriers to entry, they have a distinct 

individual component; other scaffolds are needed to incorporate this component in a 

collaborative activity. 

It is by meeting on a weekly basis that the communities provide the conditions for 

developing interpersonal relations and taking on challenging projects. Over time, the 

communities become more closely knit, better able to provide peer-to-peer assistance, 

and more valuable forums for socializing. In so doing, they also appropriate the space, 

for example through their increasingly implicit ways of interacting and their increasing 

sense of ownership of the space. Annett et al. [46] describe how community members, 

contrary to makerspace rules, stake claim to machinery by blocking it with their 

unfinished constructions, leaving their backpacks in front of it, or using other visual cues. 
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These cues exemplify their desire to control the space and secure their access to the 

machinery.  

In our data, it is apparent that a dedicated room (or multiple rooms) for the makerspace 

is a better scaffold for community-driven activities than an open space within the library. 

While an open space provides for better integration with other library activities, it 

discourages community-driven makerspace activities because it provides few 

possibilities for appropriating the space. For communities to form, it appears that they 

need a space they can turn into their place [47]. To scaffold community-driven activities, 

libraries must provide such a space and accept that it is a continual effort to balance 

community claims to the space against openness to newcomers. 

Limitations 

Two limitations should be remembered in interpreting and using the results of this study. 

First, the results reflect the Danish context in which the study is conducted. We contend 

that the study covers Danish library makerspaces well, but further work is required to 

establish whether the results generalize beyond the Danish context. Different results must 

especially be expected in countries where libraries have a different role in the local 

community, such as countries with different traditions for collaboration between libraries 

and schools. Second, this study analyzes makerspace practitioners’ perspective on how 

they scaffold learning in library makerspaces. We acknowledge that the voices of the 

students and other users of the makerspaces are not included in this study. In our ongoing 

work, we shift the focus to the makerspace users to investigate how they  experience and 

appropriate the provided scaffolds. 

Conclusion 

In this paper, we have examined how learning is scaffolded in library makerspaces. 

Through interviews with practitioners in fourteen libraries, we have examined scaffolds 

in formal educational activities, non-formal recreational events, and informal gatherings. 

The contribution of this paper is its analysis of seven scaffolding approaches and its 

discussion of three challenges that constrain the progression of learning. While 

makerspaces aim to support 21st century skills, creative expression, and change in the 

world, we find limitations in the scaffolds for realizing these objectives. The practitioners 

largely fail to scaffold the progression from novice toward higher skill levels, and they 
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tend to scaffold the acquisition of technical skills rather than skills in defining meaningful 

projects. Finally, communities support sustained learning but struggle to balance 

community claims to the space against openness to newcomers.  
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Abstract. As the novelty of makerspaces in libraries slowly is fading, this study 

sets out to uncover how participation, expertise and embeddedness in the library 

organization and surrounding community is sustained in library makerspaces. 

Based on interviews with makerspace practitioners in thirteen Danish libraries, 

practices of maintaining, scaling, replicating and evolving library makerspaces are 

analyzed. The findings propose a variety of practices and tensions concerning 

sharing of ownership with user communities, scaling and prolonging users’ 

participation, building expertise by documentation, repetition and sharing, 

collaborating with local community partners and embedding makerspace practices 

into existing library practices, resources and values. The results inform a discussion 

of participation, expertise and embeddedness that is distilled into three guiding 

principles that can help libraries reflect and address the sustainability of their 

makerspace in the long run.  

Introduction 

Libraries, among other cultural institutions, have implemented makerspaces for almost a 

decade now. This development supports that tools such as 3D-printing, laser cutting, 

electronics and robotics are not only available for technical university students, engineers 

at private companies or members in closed computer clubs. Instead, citizens with little 

prior experience can access, use and learn digital fabrication tools and eventually make 

'almost anything' (Gershenfeld, 2012). While makerspaces have spread to libraries across 

the world (Born, Henkel, and Mainka 2018) to support learning (Li and Todd 2019; 

Halverson, Lakind, and Willett 2017; Bowler and Champagne 2016), attract and serve 

new groups of users and communities (Slatter and Howard 2013) and keep up with the 

pace of the times (Slatter and Howard 2013; Willett 2016; Born, Henkel, and Mainka 

2018), the novelty is slowly fading. Consequently, makerspace activities do not only 

emerge. Over time makerspaces turn into routine-based practices and integrated library 

services that are expected to systematically deliver value to the library, its users and the 

surrounding community.  
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Whereas the benefits of library makerspaces are described in prior research, this study 

sets out to explore the ways library makerspaces sustain practices and benefits beyond 

implementation, activity design and spatial design. Based on interviews with practitioners 

in thirteen library makerspaces, this paper examines how participation, expertise and 

embeddedness in the library and the surrounding community are sustained in library 

makerspaces. In this study, makerspaces are considered as participatory initiatives 

(Iversen and Dindler 2014) that inform analysis of practices to maintain, scale, replicate 

and evolve library makerspaces. Participation, expertise and embeddedness is discussed 

and distilled into three guiding principles for sustainable library makerspaces.  

Literature review 

Makerspaces in Libraries 

Historically, libraries have evolved with the given information technologies of their 

times. Bennet (2009) demonstrates this development by studying library architecture. 

Originally libraries had modest collections of books while the design centered around 

reading rooms, offices and lecturing halls. The main principle for design was uniting 

readers and books. As book collections grew in the 1900s, books replaced the reading 

rooms, and libraries were increasingly designed as databases for efficient information 

storage. Currently, as books become digitized and information is superabundant, the 

library space is increasingly designated for computers, classrooms and cafés. Spaces for 

meeting, learning and constructing are placed in the heart of libraries to support 

interactions between diverse people in the community (Audunson 2005) and, ultimately, 

individual and collaborative learning experiences. The recent re-orientation has been 

described as a performative turn where users take an active role in contributing to library 

services through participatory initiatives such as co-creative and user-driven activities 

(Hvenegaard Rasmussen 2016; Jochumsen, Skot-Hansen, and Hvenegaard Rasmussen 

2017).  

Makerspaces are one approach to operationalize participatory initiatives in “[..] a center 

or workplace where like-minded people get together to make things” (Hatch 2014, 13). 

Makerspaces consist of combinations of tools and guidance for 3D-printing, laser cutting, 

electronics, woodworking and creative materials that users can gather around, learn, share 

experiences and make novel products.  
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Libraries are not the only public institution to implement makerspaces. Schools 

implement makerspaces to support constructivists and project-based learning (Blikstein 

2013; Halverson and Sheridan 2014) and critical reflection on technology (Iversen, 

Smith, and Dindler 2018). Museums apply makerspaces to engage children and families 

in construction (Sheridan et al. 2014) and communal adult-oriented makerspaces facilitate 

a community of practice of experienced users (Sheridan et al. 2014; Dreessen and 

Schepers 2018; Taylor, Hurley, and Connolly 2016). While the size, shape and position 

of library makerspaces vary much (Caso and Kuijper 2019), library makerspaces have 

common objectives. They support the learning of their peers, attract new and diverse users 

to the library, support and build communities and responds to changing conditions in the 

library use (Slatter and Howard 2013; Willett 2016; Born, Henkel, and Mainka 2018). 

Compared to the other makerspaces, library makerspaces do not have a pre-defined target 

group, but rather serve to provide equitable access to tools and information for users at 

different ages, experience levels and conditions for participating.  

Studies of maker activities argue for several qualities. Li and Todd (2019) show that 

makerspaces can provide youngsters with opportunities for making, acquiring STEM 

knowledge, building friendships and pursuing their individual interests (Li and Todd 

2019). Brady et al. (2014) also show that libraries can conduct accessible learning 

activities for users that otherwise are neglected in technology-construction. Einarsson and 

Hertzum (2019) argue that maker activities in libraries support formal educational, non-

formal event-based activities and informal uses that have different conditions for learning. 

For example, formal educational trajectories and event-based activities scaffold 

acquisition of technical competence, reflection on content or engagement in the activity. 

Informal activities, instead, scaffold project-specific and community-oriented objectives 

that require a great deal of self-directedness from their users.  

Sustaining makerspaces 

While well-designed spaces and activities are important for makerspaces to deliver value, 

sustainability concerns making benefits and practices durable over time (Poderi and 

Dittrich 2018). Prior research in library makerspaces have discussed organizational 

aspects, such as staff competences, organizational embeddedness and community 

involvement. It is argued that facilitating, learning, adapting, collaborating, making allies, 

ensuring managerial back-up and re-using existing resources are central skills to be 
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successful employees in a library makerspace (Slatter & Howard 2013; Koh & Abbas 

2015). In addition, Oliver (2016) suggests that sustainability concerns strategies to 

“attract participants, community volunteers and expertise, and donations of supplies and 

cash” (Oliver 2016, 213). In other words, the prior research reflects that sustaining a 

makerspace includes a wide range of factors, such as managerial and financial support, 

staff expertise, user participation and integration in the library and surrounding 

community.  

In participatory design, making benefits of participatory initiatives last has been a 

challenge since the first projects in the 1970s (Kensing and Greenbaum 2013). Similar to 

library makerspaces, participatory design is a field that aims to include users in 

technology design, support mutual learning between participants and empower users to 

affect technology design (Robertson and Simonsen 2012, 2). In this field, makerspaces 

are commonly viewed as infrastructures that sustain the participation of a community by 

situating the activity of making (Dreessen and Schepers 2018; Seravalli 2018). That 

denotes a view on participatory processes beyond implementation projects towards the 

configurations, adaptations and appropriations that take place in practice (Bjögvinsson, 

Ehn, and Hillgren 2012). Iversen and Dindler (2014) propose four ideal types to sustain 

the benefits and practices of participatory initiatives over time:  

• Maintaining: The idea, technology or practice remains stable in the context.  

• Scaling: The idea, technology or practice remains but is expanded to new groups 

or organizations.  

• Replicating: The idea, technology or practice is the same but is reused in another 

setting. 

• Evolving: The idea, technology or practice changes or acts as a catalyst for change 

elsewhere in the context.  

Although library makerspaces in many cases are not initiated in a participatory design 

process, they share similar objectives and practices. For example, by making technology 

design more accessible, developing citizen capacity to reflect and act on contemporary 

technology and staging mutual learning processes between the library and its users. For 

this research, Iversen & Dindler’s (2014) framework is a helpful analytical tool to 

examine practices and initiatives to sustain participation, build expertise and integrate the 

makerspace in the library and the surrounding community that can strengthen practices 
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and prolong the benefits in the long run. Practices for sustainability are especially 

interesting, as it directs focus away from the “disruptive” and “transformational” aspect 

of library makerspaces that is a tendency in the common discourse (Willett 2016). Instead, 

it directs attention to ways that activities in makerspaces transform into everyday 

operations over time (Bertelsen and Bødker 2003) and integrate into the already existing 

cultural-historical system of activities (Kuutti 1996; Engström 1987). 

Methods 

This study examines practices for sustaining library makerspaces through the meta-

theoretical framework of cultural-historical activity theory (Engström 1987), semi-

structured interviews (Blandford 2013) and data analysis of activity systems and 

sustainable participatory initiatives (Dindler & Iversen 2014).   

Meta-theoretical framework - Cultural-historical activity theory 

Activity theory is a framework to analyze “[..] human practices as developmental 

processes, both individual and social levels interlinked at the same time” (Kuutti 1996). 

Activity theory addresses the dialogical process between the individual learning and 

development, on the one hand, and the social, cultural and historical environment on the 

other. Activities are object-oriented and tool-mediated actions that are performed in a 

cultural-historical system of rules, communities and division of labor (Engström 1987). 

When activities are performed over time, they become less reflective actions and 

eventually operations (Bertelsen and Bødker 2003; Leontyev 1977). However, as tensions 

arise, operations are reconsidered and the system of activities adapts (Engström 1987). 

For this research, cultural-historical activity theory is integrated in interview questions 

and data analysis that guides attention to three important interlinked aspects; 1) the 

practitioners work to sustain existing activity systems in their library makerspace, 2) 

practices and initiatives of integrating the makerspace in existing cultural-historical 

developed values, resources and practices in libraries and 3) detect tensions and 

adaptation that can inform development towards more sustainable models of library 

makerspaces in the long run.  
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Data collection 

This study builds on data collected through semi-structured interviews (Blandford 2013) 

in thirteen Danish libraries. Library makerspace practitioners were recruited based on an 

initial mapping of all library makerspaces in Denmark. In total, twenty-three makerspaces 

with regular makerspaces were identified. From this list, fifteen makerspaces were invited 

for an interview. The libraries were selected to represent diversity in size of the space and 

geographic location in Denmark. In the invitation to the interview, it was stated that the 

interview both concerned practices for facilitating activities and organizing the space. 

Therefore, the interviewed practitioners were experienced in coordinating and facilitating 

in the makerspace. In addition, to narrow the scope on practices for sustaining library 

makerspaces, only makerspaces with regular activities and dedicated staff resources were 

included in the analysis. Two makerspaces were excluded from the analysis, because they 

did not meet these criteria. All regions in Denmark are represented and span urban, 

intermediate and rural municipalities. 

  Participants Size of 

space 

Makerspace 

age in years 

Practitioner’s 

experience in years 

Interview  

Length 

Interview 

type 

L1 Facilitator Medium 4 4 1h02min Face-to-

face 

L2 Manager 

Facilitator 

Large 3 3 

3 

 1h21min Face-to-

face 

L3 Coordinator 

Library manager 

Large 3 3 

3 

 1h41min Face-to-

face 

L4 Coordinator Large 2 3  1h03min Phone 

L5 Coordinator 

Facilitator 

Large 2 2 

2 

 2h35min Face-to-

face 

L6 Coordinator Medium 2 3  1h13min Face-to-

face 

L7 Coordinator Medium 2 5  1h11min Face-to-

face 

L8 Coordinator Medium 1 1  2h07min Face-to-

face 

L9 Coordinator 

Facilitator 

Large 1 2 

1 

 1h10min Phone 

L10 Coordinator Medium 1 6  1h34min Face-to-

face 

L11 Facilitator Small 1 1  59min Face-to-

face 

L12 Facilitator Small 0,5 4  1h02min Face-to-

face 

L13 Coordinator 

Facilitator 

Small 2 2 

2 

 1h Phone 

Table 1. Data material 

The library makerspaces included are three small makerspaces, five medium-size spaces 

and five large-scale makerspaces. Small makerspaces have tools such as electronics 
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stored in lockers, that can be brought out for specific activities. Medium size spaces have 

more advanced tools such as 3D-printers and a vinyl cutter. Medium-size spaces have a 

designated area that can be a separate room or an open space in the library. Large 

makerspaces have multiple rooms and advanced tools such as laser cutters, CNC-mills 

and power tools.  

The data was gathered through semi-structured interviews (Blandford 2013). Ten 

interviews were conducted face-to-face in the makerspace and three by phone. In each 

interview, practitioners were asked about the activity system (Engström 1987) in their 

makerspace. The interview guide covered background information on practitioners’ 

experience, development of the makerspace over time, objectives and reasons for the 

makerspace, division of labor in the space, attachment to local communities and library 

organization, spatial configurations and tools in the space, rules for accessing and using 

the tools, activities that take place in the makerspace and who uses it.  

Data analysis 

All interviews, except L13, were recorded and transcribed. The reason for the exception 

was a dysfunctional recorder. As compensation, the interview was transcribed during the 

interview, and the transcription was circulated to and accepted by the participants 

afterward. All interviews were coded and analyzed in two rounds in Nvivo 12. 

Name Description No. of 

codes 

Overlaps with elements in 

activity systems and number of 

codes.  

Maintain Practices and initiatives for sustaining same 

level of participation, expertise and 

embeddedness. Themes identified are 

caretaking of community, upholding of rules 

and division of labor between staff and 

community of users. 

59 Community (18)  

Rules (16) 

Tensions (14) 

Div. of labor (12) 

Scale Practices for extending activities and 

practices in the makerspace. Themes 

identified include continuous adjustment of 

focus, extending participation of users and 

extending the scaling the materials and tools 

available in the makerspace.  

50 Development (27) 

Users (22) 

Tensions (16)  

Tools (11) 

Replicate Replication of practices, activities or lessons 

learned designed in the makerspace or others. 

Themes identified include re-using and 

specializing in specific activities (division of 

labor), searching for information online and 

engaging in and contributing to professional 

communities with other library makerspaces.  

62 Div. of labor (25) 

Community (14) 

Tensions (8) 

Evolve Practices and initiative that involve internal 

change in the makerspace, changes in the 

community or in the library itself.  

58 Development (16) 

Tensions (16) 

Objectives (12) 
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Div. of labor (10)  

Table 2. Coding scheme 

In the first round, the data was coded for Engström’s (1987) elements in the activity 

system. The results mapped the existing activity system for each makerspace into an excel 

sheet that allowed overview and comparison of activities, objectives, users, rules, 

community, division of labor, history of development and tensions for each library 

makerspace. From the initial data analysis, it appeared that makerspaces on a regular basis 

adapt their practices to sustain or extend users’ participation, practitioners’ expertise and 

embeddedness in the library or surrounding community. Based on this insight, it was 

decided to examine the data material for practices to sustain library makerspaces. In the 

second round of analysis, the data was coded for the practitioners' efforts to maintain, 

scale, replicate and evolve (Iversen and Dindler 2014). As the sustainable initiatives are 

ideal categories, the codes were appropriated for the context of library makerspaces. The 

final coding guide is presented in Table 2.  

Findings 

In the following, findings from the data analysis is presented. It covers practices of 

maintaining, scaling, replicating and evolving library makerspaces and tensions regarding 

sustainability of benefits and practices. 

Maintain 

Maintenance of makerspace is a costly affair. Practitioners in eight of the thirteen 

makerspaces indicate that their management must not underestimate the costs associated 

with maintaining the space. One practitioner elaborates: “The machinery is not expensive 

when first established. The expensive part is the personnel” (Manager, L2). Maintenance 

practices are time-consuming and includes the day-to-day practical tasks of hosting the 

space in opening hours, serving coffee and snacks, cleaning the space, planning and 

facilitating activities, team meetings, servicing machinery and social tasks of welcoming 

new users and upholding rules in the makerspace.  

While practices are similar, the interviewed practitioners approach staffing the 

makerspace differently, which affects the ownership of the space and integration of 

expertise in the library organization. Overall, three models for staffing library 

makerspaces were discovered with each their strengths and weaknesses: 
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• Three libraries had hired individuals with prior experience.  

• Three libraries operate their spaces with a combination of staff and volunteers.  

• Seven libraries have developed competences from a team of staff that represent 

different sections in the library. 

By hiring a designer, engineer or an experienced maker, a library can quickly acquire 

relevant specialized expertise to manage the space and facilitate activities. On the other 

hand, the expertise is situated on individuals that are loosely affiliated to the library that 

can become a threat to maintaining the expertise in the library. One facilitator expressed 

this honestly: “I don’t work very well for long term operations. Eventually, I will lose 

interest and then some exciting ‘new shiny thing’ appears that I rather will do” 

(Facilitator, L12).  

In the second model, existing staff from different sections in the library develops the 

competences to host the makerspace. The benefit is that the expertise is integrated in 

several sections in the library. The downside, however, is the time and effort it takes to 

develop expertise and to sustain it: ”If you don’t use it, you forget it. It’s like that with 

everything but especially with the techniques here” (L8, Coordinator). In addition, in a 

team, different members are responsible for specific activities or tools, which gives 

practitioners the opportunity to practice their skills regularly and develop specialized 

knowledge.  

In the third model, engaged users are invited to take part in the day-to-day activities in 

the space. One makerspace outsourced the technical expertise to the users while the 

library focused their efforts on supporting the community: “We have spent little time and 

effort to becoming technically skilled. We facilitate the group, make coffee and serve 

cookies every time they meet. We call in meetings, buy materials and do everything we 

can to spoil them.” (L3, Coordinator). As the community holds the technical expertise, 

the library fills the role of caretaking for the community and does supportive tasks such 

as organizing meetings, communicate on Facebook and ensure a stock of materials. 

Inviting users to take part in maintenance work can help to sustain users’ interest and be 

cost-effective, but it also comes with three obstacles. First, it is a challenge to make users 

commit to tasks for a prolonged period: “It is about commitment and commitment to what 

you find interesting today [..] if something else captures their interest they are out. That’s 

also the case for our super users” (Coordinator, L9). Second, it is expressed in L3 and 

L5 that it is a fine balance between encouraging users to take part while not pressuring 
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them. It is argued that too high expectations can be at the cost of at participation of the 

community. Third, expressed in L5 is that community ownership can be at the cost of 

inclusion of new users “[..]it is really nice that someone takes ownership but not that they 

feel they own the space [..] We manage and facilitate the space. We set the 

boundaries” (L5, Facilitator). In other words, the practitioner needs to set rules in the 

makerspace that reflect the values of openness and inclusion that is important for the 

library.  

In sum, maintenance deals with a central tension to the sustainability. That is between the 

costs put into the space, the integration of knowledge and expertise in the library 

organization and the integration to user communities by involving them in day-to-day 

activities.  

Scale 

Makerspaces have in common that opening hours, staffing, rules, tools and activities are 

scaled and de-scaled regularly based on the practitioners’ experiences from conducting 

activities and interacting with users. The interviews reflect that there are two approaches 

to scaling the makerspace. The approaches are established in the implementation stages 

but affect the possibilities for the makerspaces to expand. A coordinator in a medium 

sized makerspace refers to the approaches as a chicken-egg problem: “This is an ongoing 

internal discussion we have. We talk a lot about the chicken or the egg. Should we start 

buying machinery that they [the users] want or should we reach them [the users] first 

and then acquire the equipment” (Coordinator, L6). In other words, libraries can take a 

tool-first approach by acquiring machinery and expect that user participation will follow, 

or an activity-first approach by conducting activities and acquiring machinery after 

participation is proven.  

Four out of five large makerspaces and two of the eight medium or small-sized 

makerspaces scale tools first. That starts with the dedication of space and procurement of 

machinery where after practitioners learn to operate the tools, test activities and scaling 

participation in terms of the user base and establishment of a community. The advantage 

of scaling tools first is that the makerspaces can offer sufficient space and advanced tools 

to attract communities of users. The challenges are, first, that not all tools are put into use. 

For instance, the CNC-mill in three of five spaces that have one have never been used. 

Second, there is no guarantee that the makerspace will succeed in developing sufficient 
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participation in the community. That is reflected in the data when five of the makerspaces 

struggle to reach participation outside structured activities and to develop or attract 

communities. There are exceptions, such as in L2, that attracted users without much effort 

and adapted their services for more time for uninstructed use: “We never really 

understood why. Instead, more and more people began to attend the open makerspace. 

[..] So instead of ‘Go to tech’ and ‘Tech theme’ [..]. We discarded this and had regular 

opening hours where people from the street could use the technologies with or without 

help” (Coordinator, L4). It remains, however, a threat to the sustainability if there is an 

imbalance between the scale of tools in the makerspace, on one hand, and the users’ 

interest in the tools and practitioners technical and facilitative expertise to instruct use of 

tools, on the other hand. 

An activity-first approach mitigates this issue. Five of the eight small and medium-size 

makerspaces and one of the five large makerspaces practice an activity-first approach. 

That means low initial investments in tools. Instead, the space expands gradually by 

acquiring tools and occupy space in accordance to the needs that appear from activities 

or proposed by users. For instance, through a series of activities (e.g. lamp production 

workshop, repair cafés and a festival) for over a year, the coordinator in L7 has established 

a medium-sized makerspace. It is a value in the makerspace to make most of resource and 

use materials that are ”available at hand” by reusing waste materials with tools such as 

soldering, sewing and glue. Scaling of tools is then initiated when it is meaningful for a 

specific activity. A laser cutter was, for example, bought for a collaborative project with 

the neighboring school: “[..] What makes sense to the students and how can we 

collaborate where it makes sense to the teachers, so it doesn’t become laser cutter for the 

sake of the laser cutter”. (Coordinator, L7). The coordinator in L1, elaborates that the 

benefit of scaling gradually is that all tools are put into use and experience is built 

gradually: “In contrast to some other spaces, we have chosen to bring in technology one 

at a time. We then, master might be a strong word, but become familiar with it and 

conduct workshops in it before we continue to the next tool.” (Coordinator, L1). Put 

differently, in an activity-first approach to scaling, the practitioner learns by interacting 

with a community of users in activities and tools are acquired for specific reasons that 

allows expertise to be built gradually.  

The practices for scaling reflect that participation and needs of the community are 

difficult to plan and predict. It becomes a concern for sustainability of the space if tools 
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are not aligned with the needs of the community and practitioners’ expertise. While large 

makerspaces have sufficient space and tools to attract and develop user communities, 

smaller and more activity-oriented spaces have better conditions for scaling and de-

scaling in accordance to the current wishes.  

Replicate 

Replication is important for sustainability in library makerspaces to make most of the 

experiences developed in the makerspace or by others. In the interviews, it is found that 

makerspace practitioners seek inspiration and information in online communities, 

professional networks of library practitioners and by documenting their practices for 

future use.  

The interviewed practitioners mention following several communities on social media 

sites such as YouTube, Instagram, Facebook, Instructables and Thingiverse. As one 

practitioner argues, these platforms are useful sources for inspiration and information on 

specific problem-solving: ”YouTube is the best place for learning when it comes to this. 

I wouldn’t be able to work here if I was not able to sit down and watch a three-minute 

video on how to solve this specific problem.” (Facilitator, L5). In addition to the vast 

amounts of information available online, five of the practitioners also mention to attend 

more focused private Facebook groups for library makerspace practitioners. In these 

groups, practitioners share knowledge and practices that are more embedded in the library 

context. To further support domain-specific knowledge sharing, one region hosts 

quarterly network-meetings for makerspace practitioners that four of the interviewed 

libraries regularly attended. This network supports the sharing of lessons learned, but as 

the makerspaces have many objectives in common, it also is a platform to coordinate 

practices and initiate collaborative projects. 

One activity that is shared and reused in this network is the wind tunnel. The wind tunnel 

is a physical installation with a wind blower that blows air into a cylinder. It supports 

users learning about aerodynamics by letting users build objects, insert them into the wind 

tunnel and observe them fly, float in the air or fall to the ground. The coordinator in L6 

explains that the wind tunnel is designed to support disassembly and includes instructions 

for reassembly: “Our wind tunnel can also be separated as well as our car track. It’s 

easy and mobile. In that way, it can reach our branches” (Coordinator, L6). The wind 

tunnel is designed to fit into the carrier that transports books between libraries, and 
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thereby the activity can be shared with other libraries. While there are Facebook groups 

and a website where library makerspaces share practices, the wind tunnel illustrates an 

approach to sharing that is material and potentially more accessible for other practitioners. 

The interviews covered mostly the breadth of activities in each makerspace but also 

reflected that each makerspace tend to repeat and specialize in specific activities, be it 

facilitation of a community, school activities or workshops for families, children, or 

citizens. The coordinator in L12 explains that by repeating activities, the activity 

gradually turns into a more stable formats:“I also make these trajectories like a complete 

package with all the tools and power-point presentations. Then I test them, iterate, correct 

them, and then run them multiple times. I am running ‘Micro:Bit for adults’ for the fourth 

time, so it is becoming stable” (Coordinator, L12). His experience is that conducting 

activities for the first time comes with several challenges and unanswered questions. That 

can be who will attend, what is challenging for participants to learn and do, what 

questions will be asked and how long time each step takes. By iterating the material 

through activity, his PowerPoint presentation reflects his experiences and stores them in 

time. That contributes to making the activity reusable and shareable.  

Replication is about documenting, iterating, and sharing practices that supports 

development of expertise and sharing of experiences. In relation to sustainability it both 

helps a space to specialize in certain activities and to make the most of the knowledge 

and resources available. 

Evolve 

Makerspaces are places that embody change. That is reflected in six of thirteen 

makerspaces included in this research that are directly linked to other transformations 

such as new municipal strategies or re-organization and relocation of the library. In the 

remaining libraries, makerspaces still reflect a prioritization of space to new types of 

activities and services for their users, communities and neighboring institutions. One 

library manager claims that their library is in an ongoing development that “[..] replace 

books with people” (Library manager, L2). That implies more orientation towards spaces 

for activity rather than a collection of books.  

Already in the sections on scale and replication, we see that practitioners tend to direct 

and re-direct their activities depending on what makes sense for their users and 

community at the moment. One practitioner even argues that responsiveness to change is 
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a value in the makerspace: “I think one of my most important points is that the space is 

never complete. A space like this must always move in some direction. It is about the 

process. Or put in other words, new people will enter at some point and meet in new ways 

and have things that they find interesting” (Coordinator, L7). The practitioner argues that 

the makerspace must have some direction, but also is flexible enough to accustom to new 

users, their wishes and needs.  

The flexibility in the makerspace is perceived by practitioners as an opportunity for the 

library to foster new collaborations with local partners that attracts new users to the 

library. That resonates when two makerspaces collaborate with local recycling stations 

and four mention partnerships with existing local maker communities such as 

hackerspaces, radio amateurs or train enthusiasts. Seven makerspaces also partner up with 

formal educational institutions such as schools, high schools or special schools. One 

practitioner explains that the makerspace has better conditions for partnerships: “It is 

easier to say ‘Hey we have started something new, maybe we could do something 

together’. It is easier when you have a blank slate than an almost 100-year-old institution 

that the library is” (L5, Facilitator). In other words, the makerspace offers a framework 

that is considered partially detached from traditional expectations for a library that can be 

appropriated for institutions or community groups for their specific interest.  

However, it is also expressed that building on an existing institution comes with 

tensions: “The library as an institution is an old institution that needs to get used to that 

other than the traditional library activities can take place in the library” (Coordinator, 

L7). To elaborate, the practitioner subtly argues that the makerspace and the library 

evolve in different paces that causes tensions between established practices and new ones. 

The tensions are reflected when three practitioners mention challenges of sustaining 

managerial back-up, three mention resistance or lack of understanding from colleagues, 

and two argue that the makerspace activities are considered a lower priority than 

traditional library tasks: “I am still a librarian and I have my shifts. I have all other types 

of tasks that in fact need to be solved before I start repairing a 3D-printer.” (Facilitator, 

L11). In sum, tensions between traditional library services and the makerspace add to the 

concern that makerspaces become “add-ons” to the library instead of an offer that is 

integrated into existing values, practices and services. Few efforts to integrate traditional 

library services and makerspace activities were found:  
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• Using tools in the makerspace (e.g., folie cutter) to decorate the library space. 

• Combining existing book-oriented activities with tools in the makerspace. 

• Adding tools in the makerspace (e.g., micro:bit) as lending material. 

• Mandatory makerspace activities for staff. 

Overall, the results reflect that makerspaces are platforms for collaboration with actors in 

the local community that can sustain the relevance of the library. However, internally in 

the library organization, it is a risk for long-term sustainability that makerspaces struggle 

to become spaces that integrate into the existing values, resources and practices in the 

library.  

Discussion 

This research sets out to understand practices for sustaining library makerspaces beyond 

implementation by examining practices and initiatives of maintaining, scaling, replicating 

and evolving (Iversen and Dindler 2014). While Iversen & Dindler (2014) argue that the 

initiatives already take place in the implementation processes, this paper examines 

practitioners’ reflections on their everyday practices. 

As makerspaces are born into existing cultural-historical systems of activities (Engström 

1987) that take place in libraries, developing durable makerspaces do not happen 

overnight. Instead, this research sheds light on the complex acts of balancing division of 

work, sharing of ownership, repetition and re-use of practices and integrating the space 

into the library organization and the surrounding community. There is no one-size-fits-

all model to ensure the sustainability of a library makerspace because makerspaces vary 

in size, shapes, placement, access to resources and objectives. Nonetheless, the following 

section will discuss practices for sustaining participation, expertise and embeddedness 

and propose three guidelines that practitioners should consider when addressing the long-

term benefits of a library makerspace. 

Sustainable participation 

Participation is a focal concern for practitioners in library makerspaces (Moorefield-Lang 

2018), which implies both recruitment of users and sustaining their attendance over time 

(Dreessen and Schepers 2018). The results of this paper reflect that participation is not a 

fixed and predictable variable. Instead, library makerspaces tend to continuously direct 

and re-direct their activities to what attracts users – be it community-evenings for 

experienced makers, collaborative trajectories with schools or weekend activities for 
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families. In this dynamic approach, there are two points practitioners need to consider. 

First prior research has established that different types of activities provide different 

conditions for togetherness, collaboration and learning (Einarsson & Hertzum 2019). For 

instance, short-term workshops aim for fun and social experiences that might recruit 

users, while community-driven activities can support sustaining user interests and 

learning processes over a longer period of time. Second, specializing in one type of 

activity that is useful for a specific group will neglect others. In particular, children, 

families and groups with specific technical interest are involved in the makerspace 

activities (Li and Todd 2019; Bowler and Champagne 2016; Sheridan et al. 2014). 

Despite that Brady and his colleagues present an exception (Brady et al. 2014), elders, 

immigrants or disabled users rarely addressed. In particular, if libraries intend to be 

inclusive, represent the diversity of their community and support meetings between 

different groups (Audunson 2005), makerspaces can be productive venues to do so 

(Halverson, Lakind, and Willett 2017; Brady et al. 2014). However, practitioners must 

dedicate efforts to also include groups that are less likely to be involved technology 

construction despite that it will require more work to attract the users and facilitate the 

activity.  

Sustainable expertise 

Previous research has stated that makerspace practitioners require skills of learning, 

adaptation, collaboration, facilitation and advocacy to facilitate activities in the 

makerspace (Koh and Abbas 2015; Slatter and Howard 2013). For many library 

professionals, these diverse skills are new, and therefore, expertise needs to be developed. 

The findings show different approaches for makerspaces to develop and maintain the 

expertise. It is pointed out that expertise is embedded in different ways in teams of library 

staff, in the community of users or in newly hired professionals with experience in 

organizing makerspaces and facilitating activities. Models of staffing is a concern because 

it can affect the involvement of a user community (Seravalli 2018) but it also a question 

of how expertise is embedded in the library organization.  

Important for the durability of makerspaces is that there is a coherence between the work 

put into the makerspace, the scale of the tools and space and the value the makerspace 

produces for its community. Practitioners argue for the challenge that the skill in the 

makerspace is in a tangible, hands-on manner that is forgotten if not practiced regularly. 
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Therefore, the repetition of activities, documentation, division of work, specialization and 

gradual scaling is important for turning new activities into operations (Bertelsen and 

Bødker 2003) that drive value cost-effectively. 

Sustainable embeddedness to library and community 

Library makerspaces are implemented for modernizing libraries by adding new services 

that potentially can attract new users and involve them in untraditional ways (Slatter and 

Howard 2013; Willett 2016). The findings from this study suggest that library 

makerspaces are perceived as a flexible platform to form collaborations with municipal 

actors, schools or groups in the community. That contributes to establishing the relevance 

of the library but is also found that makerspaces are in risk of becoming add-on services 

that are considered inferior to more traditional tasks of caretaking for the collection and 

helping users searching and finding materials. In prior research, it has been argued that 

libraries and makerspaces share values of providing access to tools and information, 

support informal learning, contribute to the development of future literacies and support 

the interest of the community (Willett 2016; Slatter and Howard 2013) but at the level of 

practice, skills and activities in the makerspaces are new for many libraries (Willett 2016; 

Koh and Abbas 2015). This study identifies a range of practices for integrating the 

makerspace into existing activities, but for long-term sustainability the existing activities 

and resources should be utilized and integrated further. Building on the existing cultural-

historical activity systems in libraries, makerspaces could develop activities to live up 

stories and information stored in collections, teach critical literacies for construction (e.g. 

such as information seeking and project planning), develop activities that support 

engagement and meeting between diverse actors in the local community and actively seek 

to involve marginalized users that are underserved in other types of makerspaces.  

Guiding principles for sustainable library makerspaces 

Makerspaces have spread to libraries around the world and are becoming an increasingly 

common service (Born, Henkel, and Mainka 2018). As individual makerspaces age, their 

newly formed activity systems over time will evolve, become integrated into existing 

resources, practices and values (Engeström 2001; Kuutti 1996) and are expected to 

contribute values to libraries and their surrounding communities. Long-term 

sustainability, according to Dindler and Iversen (2014), is not an end in itself, and 

makerspaces that do not deliver and articulate value will expectedly cease to exist. The 
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main arguments from this research can be distilled into three guiding principles for 

sustainable library makerspaces that can help practitioner to develop sustainable models 

for participation, expertise and embeddedness in their makerspace:  

• A sustainable makerspace balances the participation from diverse groups by prolonging 

use by existing users by caretaking and giving them opportunities to take ownership, 

offering activities for less experienced users and actively dedicating efforts to include 

underserved users in their communities.  

• A sustainable makerspace has the technical, facilitative, collaborative and organizational 

capabilities to deliver value cost-effectively. The makerspace learns by re-using and 

appropriating others' experiences and develops expertise by repeating, documenting and 

sharing their own practices. Practices can also be shared with a community of users. Yet, 

it is important for durability that the expertise also is integrated into the library 

organization.  

• A sustainable makerspace is a flexible structure that can evolve and adapt to 

accommodate diverse interests, needs and wishes from user communities and local 

partners. Though the makerspace changes fast, it must continuously evolve to adopt 

library values, practices and resources to become an integrated service in the long run.  

The principles should be conceived as a complete list of rules or a checklist. Instead, they 

point to central tensions in relation to participation, expertise and embeddedness that 

makerspaces practitioners must reflect upon and address to ensure the long-term 

sustainability of library makerspaces. In practice, the principles for sustainability should 

already be addressed in the implementation stages, but the principles are also relevant for 

makerspaces to adjust practices towards sustaining makerspaces in the long run. 

Limitations 

This study has three limitations worth mentioning. First, the data material is based on the 

practitioners’ perspective. Therefore, users, management and other relevant stakeholders 

in sustaining a makerspace are excluded. Li and Todd (2019) argue that the practitioners’ 

perspective has been overemphasized compared to the users’ perspective at this point. 

For the subject of sustaining the makerspace, practitioners are valuable sources of 

information. They face users, local community actors, library management and co-

workers in library and makerspace, and ultimately, they are responsible to make the space 

work in the short-run and the long one. However, including users in future studies would 

advance the understanding of integration of the makerspace into library services, for 
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example, by exploring users’ affiliation to the library, the makerspace and local 

community. Second, the study builds on interviews from diverse makerspace that provide 

a broad picture of practices and tensions in enduring benefits of library makerspaces. Case 

studies of practices and user activities could compliment this research by providing rich 

descriptions and examples of activities and practices for productively integrating 

makerspaces into existing library resources, practices and values. Finally, this study aims 

to inform sustainable makerspaces beyond the limits of Denmark. Internationally there is 

much variation in libraries in terms of physical location, funding, size, attachments to the 

local community and objectives. To compensate, this study sampled libraries 

makerspaces with variation in size and regional spread in Denmark. Hopefully, this study 

could inspire comparisons of sustainability in makerspaces beyond Scandinavia and even 

beyond the library. 

Conclusion 

This study sets out to examine practices to sustain library makerspaces. It is important to 

address the durability, as the novelty of makerspaces is fading. This paper analyzes data 

gathered through interviews in thirteen library makerspaces through the lenses of cultural-

historical activity theory (Engström 1987) and sustainable participatory initiatives 

(Iversen and Dindler 2014). The findings disclose practices and tensions regarding the 

division of work, sharing of ownership, scaling of tools and activities, documentation, 

sharing and repetition of practice and the integration in the library and surrounding 

community. The findings inform three principles for sustainable library makerspaces that 

can guide libraries to balance the participation in makerspaces to represent diversity in 

the community, develop efficient practices that integrate into the library and progress 

towards deeper embeddedness in the local community and library organization.   
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Abstract. Makerspaces are places for construction and creative expression using 

tools such as 3D printers, laser cutters, and sewing machines. In this study, we 

investigate how makers obtain information for their makerspace projects. The 

study focuses on four sources of information: people, documents, experimentation, 

and prior knowledge. On the basis of interviews with thirteen makers, we analyze 

their use of these information sources in relation to different knowledge areas, 

creative-process stages, and relevance criteria. Our main findings are that (1) 

experimentation is a prime source of information, (2) ease and pleasure are the 

dominant relevance criteria, (3) process and situation receive little attention, and 

(4) information sources vary across process stages. Specifically, experimentation 

is the dominant information source during the construction stage. In addition, the 

relevance criteria show that the makers turn to people because it is pleasurable, to 

documents because it is easy, and to experimentation because it results in quality 

products. These results emphasize the importance of experimentation and suggest 

that it warrants closer attention in studies of the information behavior of makers 

and, more broadly, creative professionals.  

Introduction 

With the advent of makerspaces, a variety of citizens have become involved in creative 

design processes that were previously the realm of artists, craftspersons, designers, 

engineers, and similar professionals (Anderson, 2012; Gershenfeld, 2012). These creative 

design processes are information intensive. Like creative professionals, the users of 

makerspaces – so-called makers – need information to get ideas for projects, appreciate 

situational parameters, devise processes, evaluate sketches, operate technologies, ensure 

product quality, and so forth (Koh, Snead, et al., 2019; Li & Todd, 2016). Yet, making 

differs from professional work by being a leisure activity. As a leisure activity, it is 

undertaken occasionally, with little training, and in ways that seek to avoid tedious 

elements. Therefore, makers’ information behavior may differ from that of creative 
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professionals and must be understood in its own right. However, it has not yet been 

studied much. Building on the extensive literature on creative professionals’ information 

behavior, this study investigates how makers seek information. 

Makers engage in projects from printing images on T-shirts, through repairing consumer 

products, to building robotic devices. The common thread in these projects is the creative 

activity of expressing ideas in materials. Makerspaces provide makers with access to tools 

such as 3D printers, electronics kits, glue guns, laser cutters, sewing machines, and so 

forth (Willingham, 2018). With this equipment, makers can engage in complex projects 

and make quality products. These uses of makerspaces are examples of serious leisure 

(Hartel, 2003). However, makerspaces are also places for meeting other makers, 

exchanging information, and forming communities. Without this social dimension, most 

makers would enjoy the makerspace less or be unable to use its equipment competently 

(Koh, Abbas, et al., 2019; Taylor et al., 2016). For some makers, the social dimension 

takes precedence over the creative design process.  

This study is about maker projects in Danish library makerspaces. While library 

makerspaces also host pre-planned activities for schools, families, and other groups 

(Einarsson & Hertzum, 2020), this study is about makers’ self-driven projects. We focus 

on self-driven projects because the makers in these projects are responsible for the entire 

creative process from idea conception to final product and can select from a wider array 

of information sources compared to the pre-planned activities. In this context, we ask the 

research question: How do makers obtain information for their makerspace projects? To 

answer the question, we investigate 13 makers’ use of four information sources in relation 

to four knowledge areas, four creative-process stages, and four relevance criteria. The 

study is based on interviews, which are content analyzed (Hsieh & Shannon, 2005) and 

thickly described (Creswell & Miller, 2000). 

The four investigated information sources are people, documents, experimentation, and 

prior knowledge. While people and documents are commonly researched information 

sources, experimentation is surprisingly absent in most studies of the sources from which 

people obtain information (Hertzum, 2014a). We contribute an analysis of the role of 

experimentation relative to other information sources in creative processes. This study 

also contributes insights about how different information sources are favored at different 

stages of the process, for different reasons, and by different makers. These insights begin 
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to identify differences between makers’ information behavior and that of creative 

professionals. 

Related work 

Makerspaces are being implemented in libraries around the world to provide access to 

digital fabrication tools, support learning, build communities, and reinvent libraries (Born 

et al., 2018; Slatter & Howard, 2013). While the learning potential of makerspaces is 

widely discussed (Berland, 2016; Blikstein, 2014; Li & Todd, 2019), few studies examine 

makers' information behavior. As exceptions, Chen, Kuo, and Chang (2019) find that 

makers combine information sources; Li and Todd (2016) remind us that making is an 

information-intensive activity that involves trial-and-error inquiry; and Koh, Snead, and 

Lu (2019) find that makers spend much time to try things out, obtain information, and 

plan future steps. We aim to expand on this limited body of research by investigating 

makers’ use of information sources. 

Information Sources 

Making is a leisure activity that involves learning about tools, materials, and techniques 

as well as connecting to people and crafting creative expressions (Gauntlett, 2018). To do 

so, makers seek information from other people, documents, experimentation, and their 

prior knowledge.  

Makerspaces assemble people with similar interests (Koh, Abbas, et al., 2019). By being 

in physical proximity, they can support one another with advice, help, and inspiration. 

Studies of creative professionals show that people are widely used as information sources 

(Hertzum, 2014a). The reasons for seeking information from people include that it is 

perceived as easy and that the source can help tailor the provided information to the 

information seeker’s need (Fidel & Green, 2004; Hertzum, 2014a). Furthermore, people 

can provide explanations and be queried about how confident they are about the advice 

they offer. 

While people are a frequent source of information, they are often combined with 

documents (Hertzum & Pejtersen, 2000). Artists and designers use documents such as 

biographies, films, magazines, and objects in their creative processes. For example, artists 

skim magazines for inspiration, but they also scrutinize specific styles and techniques 

relevant to their creative expression (Hemmig, 2009; Mason & Robinson, 2011). While 
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there are magazines about making (Hepp, 2018), makers tend to search for documented 

information on platforms with user-generated content (Gauntlett, 2018; Li, 2021). 

Thingiverse provides access to other makers’ 3D models for remixing or reproduction 

purposes; Instructables and YouTube provide step-by-step insights into other makers’ 

processes (Gauntlett, 2018; Tseng & Resnick, 2014). 

Davies (2018) argues that makers conform to a lifestyle of “just doing” that is in 

opposition to analyzing and waiting. Elsewhere, making is described as a way of learning 

through the trial-and-error process of exploring, tinkering, testing, failing, and iterating 

(Blikstein, 2014; Koh, Snead, et al., 2019; Li & Todd, 2016). With a few exceptions 

(Allen, 1966; Hemmig, 2009), such experimentation is largely bypassed in studies of 

information seeking. However, Schön (1983) contends that designers reflect in action. 

While designing, they engage in a dialogue with their materials, reflect on the qualities 

of their designs, and make in-the-moment adjustments. They draw lines and respond to 

the resulting drawing. 

Finally, the creative process is informed by prior knowledge and experiences, including 

learnings from prior projects (Mace & Ward, 2002), knowhow from immersion in a field 

(Cross, 1982), and personal life experience (Hemmig, 2009). Prior knowledge is available 

in memory. Thereby, it differs from the other information sources, which require 

interaction with people, documents, or materials. The starting point for many makerspace 

projects is an interest anchored in the maker’s everyday life, thereby tying the project to 

personal knowledge about the targeted situation (Li & Todd, 2019). Makers get a sense 

of accomplishment from resolving such situations by applying their accumulated 

knowhow about tools and materials (Davies, 2018). 

Knowledge areas and creative-process stages 

The choice of information source depends on the knowledge area to which the 

information should contribute (Hemmig, 2009) and the process stage at which the maker 

currently is (Mason & Robinson, 2011).  

Making requires knowledge in multiple areas. For example, studies on computational 

literacy argue that it involves the combination of cognitive, material, and social 

competences (Berland, 2016). Specifically for self-driven projects about technology 

design, Hertzum (2014b) delineates four knowledge areas that design students apply in 

their projects: Analyzing the existing situation involves a situated understanding of the 
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use context with its prospective users, current practices, existing solutions, and 

environmental constraints. Constructing technologies involves a practical understanding 

of technical possibilities, acquired by exploring materials, constructing prototypes, and 

testing iteratively. Specifying processes is a procedural understanding of the project by 

allocating time, setting deadlines, managing activities, and deliberating on who should be 

involved in the process. Developing visions is an understanding of the future situation by 

imagining and articulating the desired change and the product features that will support 

it. All four knowledge areas are present in any design project, yet to different extents 

depending on the nature of the problem, maturity of the technology, and even personal 

preferences (Hertzum, 2014b).  

The prominence of the different knowledge areas can also evolve across the creative 

process. While several models (e.g. Kuhlthau, 1991) describe the information-seeking 

process, Mace and Ward (2002) examine the stages in the creative process. On this basis, 

they suggest a four-phase model. First, idea conception is the phase where the artist 

conceives the idea. The idea can be the result of prior knowledge, information seeking, 

or encounters in everyday life. Second, idea development is an iterative process of 

structuring, enriching, restructuring, and evaluating the idea. Third, making the artwork 

is the phase in which the artist prepares the construction process, constructs the artwork, 

evaluates the outcome, and iterates. This phase is hands-on. Finally, finishing the artwork 

consists of either abandoning or presenting and storing the artwork. In spite of the 

apparent sequential progression from one stage to the next, Mace and Ward (2002) 

emphasize that the artist can, at any time, return to a previous stage or skip forward to a 

following stage.  

Relevance criteria 

When people select information sources, they weigh source accessibility against source 

quality (Hertzum, 2014a). While some studies find that accessibility dominates, most 

studies are consistent with a sufficiency principle: people select sources that are 

sufficiently accessible and of sufficient quality (Lu & Yuan, 2011). 

Accessibility is about the process of using a source and includes both ease of access and 

pleasure of interaction. A source is easy to access if it, for example, is physically nearby, 

familiar, understandable, and in an easy-to-use format (Fidel & Green, 2004). Easily 

accessible sources are used more. Likable sources are also used more (Barry & Schamber, 
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1998). Because leisure activities, such as making, often deal with higher things in life 

(Kari & Hartel, 2007), information sources are likely also selected for being pleasurable, 

interesting, or nicely laid out. Literature on makerspaces often emphasizes the pleasure 

and well-being associated with makerspace communities (Taylor et al., 2016). 

While accessibility is about the process, quality is about the content of the information 

provided by the source. As a relevance criterion, quality involves the reliability of the 

information and its relevance to the information need (Hertzum, 2014a). Reliable sources 

provide accurate, precise, and trustworthy information (Barry & Schamber, 1998). These 

qualities cannot be determined in an absolute sense, so information seekers actively form 

a perception of them and employ this perceived reliability in their source selections. 

Relevant sources provide information that pertains to the problem at hand (Saracevic, 

2016). That is, it connects to the information seekers’ need by filling, partly or fully, the 

gap in their knowledge. Chen, Kuo, and Chang (2019) add a social dimension to this 

criterion by noting that makers attribute quality to sources that connect them to other 

makers and use situations. 

Method 

To study how makers obtain information for their projects, we interviewed 13 makers and 

analyzed the data using a mixed-method approach that combined the quantitative method 

of directed content analysis (Hsieh & Shannon, 2005) with the qualitative method of thick 

description (Creswell & Miller, 2000).  

Interviewees 

The interviewees were recruited through a contact form in a user-satisfaction survey, 

which was distributed in five Danish library makerspaces through their Facebook groups. 

The five makerspaces were open to the public and spanned rural, intermediate, and urban 

municipalities. All five makerspaces had allocated staff, communities of regular users, 

and equipment for 3D printing, laser cutting, electronics, and textile printing. Thirteen 

makers who engaged in self-directed projects were recruited for interviews (see Table 1). 

The gender distribution in the sample roughly equated the gender distribution of the 

makerspace populations.  
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ID Frequency of 

makerspace use 

Age Gender Project 

1 Monthly 50+ Male 3D redesign of a wheelchair 

2 Weekly 50+ Male Smart-home ventilation system 

3 Monthly 50+ Female Remake of a folding table 

4 Monthly 50+ Male Distance measuring device 

5 Monthly 50+ Male Laser-cut nameplate for a boat 

6 Quarterly 50+ Female T-shirt printing 

7 Weekly 50+ Male CNC-milled cutting boards  

8 Weekly 50+ Male Laser-cut houses for model-train 

environment  

9 Weekly 20-29 Male 3D-printed objects for role-

playing games 

10 Weekly 50+ Male Unmanned underwater vehicle 

11 Quarterly 30-39 Female T-shirt printing 

12 Monthly 50+ Male Laser cut remake of a board 

game 

13 Weekly 50+ Female Laser-cut pieces for a board 

game 

Table 1. Profile of the interviewed makers 

Procedure 

The interviews were semi-structured and conducted in Spring 2020. Due to the COVID-

19 pandemic, all interviews were conducted online on Zoom, Microsoft Teams, or the 

phone. Each interview started with questions about the interviewees’ background and 

general use of the makerspace. On this basis, the interviewees were asked to select a 

single makerspace project for a detailed walkthrough (Table 1). This walkthrough was 

the main part of the interviews. 

For the walkthrough, the interviewees were introduced to a project breakdown form and 

asked to complete it in collaboration with the interviewer as the walkthrough progressed. 

The form (see Appendix A) had columns for the different project steps encountered in 

the walkthrough and rows for information about project temporalities, transfers among 

contexts, information needs/sources, moments that sparked emotion, and barriers 

encountered. In ten interviews, the form was shared by screen sharing. In the last three 
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interviews, the form was described orally to the interviewee over the phone. The form 

served to guide the interviews by providing a common point of reference.  

We considered the interviewees’ information behavior deeply embedded in their projects 

and, therefore, asked them to walk through their projects, rather than to describe their 

information behavior. This way, we aimed for a dialogue that also revealed situational, 

tacit, and seemingly mundane information behaviors. In addition, the project breakdown 

form helped obtain details about all steps in the process. The interviewees tended to rush 

through the initial steps of their projects. When this happened, the form facilitated 

redirecting the focus to earlier steps by asking probing questions such as “If we then jump 

back in time, could you...?” 

Data analysis 

The interviews were audio-recorded. In preparation for the data analysis, we transcribed 

the interviews and segmented the interviewees’ statements into units of meaning (Elo & 

Kyngäs, 2008). Figure 1 summarizes how the transcripts were analyzed. 

   

Figure 1. Process of data analysis 

After transcribing and segmenting the interviews, we selected two transcripts for open 

coding. The open coding served to develop a shared understanding of the data material, 

detect themes in it, and construct a coding scheme. Specifically, experimentation and 

prior knowledge were evident information sources, alongside people and documents. In 

addition, the open coding revealed that the ways in which the interviewees obtained 

information evolved during their projects and that the two interviewees had markedly 
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different criteria for preferring one information source over another. The construction of 

the coding scheme was also informed by the literature, which made us appreciate that the 

evolution in the interviewees’ information behavior was about knowledge areas 

(Hertzum, 2014b) as well as creative-process stages (Mace & Ward, 2002). The resulting 

coding scheme had classifications for information sources, knowledge areas, creative-

process stages, and relevance criteria, see Table 2. The literature explaining the 

classification categories was reviewed in the section on related work. 

On the basis of the coding scheme, we made a directed content analysis (Hsieh & 

Shannon, 2005) of the interviews. This content analysis proceeded in five steps. First, two 

randomly selected interviews were coded independently by both authors as training. The 

interview segments were coded with one category from each classification in the coding 

scheme, or with ‘other’ if none of the categories applied. Second, all disagreements in the 

authors’ coding of these two interviews were discussed until a consensus was reached. 

The discussion also served to create a shared understanding of the classifications and to 

finetune the category descriptions. Third, another three interviews were randomly 

selected and coded by both authors independently. The Kappa value of the agreement 

between the authors’ coding of these interviews was .69 (information sources), .72 

(knowledge areas), .73 (creative process), and .69 (relevance criteria). That is, all four 

Kappa values were above the threshold of .60 recommended by Lazar et al. (2017) as 

indicating satisfactory reliability. Fourth, the authors discussed all disagreements in their 

coding of the three interviews until they reached consensus. Fifth, the eight remaining 

interviews were randomly divided into two sets of four interviews and each set was coded 

by one of the authors. 

In the analysis of the coded interviews, we first analyzed how the interview segments 

were distributed across the categories of the four classifications (Table 2). For this 

analysis, we used analysis of variance (ANOVA) to determine the more frequent and less 

frequent categories. To assign equal weight to the makers irrespective of the number of 

segments in each interview, the statistical analysis was performed on the percentage 

distribution of the categories for each interviewee. Post hoc, we conducted pairwise 

comparisons. They were Bonferroni adjusted to compensate for multiple comparisons. 

We report only pairwise comparisons that were significant at p < .05. 
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Category Definition 

Information source 
 

People Seeking or applying information from other people in face-to-face or phone 

conversations, for example seeking advice from staff or peers  

Documents Seeking or applying information from recorded sources, for example watching 

YouTube tutorials, reading books, and consulting the user’s own notes 

Experimentation Seeking or applying information by experimenting and tinkering, for example 

exploring new ideas in modelling software, solving problems by trial-and-

error, or gaining unexpected insights when evaluating designs 

Prior knowledge Applying prior knowledge and experiences, for example experiences that 

inform the idea, knowhow for problem-solving, and repetition of formerly 

established practices 

Knowledge area a 
 

Situation Information about the situation for which the product is made 

Technology Information about the technological possibilities and constraints 

Process Thoughts about what the design process should be like 

Product vision Thoughts about what the product should be like 

Creative Process b 
 

Idea conception Initial phase in the maker process, including (1) the situations and thinking 

that relate to initiating the project and (2) the selection of the particular idea 

over other ideas 

Idea development Phase where the idea is refined and elaborated, including the structuring, 

restructuring, enriching, expansion, and evaluation of the idea 

Construction Phase where the idea is transformed from an abstract concept into a tangible 

object, including processes of designing, constructing, evaluating, problem-

solving, and information-seeking 

Finishing Phase where the construction is completed and the resulting object is 

presented, used, stored, or discarded 

Relevance criteria 
 

Ease of process Extent to which the interaction with the source is straightforward, 

uncomplicated, simple 

Pleasure of process Extent to which the interaction with the source is satisfying, fun, a good 

experience 

Quality of product Extent to which the source contributes to a well-designed, durable product 

Connection with product Extent to which the source contributes to a product that is relevant to the 

situation or expresses the person 

Table 2. The classification scheme defining the categories in the classifications of information 

sources, knowledge areas, creative-process stages, and relevance criteria a Adopted from Hertzum 

(2014b). b Adopted from Mace and Ward (2002). 
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After the ANOVA analyses, we made a cluster analysis to group makers with similar 

information-source patterns. For this analysis, each interviewee was described by the 

percentages of the four information sources. We then used K-means clustering to classify 

the interviewees into clusters with a similar information-source pattern. K-means 

clustering requires pre-selection of the number of clusters. We made classifications with 

two to five clusters and inspected the results. On the basis of these inspections, we chose 

a classification into three clusters because it yielded clusters with distinct profiles and 

intuitive interpretations. Finally, we selected one interview from each cluster for thick 

description (Creswell & Miller, 2000). These descriptions served to add qualitative detail 

about the interviewees’ backgrounds, creative processes, and information behavior. 

Results 

The 13 makers mentioned information sources in 715 interview segments. In the 

following, we first quantitatively analyze these segments with respect to their distribution 

across the categories of the classification scheme and then, on the basis of a cluster 

analysis, select three makers for thick description. 

Information sources 

The makers frequently needed to learn new information to move forward with their 

makerspace projects. Table 3 shows that an average of 41% of the information sources 

mentioned by the makers were people, in particular other users of the makerspace. 

Another 18% of the information sources were documents, such as design sketches, 

tutorials, and other makers’ YouTube videos. Information was obtained through 

experimentation 25% of the times the makers mentioned a need for information. The 

makers, for example, experimented to get technology settings right, to learn about 

materials, and to try out product designs. Finally, the makers drew on their prior 

knowledge 15% of the times they mentioned a need for information. They mostly drew 

on knowledge from previous makerspace projects and their professional careers. The four 

information sources were mentioned to significantly different extents, F(3, 10) = 7.39, p 

< .01. Pairwise comparisons showed that people were used more often than documents 

and prior knowledge. No other pairs of information sources were used to significantly 

different extents. 
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Classification Frequency Percentage a 

   Mean (± standard deviation) 

Information source **     

People 286  41 (±15) 

Documents 128  18 (±9) 

Experimentation 193  25 (±12) 

Prior knowledge 108  15 (±11) 

Knowledge area ***     

Situation 66  8 (±6) 

Technology 307  44 (±10) 

Process 27  4 (±4) 

Product vision 179  23 (±10) 

Other 136  21 (±13) 

Creative process ***     

Idea conception 58  8 (±6) 

Idea development 160  20 (±19) 

Construction 192  28 (±12) 

Finishing 39  5 (±5) 

Other 266  40 (±17) 

Relevance criteria ***     

Ease of process 228  33 (±9) 

Pleasure of process 165  22 (±11) 

Quality of product 152  20 (±12) 

Connection with product 95  12 (±6) 

Other 75  12 (±12) 

Table 3. Frequency (N = 715 segments) and percentage (N = 13 makers) distribution 

across the categories of the four classifications. a The percentage of segments in a category 

(e.g., people) was first calculated for each maker and then averaged across makers, 

thereby avoiding that makers who made many statements received higher weight than 

makers who made fewer statements. ** p < .01, *** p < .001  
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Knowledge areas 

The makers sought information within one of the four knowledge areas 79% of the times 

they mentioned an information source (Table 3). In the remaining cases, they did not refer 

to a specific knowledge area; we coded these 21% as ‘other’. The knowledge areas were 

mentioned to significantly different extents, F(4, 9) = 46.60, p < .001. Pairwise 

comparisons showed that information sources were (a) more often consulted to learn 

about technology than about any other knowledge area, (b) more often consulted to learn 

about product visions than about the situation and process, and (c) less often consulted to 

learn about the process than about any other knowledge area, except the situation. 

Figure 2 shows how the information sources were distributed across knowledge areas. 

For situation, the information sources were mentioned to significantly different extents, 

F(3, 10) = 5.39, p < .05. Pairwise comparisons showed that prior knowledge was used 

more often than experimentation to obtain information about the situation. For the three 

other knowledge areas, the test for differences in the distribution of the information 

sources was not significant, F(3, 10) = 1.97, 0.56, and 0.70 for technology, process, and 

product vision, respectively (all ps > .15). 

 

Figure 2. Distribution of the information sources across knowledge areas, N = 13 makers. 

For each knowledge area, the information sources are (top to bottom): people (●), 

documents (●), experimentation (●), and prior knowledge (●). * p < .05 

Creative process 

The makers referred to a specific stage in the creative process 60% of the times they 

mentioned an information source (Table 3). They referred to the different stages to 

significantly different extents, F(4, 9) = 40.59, p < .001. Pairwise comparisons showed 

that information sources were more often consulted during construction than during idea 

conception and finishing. 
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Figure 3 shows how the information sources were distributed across the stages of the 

creative process. For all four stages, the information sources were mentioned to 

significantly different extents, F(3, 10) = 6.45, 3.38, 16.11, and 7.49 for idea conception, 

idea development, construction, and finishing, respectively (all ps < .05). Pairwise 

comparisons showed that experimentation was used less than people and prior knowledge 

during idea conception. Conversely, experimentation was used more than the three other 

information sources during construction. No pairwise comparisons were significant for 

idea development and finishing. 

 

Figure 3. Distribution of the information sources across the stages of the creative process, 

N = 13 makers. For each process stage, the information sources are (top to bottom): people 

(●), documents (●), experimentation (●), and prior knowledge (●). * p < .05, ** p < .01, 

*** p < .001 

Relevance criteria 

The relevance criteria applied in selecting information sources were also mentioned to 

significantly different extents, F(4, 9) = 15.98, p < .001. Table 3 shows the distribution. 

Pairwise comparisons showed that the choice of information sources was more often 

about ease of process than connection with product. Furthermore, a test in which we 

collapsed ease and pleasure into one category (about the process) and quality and 

connection into another category (about the product) showed that information sources 

were more often chosen on the basis of process than product criteria, F(2, 11) = 24.38, p 

< .001. 

Figure 4 shows how the information sources were distributed across relevance criteria. 

For ease of process, pleasure of process, and quality of product, the information sources 

were mentioned to significantly different extents, F(3, 10) = 6.29, 5.94, and 4.73, 

respectively (all ps < .05). Pairwise comparisons showed that (a) ease of process was a 
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more frequent criterion for choosing documents than people and experimentation, (b) 

pleasure of process was a more frequent criterion for choosing people than documents 

and prior knowledge, and (c) quality of product was a more frequent criterion for 

choosing experimentation than people and documents. For connection with product, the 

test for differences in the distribution of the information sources was not significant, F(3, 

10) = 1.99, p = .15. 

 

Figure 4. Distribution of the information sources across relevance criteria, N = 13 makers. 

For each criterion, the information sources are (top to bottom): people (●), documents 

(●), experimentation (●), and prior knowledge (●). * p < .05, ** p < .01 

Clusters of information-source use 

The cluster analysis identified three clusters with distinctly different patterns of 

information-source use, see Table 4. The largest cluster consisted of seven makers who 

differed from the others by a distinctly higher percentage of experimentation. These 

makers valued the makerspace for its tools. The second largest cluster consisted of four 

makers who predominantly obtained their information from other people. These makers 

valued the communal qualities of the makerspace. The third cluster differed from the 

others by consisting of makers who obtained more of their information from their prior 

knowledge. These makers valued the possibility for personal experiences. Notably, 

documents were merely a supplementary source of information in all three clusters. 

In the following, we present a case from each cluster: Eva (Cluster 1), Karen (Cluster 2), 

and Per (Cluster 3). The names are pseudonyms. 
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Information source “Experimentation” “People” “Prior knowledge” 

 Cluster 1, N = 7 Cluster 2, N = 4 Cluster 3, N = 2 

People 33% 60% 36% 

Documents 20% 18% 13% 

Experimentation 34% 14% 14% 

Prior knowledge 13% 8% 38% 

Table 4. The three clusters of information-source use 

Eva’s folding table (“experimentation”) 

Eva is a retired textile designer with decades of professional experience in creative 

processes. She enjoys designing, modelling, and experimenting. A few times a year, she 

uses the local library makerspace to make designs. Her professional background makes 

her appreciate quality materials and well-designed products, but in her everyday life she 

has a plastic folding table that does not meet her standards. While she finds its design 

“super clever”, the plastic materials make her hide it in a closet. One day, she decided to 

reconstruct her folding table with the end goal of having it produced in wooden materials 

that match her other furniture (Figure 5). She started out by researching online for local 

manufacturers and available wooden materials: ”If I cannot find the right materials there 

is no point in constructing the table.” After identifying a potential manufacturer, her 

makerspace project was to construct a 3D model specifying the design of the table. 

Her construction process is thorough and involves multiple information sources. She 

draws multiple 2D models of the table to get measures and angles right, she adapts and 

experiments with the model in 3D-modelling software, she problem-solves by watching 

online tutorials, and she stores every version of the model by date to be able to return to 

old ideas. Eva explains that new ideas emerge while experimenting. The ideas are 

processed by implementing them in her model and then spending days mulling over the 

quality of the results. It is important to Eva to be in control of the model, ensure that every 

measure is accurate, and arrive at a harmonic and aesthetic design. 

 

Figure 5. Eva’s makerspace project 



 

 

64 

 

Eva mostly avoids the community in the makerspace because it mainly consists of men 

who are more interested in electronics and technology than design. However, she 

appreciates their advice when she has something specific to run by them. For example, 

she got valuable feedback from another maker who told her that larger hinges were 

necessary for wooden materials. This feedback triggered further experimentation to 

ideate, measure, model, print, and evaluate a revised design.  

After many iterations, Eva’s model is now finished (see Figure 6), and she is ready to 

have a manufacturer produce the table for her. She has enjoyed the creative process, but 

her objective is neither the fun of it, nor to display the product to others. For Eva, making 

the table has been about removing an annoyance in her everyday life. 

 

Figure 6. Eva’s folding-table project. The photos show the reference folding table she 

has in her home (left), the hinges and folding technique (middle), and the final 3D-printed 

model (right). 

Karen’s board-game pieces (“people”) 

Karen is a retired teacher and a dedicated member in her makerspace community. She is 

a creative person who has constructed all her life. In the makerspace, which she attends 

on a weekly basis, she feels part of a community where help is always at hand. Therefore, 

all activities relating to her creative process take place in the makerspace. Most of her 

makerspace projects are about repairing and reusing old objects with the help of other 

makers. Her most recent project involved 3D printing missing board-game pieces for her 

son (Figure 7). 
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The pieces should be veteran racing cars, so Karen first searches online for pictures of 

cars with the right look. Then, she redraws them by hand and starts constructing them in 

3D-design software. During the modelling, she encounters multiple technical challenges, 

such as shaping the wheels and mirroring objects to achieve symmetry. She spends some 

time experimenting in the software to solve these problems but eventually asks other users 

for help. In Karen’s view, it is more efficient to ask others than to seek information online 

because she avoids sifting through lots of irrelevant information. In addition, the other 

makers are knowledgeable and prepared to offer their assistance. Yet, Karen stresses that 

“I don’t want them to do it for me.” She seeks advice and instructions that enable her to 

do it herself.  

 

 

Figure 7. Karen’s makerspace project 

Karen receives some of the best advice about how to make the cars from a child at about 

nine years of age. This child provides explanations at a level of detail that the other 

makerspace users may not have the time to provide. Karen values that she can get 

different kinds of information from different users, for example because they differ in age 

and thereby outlook. The makerspace community consists of children, adults, and 

retirees. With the assistance of the other makers, Karen has successfully 3D printed 12 

pieces for her son’s board game and given them to him as a present. In addition, she has 

made her 3D models freely available to others. 

Karen rarely takes on complicated projects, but for every project she refines her skills and 

learns from the other users of the makerspace. While the makerspace gives her access to 

technologies she would not otherwise have access to, these technologies would not be 

useful to her unless the makerspace also provided a community of users ready to assist 

her in the use of the technologies and make it a pleasurable experience. 
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Per’s wheelchair (“prior knowledge”) 

Per has spent his professional career holding leading positions in sales, marketing, and 

communication. He uses the makerspace to solve a problem he has experienced in his 

life. Five years ago, he had a stroke. Since then, he has had to use a wheelchair to move 

around because his legs are partially paralyzed. Per experiences that he cannot reach 

objects at the upper shelves in the supermarket and that people literally look down at him 

when they are standing and he is in his wheelchair. With a background in business, it also 

bothers him that wheelchair users do not look very good in suits. Hence, Per began to 

envision ways in which electric wheelchairs could be redesigned for improved 

appearance, control, and feelings of self-efficacy (Figure 8). 

Per wakes up one day with a clear vision for an improved wheelchair. He has little prior 

skill in construction and design but knows that a prototype can help him communicate his 

idea. Therefore, he contacts a friend who recently purchased a 3D printer. From him, Per 

is redirected to the makerspace and its 3D-construction software. He explores the 

software in the makerspace and then goes home, downloads the software, and constructs 

his first prototype. 

 

Figure 8. Per’s makerspace project 

For several months, Per works sporadically on improving his prototype. In parallel with 

modelling, he seeks advice and feedback from innovation consultants and local 

companies. However, a personal experience and a coincidental conversation also affect 

his vision of the wheelchair. First, he crashes with a wheelchair while on vacation. This 

personal experience teaches him that stability, solidity, and safety are crucial 

requirements that necessitate changes in his prototype. Second, at a party, he sits next to 

an engineer from a company that produces electric scooters. After talking with this 

engineer, Per extends his design with a remote control.  

Per’s project is ongoing. His 3D-printed prototype has come quite far and he has started 

looking for a company that is interested in his product vision. He will not produce the 

wheelchair himself but provide the idea and the prototype design. Therefore, he is 
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currently starting a collaboration with a company that is technically capable of producing 

the wheelchair. 

Discussion 

The main findings of this study are that (1) experimentation is a prime source of 

information, (2) ease and pleasure are the dominant relevance criteria, (3) process and 

situation receive little attention, and (4) information sources vary across process stages. 

We discuss these findings in the following. 

Experimentation is a prime source of information 

The 13 makers obtain their information through experimentation 25% of the time. 

Experimentation is even more prominent (34%) for the seven makers in the largest 

cluster. This finding corroborates Li and Todd’s (2016) finding that makers engage in 

iterative trial and error. It also corroborates previous findings that experimentation is the 

most frequently used information source for visual artists (Hemmig, 2009) and engineers 

(Allen, 1966). The reliance on experimentation for obtaining information may, to some 

extent, be specific to people who create or design. At least, Allen (1966) found that 

experimentation was a less prominent information source for scientists, who mainly relied 

on literature and personal experience. However, few studies of information-source use 

include experimentation (Hertzum, 2014a); much more is known about how people and 

documents serve as information sources. When experimentation is included, it is often 

not called out but rather subsumed in discussions of how information is obtained by 

learning through participation in a community of practice (Lave & Wenger, 1991). 

Experimentation is the makers’ primary source of information during the construction 

stage of their projects. In contrast, it plays a secondary role during idea conception and in 

learning about the situation for which the product is made. While the situation involves 

the world as it is, construction is about the world to be. Experimentation gives material 

form to tentative ideas about what the product could be like. By inspecting these 

materials, the makers learn about their ideas. This process of trying out ideas is effective 

because it is as though the materials “talk back” (Schön, 1983) to the makers, who learn 

by listening and iterating. The effectiveness of experimentation is emphasized by the 

finding that quality of product is a more frequent criterion for choosing experimentation 

to obtain information than for choosing people and documents. 
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Ease and pleasure are the dominant relevance criteria 

The ease and pleasure of the information-seeking process are more important to the 

choice of information sources than criteria about the product. While this finding may be 

unsurprising in a leisure activity such as makerspace projects, previous studies find that 

accessibility and likability are also key criteria in selecting information sources at work 

(Fidel & Green, 2004; Lu & Yuan, 2011). For the makers, the different relevance criteria 

mainly apply to different information sources. Specifically, the dominant criterion for 

selecting documents is ease of process, whereas it is pleasure of process for people and 

quality of product for experimentation.  

The association between people and a pleasurable process is a recurrent theme in 

makerspace research, which often emphasizes their communal qualities (Koh, Abbas, et 

al., 2019; Taylor et al., 2016). The four makers in the second largest cluster value these 

qualities highly and, as a result, seek 60% of their information from people such as other 

makers. For some of them, including Karen, taking part in the makerspace community is 

as important as seeing their personal makerspace projects through to completion. The 

makers in the two other clusters attend less to the communal qualities of the makerspace 

and merely obtain 33% and 36% of their information from people. For example, Eva feels 

peripheral to the community in her makerspace because it mostly consists of men with 

interests different from hers. 

Process and situation receive little attention 

The makers devote little attention to the situation for which they make products and even 

less to active thinking about the process through which they make the products. These 

two knowledge areas account for 8% (situation) and 4% (process) of the makers’ 

information-source use. When they obtain information about the situation, it is mostly to 

set the scene during the early stages of their projects. With respect to process, it appears 

that the makers associate active process thinking with deadlines and tedious planning and 

deliberately avoid it. Several of the makers are explicit about not wanting to – and not 

having to – structure their makerspace projects like a project at work. 

The modest attention devoted to the situation and process begins to characterize how 

maker’s information behavior differs from that of creative professionals. In contrast to 

makers, creative professionals devote considerable attention to obtaining information 

about situational issues, such as client needs, and process issues, such as deadlines and 
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planning (Freund, 2015; Solomon, 1997). The reasons for this difference between 

makerspace projects and professional projects may include that makers are not 

accountable to a client. Instead, making is serious leisure (Kari & Hartel, 2007; Stebbins, 

2020): It is an uncoercive hobby activity that requires special skills and knowledge. Being 

a hobby activity, the makers are free to focus on the creative, experimenting, pleasurable, 

and social aspects of making (Li & Todd, 2016; Meyer et al., 2018). That is, they are free 

to pursue their own interests and can bypass the situation and process requirements 

inherent in work projects.  

Information sources vary across process stages 

The mix of information sources changes as the creative process progresses. The change 

is most evident for experimentation, which is used less than people and prior knowledge 

during idea conception but more than any other information source during construction. 

Eva and Per are examples of how prior knowledge and people are the dominant 

information sources at the beginning and end of the projects, while a broader mix of 

sources are consulted during the middle stages of the projects (Figures 5 and 8). Overall, 

the makers seek more information during construction than at the beginning and end of 

their projects. These findings support previous findings that information seekers use a 

mix of sources (Hertzum, 2014a). However, previous studies find either similar 

information-source use at the beginning and middle of projects (Koh, Snead, et al., 2019; 

Yitzhaki & Hammershlag, 2004) or more extensive information seeking at the beginning 

of projects because more issues are still unresolved at this initial stage (Ellis & Haugan, 

1997; Freund, 2015). 

We see two reasons for this difference between the makers and creative professionals. 

First, the focus of the makerspace projects tends to be a situation that is already known to 

the makers, at least partially. That is, they can draw on their prior knowledge, which is 

readily available. In contrast, creative professionals such as engineers do projects for 

clients and, thus, need to obtain information from the client before they can proceed from 

understanding the situation to devising the solution. Second, the makers learn the 

makerspace technologies as part of their projects. Learning the technologies is central to 

several of the makers’ motivation for conducting their projects. In contrast, creative 

professionals already master the technologies; it is for example on the basis of this 

mastery they attract clients. 
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The information source affected the least by the process stage is documents. They are a 

supplementary information source in all stages but idea development. A reason for the 

tendency toward more document use during idea development could be that their ease of 

process is particularly important at this stage because the makers are still exploring 

multiple options in a somewhat uncommitted manner. Once they begin to commit to one 

option, they shift to experimentation, which is more resource-demanding but also 

experienced as yielding better quality of product. While the makers in all three clusters 

make some use of documents, no cluster has documents as its primary information source. 

Limitations 

Three limitations should be remembered in interpreting the results of this study. First, it 

is restricted to adult makers’ self-driven projects in Danish library makerspaces. 

Makerspaces also host pre-planned activities for schools, youngsters, and other groups, 

who likely use and mix information sources differently. It is for future work to explore 

such differences. Further work is also required to establish whether our results extend to 

countries where libraries and their makerspaces have a different role in the local 

community. Second, we cannot rule out that modest sample size masked additional 

effects. One indication that real effects may have remained nonsignificant is the low 

observed power of the nonsignificant ANOVA tests. Third, most of our data concerned 

only two of the stages in Mace and Ward’s (2002) model of the creative process. Thus, 

the model merely provided a rough temporal breakdown of the makers’ projects. Future 

studies should consider other models of project stages or opt for longitudinal study 

designs to collect data as the creative process evolves. 

Conclusion  

Makerspaces are places for creative construction and a recent addition to libraries. In this 

study, we have investigated how makers obtain information for their makerspace projects. 

The interviewed makers seek information from people because it is pleasurable, from 

documents because it is easy, and through experimentation because it results in quality 

products. Furthermore, prior knowledge often supplies information about the situation for 

which the product is made. We see three implications of the study findings: 

First, experimentation is the dominant source of information during the construction stage 

of the projects. It is also the characteristic information source in the largest cluster of 
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makers. Yet, experimentation is often bypassed in studies on information behavior. 

Future work should elaborate how experimentation complements other information 

sources: Under what circumstances is experimentation preferred? What competences 

does it require? What is its relation to serendipitous encounters? How is it done 

effectively? We consider such studies particularly warranted in relation to the information 

behavior of makers and creative professionals. 

Second, the makers’ information behavior differs from that of creative professionals. The 

main differences are that the makers devote modest attention to the situation and process 

and that they seek more information during construction than at the beginning of their 

projects. Future work should verify and extend these differences. Several of the makers 

in this study had a background as creative professionals, but were now retired. Other 

makers, especially younger ones, may transition in the opposite direction – from makers 

to creative professionals. These transitions provide interesting possibilities for future 

work on the similarities and differences in the information behavior of makers and 

creative professionals. 

Third, makers’ information seeking is intertwined with their experience of the communal 

qualities of the makerspace. Thereby, the diversity of the makerspace community 

influences not just the makers’ community participation but also whether information 

appears accessible and projects doable. It is a considerable practical challenge to balance 

an inclusive community against one that stakes claims to the makerspace. This challenge 

emphasizes the importance of the human information sources in maintaining a 

community that invites information seeking. 
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Article 4. Appendix A 

The project breakdown form. All text in grey is example text based on the interview with 

Eva. 
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Article 4. Crafting, Connecting, and Commoning in Everyday Maker 

Projects 

By Árni Már Einarsson 

Published in International Journal of Human-Computer Studies 

Abstract. Makerspaces have spread to schools, museums, and libraries around the 

world. These are spaces that make technology construction more accessible and 

afford practices that situate makers as everyday designers. In this paper, the 

connection between makerspaces and makers' everyday lives is examined. For this 

study, thirteen makers were interviewed about the process of their everyday maker 

projects, and the data material was analyzed for practices, reflections on agency, 

and relations to places like the makerspace, the home, and beyond. Three distinct 

practices have been discovered and are described. Crafting is an individual, 

recreative, skillful, and immersive practice that connects to an individual 

workspace aside from the makerspace. Connecting is a creative, object-oriented, 

and interventionist practice that connects to everyday life situations open for 

inventions. Commoning is a social and communal practice that connects to the 

makerspace community. The makers' practices inform a discussion of the agency 

the makerspace enables, and the spatial practices that both enable and constrain 

actions. Also, because makerspaces are places that intend to make technology 

construction accessible and inclusive, diversity in maker communities, barriers to 

inclusion, and strategies to overcome these are discussed. 

Keywords: maker projects, makerspaces, crafting, everyday life 

Introduction 

Technology is undeniably entangled in our everyday lives. It is present when we pay with 

our phones in the supermarket, use our voice to control our home speakers, coordinate 

with partners virtually, track our movements, and so forth. On the one hand, many 

individuals’ daily routines become deeply dependent on technologies that only experts 

can comprehend and control. On the other hand, people resourcefully select, combine, 

place, appropriate, and repurpose technologies in creative, unexpected, and emergent 

ways to serve their daily activities (Wakkary and Maestri, 2008). Making is an activity 

where non-experts can take on the role of making, accustoming, or repurposing 
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technology and objects (Gershenfeld, 2012; Kuznetsov & Paulos, 2010; Roedl et al., 

2015). It is a practical, recreational, and social activity where the so-called “makers” use 

a combination of physical and digital technologies to learn about technology, express 

themselves, and make objects that can solve everyday problems (Gauntlett, 2018). In the 

process making, makers develop material skills to develop objects, social and 

communicative skills to talk about technology, and cognitive skills for critical reflection 

on technology in everyday life (Berland, 2016; Iversen et al., 2018). These potentials also 

motivate societal institutions like schools, museums, community centers, and libraries to 

dedicate space for people to access tools and materials, learn about technology, and form 

communities. This paper focuses on user practices in publicly-available makerspaces in 

Danish libraries. Library makerspaces are spaces that, in particular, aim to provide 

equitable access to tools and materials for making, encourage learning for their citizens, 

attract and foster communities, and renegotiate the relation between the library and the 

user (Slatter & Howard, 2013).  

The popularity of making can be attributed to ‘the maker movement’ (Dougherty, 2012) 

that is a combination of physical makerspaces, a new generation of powerful open-source 

software and hardware (Anderson, 2012; Kafai et al., 2014; Mellis and Buechley, 2012), 

traditional media and public events promoting the movement (Hepp, 2018), and an 

extensive online infrastructure supporting information sharing between makers around 

the world (Kuznetsov and Paulos, 2010; Tseng and Resnick, 2014). Scholars have pointed 

out that the maker movement holds liberating potential for people’s everyday lives, such 

as supporting creativity in everyday life (Gauntlett, 2018), including priorly excluded 

people in technology construction and entrepreneurship (Anderson, 2012; Hui and 

Gerber, 2017), and strengthening critical reflection on technology construction and 

consumption (Iversen et al., 2018; Roedl et al., 2015). Other studies add critical remarks 

to the empowerment agenda, pointing out that maker communities primarily attract users 

who already possess technical interest, knowledge, and skill (Dreessen and Schepers, 

2018; Eckhardt et al., 2021; Nagbot, 2016; Smit and Fuchsberger, 2020) and that the 

maker movement is a top-down dissemination of political and commercial agendas 

connected to ethnocentric views on empowerment and the future economy (Ames et al., 

2014; Hepp, 2018; Lindtner et al., 2016). Still, other scholars emphasize the mundane and 

recreative qualities that are connected to a productive and pleasurable leisure activity that 
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rather serves well-being than critical engagement in changing the world (Davies, 2018; 

Taylor et al., 2016).  

This study does not intend to decide whether makerspaces are empowering or not. Rather, 

the aim is to nuance the discussion by empirically exploring how people connect to social 

and societal institutions through practices of making in their everyday lives. Thirteen 

makers in five Danish publicly-available library makerspaces were interviewed about 

how they practice their maker projects in their everyday lives, and affiliate to contexts 

like home, work, and the library. The research question for this paper is how are maker 

projects practiced in everyday life, and how might everyday practices of making 

contribute to qualifying the role of makerspaces in the library and beyond? To unfold 

this question, three types of maker practices are analyzed and discussed in relation to the 

agency of individuals (Giddens, 1984; Orlikowski, 1992) and spatial practices (Harrison 

and Dourish, 1996; Lefebvre, 1991; Tuan, 1975). This study adds to an existing body of 

research on making and everyday practices by illuminating ways that makers’ diverse 

practices attribute meaning for individuals and transcend multiple contexts beyond the 

makerspace. 

Related Work 

In HCI, making has caught much attention because it reshuffles the roles of users and 

designers. For the last ten years, a substantial body of HCI research on the topic has been 

developed. Scholars have examined local and global discourses and ideals of making 

(Lindtner et al., 2016; Roedl et al., 2015), developed and evaluated physical tools and 

digital platforms supporting makers (Gershenfeld, 2012; Kafai et al., 2014; Mellis and 

Buechley, 2012; Resnick et al., 2009; Tseng and Resnick, 2014), analyzed processes of 

designing, facilitating, managing, and appropriating spaces for making (Dreessen and 

Schepers, 2018; Menendez-Blanco and Bjørn, 2019; Seravalli, 2018), and discussed 

maker activities in relation to learning, community-building, and equity (Bjørn and 

Menendez-Blanco, 2019; Devendorf and Ryokai, 2015; DiSalvo, 2014; Iversen et al., 

2018; Taylor et al., 2016). While it is important to assess tools, activities, and outcomes 

as they take place in the makerspace, this study adds to maker research by examining the 

intersection between making and everyday life. Studies on making have addressed 

everyday perspectives, including subtle and mundane everyday care actions that are 

crucial for maintaining makerspace communities (Toombs et al., 2015), the experienced 
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wellbeing of making craftwork relating to personal challenges (Taylor et al., 2016), and 

the inspiration makers find in their everyday lives (Gauntlett, 2018). Also, an important 

aspiration of makerspaces is to enhance technical literacy so citizens can engage in 

dialogues about technology and make reflected decisions about technology use in 

everyday life (Iversen et al., 2018).  

This study examines informal project-driven activities in publicly-available library 

makerspaces (Einarsson and Hertzum, 2020). Compared to school programs or short-term 

workshops, informal project-driven activities are particularly relevant from the everyday 

life perspective because for these users, making is a self-organized recreational activity 

taking place outside of school or work. The activity can take place over a longer period 

and interconnect with multiple places (e.g. home, work, other hobby interests, the 

makerspace, and the library), compete with other obligations, and attribute meaning to 

individuals’ everyday life. Furthering the everyday perspective enables a comprehensive 

picture of maker practices and makerspaces.  

The everyday life perspective is operationalized in terms of a practice-oriented view tied 

to the so-called third wave of HCI research. This line of research focuses on technology 

in relation to human motives and social contexts, and it is a response to a generation of 

technologies that broaden, intermix, and embed in people’s lives at work, at home, and 

beyond (Bødker, 2006; Harrison et al., 2007; Kuutti and Bannon, 2014). In other words, 

technology is designed to support particular tasks, but also implies a human engagement 

with objects by accustoming, combining, placing, appropriating, and redesigning them in 

creative ways to suit the diverse patterns of individuals' everyday lives. In particular, an 

everyday perspective opens op for understanding making as a material engagement that 

1) transcends multiple contexts in makers’ lives, 2) serves social, practical, and recreative 

objectives, 3) connects to more or less articulated rules and routines of societal 

institutions, and 4) (re)produces the institutions through actions.  

Agency and space 

There are multiple views on agency and power in HCI research. Schneider et al. 

(Schneider et al., 2018) demonstrate this exemplarily by surveying 54 CHI articles for 

notions of empowerment such as the power-to act or power-over to enforce actions, the 

manifestation as a feeling, action or knowledge, and temporary or long-term persistence 

of empowerment. Power-over is a realist idea in which power is coercive and distributed 
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among actors in an isolated system. Power-to is the individuals’ capacity to act on behalf 

of a future good. The power-to act does not necessarily require other actors to give up 

power (Schneider et al., 2018). While coercive power struggles undeniably also take place 

in the makerspace, this paper relies on structuration theory (Giddens, 1984) that considers 

power - the individuals’ capacity to act – as embedded in social institutions constituted 

by everyday life practices. 

From a structuration perspective, human actions and social structures form a recursive 

relation that is mutually constitutive. Institutions like the home, workplace, makerspace, 

or the local library all provide rules and resources that condition possible human activity. 

The structures are both enabling and constraining for human actions, and individuals’ 

produce and reproduce them through their actions. Wanda Orlikowski (1992) introduced 

Giddens’ (1984) work to information systems research almost three decades ago, 

clarifying the role of technology. In her model, technology is framed as a product and 

medium of human actions. Technologies are designed by people and influenced by 

organizational practices, norms, and culture. Yet, through use, people can conform to the 

institutional conditions or they can resist by appropriating, and thereby, potentially affect 

the organization. Translated into making, makers are enabled by the tools and resources 

made available in a makerspace, but there are limitations inherent to the tools available. 

There are also more or less formalized rules in a makerspace that affect possible 

behavior.  

While Orlikowski proclaimed the duality of technology as a framework to understand 

technology neither as deterministic nor as completely enabling, her later work directs 

attention to sociomaterial practices. Guided by STS and actor-network theory, 

sociomateriality represents an approach to understand the performative role of technology 

that is entangled and constitutive for human practices that has attracted much attention in 

the HCI community (Frauenberger, 2019). This view is not much different to viewing 

technology as mediating (Kaptelinin and Nardi, 2006) or as a resource (Giddens, 1984) 

but it directs attention to the emergent and entangled practices that are constituted by and 

constitutive for technology.  

While emergent practices in everyday life must be recognized (Wakkary and Maestri, 

2008), structuration also adds value by addressing systemic and historically developed 

ideals, practices, and challenges that are more or less consciously reproduced in practice. 

That can help to address making as a practice that reproduces order in everyday life, the 
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unconscious reproduction of inequalities in making, and the implicit rules that affect 

possibilities for makers when a makerspace is connected to established cultural 

institutions such as schools (Halverson and Sheridan, 2014), museums (Braybrooke, 

2018), community centers (Taylor et al., 2016), or libraries (Willett, 2016) as in this case.  

French Marxist philosopher, Henri Lefebvre, argued that space is not an empty container 

but constituted by a triad of forces. According to Lefebvre (1991), spaces are made of 1) 

the representations of powerful actors (experts) planning the spatial organization and 

anticipating the use, 2) the habitual use in everyday practice that aligns the space to 

routines, and 3) the representations of symbols that signal ways the space is lived. 

In a similar way, Harrison and Dourish (1996) introduced the notion of space and place 

to the HCI community stating that “Space is the opportunity; Place is the understood 

reality”. Space includes the material aspects such as people, objects, and their proximity 

that provide opportunities for actions. Place, however, is a layer on top of spaces that 

provides social rules and structures, suggesting what is appropriate or not. Although, the 

social structure can be considered limiting, it provides continuity, stability, and security 

that makes a place (Tuan, 1975).  

Researchers examining makerspaces tend to be aware of the distinction between the space 

as designed versus the space as used and appropriated. Lindtner and her colleagues 

(Lindtner et al., 2015, 2016), for instance, disclose the social, cultural, and economic 

conditions affecting the view of hacking across the world:  

It is particularly ironic, then, that while open hardware hacking in the West is 

celebrated as an enabler of future innovation, the open manufacturing mechanism 

of shanzhai is often denounced of holding China back on its path to modernization 

(Lindtner et al., 2015) 

This example illustrates that open hardware itself is not empowering or democratic. 

Instead, to make makerspaces work in social, material, and cultural conditions, the ideals 

are appropriated into the local contexts. Menendez-Blanco and Bjørn (2019) study the 

appropriation through Facebook activities of 15 makerspaces in Copenhagen. They find 

that subtle visual and discursive cues communicate to users what is unique for every space 

and delimit the insiders from the outsiders. It determines which groups are most welcome, 

what is appropriate to construct, and the skill level required for participating. Such 

communications are on the one hand exclusive, but it also constitutes and reinforces the 
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makerspace, its uniqueness, and its community. In addition to the subtle cues, library 

makerspaces also hold institutional expectations that affect who enters and what may be 

produced. Libraries implement makerspaces to attract new users, allow access to tools for 

expression, enhance digital literacies, and support community-building (Slatter and 

Howard, 2013; Willett, 2016). Also, library makerspaces symbolize a reorientation away 

from the library as a knowledge repository towards a performative use of the library 

where the user takes an active role in producing and sharing information instead of merely 

accessing and consuming it. Library makerspaces can be configured in multiple ways 

(Caso and Kuijper, 2019) and support a wide range of activities (Einarsson and Hertzum, 

2020) but they in particular hold a democratic commitment to be accessible for and reflect 

the diversity of citizens in their communities (Audunson, 2005; Jochumsen et al., 2017).  

Methodology 

Everyday life 

Practices such as making are material engagements that require competence and create 

meaning for individuals (Shove et al., 2012). In everyday life, practices flow across a 

mosaic of contexts and places (Bakardjieva, 2011) and are organized, timed, scaled, and 

accustomed to suit the rules and obligations at home, at work, at the makerspace, or in 

other leisure engagements. This study draws on interviews with thirteen makers that 

engage in library makerspaces about their maker projects. While observations in everyday 

life can provide an in-depth account of emergent practices and creative appropriations in 

use (Wakkary and Maestri, 2008), the benefits of interviews are that they can scaffold 

reflections about the interconnected places and activities beyond the immediate situation.  

Recruitment 

The data material for this research is based on semi-structured interviews with thirteen 

makers recruited from makerspaces in five Danish public libraries spread across three 

regions in Denmark. The participants were identified and selected from a user survey 

distributed in the five makerspaces on their local Facebook groups. The survey included 

questions about the users age, gender, level of experience, frequency of use and length of 

affiliation, motivations, satisfaction with tools, space and services, and perceived barriers 

of use regarding their local library makerspace. In total, 79 makerspace users completed 

the survey and 49 agreed to be contacted for a follow-up interview. Only makers that had 
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completed makerspace projects were recruited. Also, to encompass the diversity of user’s 

practices, maximum variation within the sample was sought. This included striving for 

fair representation of the five makerspaces, and diversity in terms of demographic 

characteristics, experience levels, use patterns, and motivations for participating in the 

makerspace. 17 users were invited for a follow-up interview and 13 makers agreed to 

participate. The participants' backgrounds and projects are described in Table 2. 

Interview procedure 

The interviews were semi-structured and conducted virtually through Zoom (N=8), 

Microsoft Teams (N=1), or by phone (N=4). The interviews lasted one hour on average 

and were separated into two parts. The first part of the interview prompted the 

participants' trajectory of becoming members in the makerspace and follow-up questions 

regarding use patterns, motivations, and barriers based on their survey responses. This 

part provided general discussions about the affiliation to the makerspace and motivation 

to participate.  

As agency in this research is considered to be embedded in everyday practices, the second 

part of the interview focused on providing detailed descriptions of the participants' 

projects, including their sequences of steps in projects, flow across places, problems 

encountered, experiences in particular situations, and actions to overcome problems. A 

shared spreadsheet was used to map the projects during the interview because both maker 

projects and everyday life practices can be difficult to articulate due to their practical, 

non-controversial, and tacit nature. During the interview, the participants were first asked 

to outline the steps of their project (mapped in the columns). Then, within each step, 

participants were prompted to answer the following questions:  

• Please explain what happened during this step. (Headline) 

• Where did this step take place, and were other people involved? (Context) 

• What emotions did you experience during this step? (Emotions) 

• What challenges or setbacks did you experience in this step? (Barriers) 

• What information did you seek during this step? (Information interaction) 

Visualizing the steps for the participants supported reflection on their process. This 

included connecting places, information-seeking patterns, and emotions as part of 

specific tasks, the articulation of detailed and tacit considerations and decision-points in 
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user projects, and reasons behind their actions. Also, the overview supported participants 

recalling taken-for-granted actions in between the steps or in earlier stages of the projects. 

Due to the reflections made during the interviews, interview questions were not asked in 

sequential order but rather addressed as topics to cover within each step. The interviews 

were finalized when a comprehensive overview had been established. 

Code Definition Example 

Background Statements that describe the participants' 

personal and professional background, 

the trajectory to become a maker and 

makerspace participant, descriptions of 

personal philosophies, motivations, and 

level of expertise. 

"I'm a trained electrical engineer in defense, 

and I have always been interested in 

technology. I heard that one of my former 

colleagues attended the makerspace. He 

approached me and persuaded me that the 

makerspace was a place for me." 

Described 

practices 

Statements that describe projects or 

actions during maker projects, including 

steps and procedures, challenges, decision 

points, the context of action, and 

temporality in projects.   

"I change a lot during the design process. 

Then, I think about the solutions, and after 

a few days, I think 'that could be solved in a 

smarter way by this or that.' The brain is at 

work and constantly developing".  

Reflections on 

agency 

Statements that describe the participant's 

perception of the agency, including ways 

maker tools, maker projects, or 

makerspace enable or disable actions. 
Also, actions reproducing the social order 

were coded.  

"I think I started to make something useful. 

I don't make downpipes because that 

wouldn’t make sense. If I can buy things 

cheaper at the store, I don’t make them 

myself". 

Relation to 

space and 

place  

Statements that describe the participant's 

perception of places, including 

affiliations to the makerspace, library, 

other hobby communities, and home.  

"As you might sense, I have a lot on my 

plate and need to prioritize between my 

family, makerspace or motorcycle…and 

here, I must prioritize the makerspace 

because it is 'hygge'".  

Table 1: Coding Scheme 

Data analysis 

The virtual interviews were video recorded, and phone interviews were audio recorded 

with consent from participants. All interviews were transcribed. Nine of the participants 

also provided additional documentation in the form of photos and models of their projects. 

The data material was analyzed in three iterations, comprising coding, summarizing, 

grouping, and theorizing. First, all interview manuscripts were coded for statements 

revealing background information, practices, reflection on agency, and affiliation to space 

and place (see Table 1).  
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Coding was conducted by the author to detect relevant characteristics for grouping. The 

topic of interest is the makers' everyday life, and therefore, the unit of analysis is a holistic 

view of the individual makers' practices, meaning-making, and spatial affiliations. 

Therefore, the codes were analyzed and summarized in a document characterizing each 

makers' practices, affiliation to space, and reflection on the agency. A comparison of the 

thirteen interview summaries revealed variations in terms of the following:  

• Competence reflected in the complexity of the project 

• Motivations, goals, and objectives of the maker project 

• Use of and affiliation to the library, the makerspace, and the community 

• Interconnections between the maker project and other places, like home, work, or 

other hobby interests 

In the comparison, three types of practices were identified:  

• Crafting, an individualistic, skillful, immersive, and intrinsically satisfying 

material engagement. The practice is sustained over time and acknowledges a 

historical discipline. This practice is primarily placed in a personal workshop 

where the makerspace holds a secondary role that is supportive or practical.  

• Connecting, a creative, object-oriented, individual, and expressive practice. 

This practice is temporary and combines the ability to detect meaningful 

situations in everyday life that are open to intervention and the use of 

possibilities in the makerspace to make the intervention.  

• Commoning, a social and communal practice. The practice is sustained 

participation in the makerspace motivated by and contributing to the 

makerspace as a place.  

The categories are not mutually exclusive and reflect a spectrum of spatial practices that 

can be combined. Nonetheless, all users were affiliated and analyzed as part of the 

primary practice driving the makers activity. The participants' background and 

motivations, and projects are described in Table 2. John, Simon, and Svend's practices 

are grouped as commoning for their close affiliation to the makerspace community. 

Emma, Jacob, and Lars' practices are grouped as crafting through their attention to detail, 

expertise within a domain, extensive processes that include several iterations, and 

individual pleasure in tinkering. Finally, Peter, Lana, Fiona, Carla, Kim, Mark, and Niels' 

practices are grouped as connecting due to their care for symbolic representations in their 
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designs and their ability to use tools in the makerspace to make objects for other situations 

in their lives.  

Name Age Years of 

experience 

Background and motivations Project deconstructed during interview 

John >50 >2 John is a software engineer and a 

driving force in the makerspace. 

Aside from participating in 

collaborative projects, he tutors 

users in the makerspace.  

John participates in a collaborative 

makerspace project of building a water UAV. 

During the project, participants both work 

collaboratively on scoping, selecting 

templates, testing solutions, and discussing 

alternatives. Work is also distributed between 

individuals. Most aspects of the project take 

place in the makerspace but participants also 

coordinate on Facebook.   

Simon >50 1-2 Simon is an electrical engineer 

and a regular participant in the 

makerspace. For years, he has 

tinkered with electronics at 

home, and for him, the 

makerspace is an opportunity to 

share his hobby with like-

minded people.  

 

Simon makes an Arduino-controlled device 

for distance measurement to be presented by 

the makerspace at a conference. The project 

requires using multiple skills in electronics 

and construction. The project is carried out 

both in the makerspace and in his home office 

and presented externally at a conference 

representing the makerspace.   

Svend >50 1-2 Svend works for the local 

municipality, and is a regular 

participant in the makerspace. 

He uses the makerspace to tinker 

with 3D- and electronics 

projects, to learn, share with 

others, and be a part of the 

community.  

Svend makes an exhaustion system for the 

basement at home. He iterates between 

tinkering with the controller at home and 

seeking assistance and borrowing 

components from users in the makerspace.  

Emma >50 1-2 Emma is a retired designer. The 

makerspace enables her to 

maintain and develop her design 

abilities. She mostly uses the 

makerspace to produce 

prototypes. She enjoys the useful 

feedback from selected users in 

the makerspace but is interested 

in the community due to their 

focus on technology instead of 

making useful things. 

Emma makes a 3D printed prototype of a 

folding table for the home. She approaches 

the design process in a structured way that 

allows her to reflect on detail and receive 

feedback from others. Her final 3D design is 

to be manufactured by a local craftsperson.  

Jacob >50 >2 Jacob is a software engineer who 

spends much of his spare time in 

his personal woodworking 

workshop in his basement. He 

uses the makerspace to acquire 

help in areas where he is less 

proficient such as programming 

microcontrollers. 

 

 

 

Jacob makes CNC-milled cutting boards with 

various patterns and motives. He has 

rehearsed the process multiple times, 

experimenting with different materials and 

processes, and gradually adding more 

complex patterns and finishing touches. 
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Lars >50 >2 Lars is a professional ship 

controller and train model 

hobbyist who uses the 

makerspace when he is off duty. 

He is a regular participant in the 

makerspace, and an expert user 

in laser cutting.  

Lars makes laser cut reconstructions of 

buildings intended for hobby train 

environments. He makes three types of 

houses over several iterations, striving for 

sufficient quality and detail to get his product 

acknowledged by other train hobbyists and 

potentially sold. 

Peter >50 1-2 Peter is a marketing professional 

who retired early due to a stroke. 

Peter uses the makerspace to 

make prototypes and discuss his 

ideas with others.  

Peter makes a redesigned prototype of a 

wheelchair due to his personal situation. 

During the project, friends, makerspace staff, 

and external actors are involved in providing 

feedback. He uses the makerspace to seek 

assistance in 3D-design and production but 

develops the models at home.  

Lana 30-

39 

1-2 Lana is an unemployed 

landscape architect and a mother 

of two daughters. She uses the 

makerspace occasionally to 

make t-shirt prints and other 

creative projects. Her family is 

also involved either with her in 

the library makerspace or in the 

creative process.  

Lana makes a t-shirt print intended as a 

goodbye present for a kindergarten teacher. 

The present is designed at home, printed and 

pressed in the makerspace, and presented to 

the kindergarten teacher.  

Fiona >50 >2 Fiona is a recently retired library 

professional who got involved in 

the makerspace through her 

work. She attends the 

makerspace alone during the day 

to rehearse her skill to make 

objects like t-shirt prints and 

laser cut suitcase tags.  

Fiona places textile print on t-shirts for 

granddaughters. Most of the process is in the 

makerspace where she adds text to t-shirts, 

corrects errors, and redoes the process. The 

gift is presented to girls.  

Carla >50 >2 Carla is retired teacher who has 

spent much of her life on creative 

unfoldings like woodworking, 

drawing, and carpentry. She uses 

making as a mental exercise but 

also appreciates help from users 

of all ages in the makerspace.  

Carla makes laser cut pieces for a board game 

for son. She enjoys being able to help him and 

upcycle the game. She makes the pieces 

during a couple of weeks, selecting 

appropriate designs, choosing the right tool 

for the task, and finally, laser cutting the 

pieces. Except for handing over the present, 

all parts of her project take place in the 

makerspace.  

Kim >50 >2 Kim is an unemployed graphic 

designer who got involved in the 

library makerspace as part of an 

employment program. He 

learned to master the laser cutter 

that intersected with his graphic 

design abilities and became a 

regular member after the 

program ended.  

 

 

 

Kim makes a boat sign with his friend for a 

third party. His friend told him about the goal 

to make the sign and Kim suggested making 

it in the makerspace, and helping him with the 

process. Kim helps to design and produce the 

sign but is not involved in handing over the 

present.  
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Mark 20-

29 

>2 Mark got involved in the 

makerspace after taking an 

introductory tour of it with his 

friends. After that, he has 

tinkered with the tools in the 

makerspace and took interest in 

3D-design and printing because 

it intersected with his hobby of 

role playing.  

Mark makes a 3D-printed club for his role-

playing friend. At home, he searches online 

for references and 3D-objects to combine and 

adapt for his purpose. In the makerspace, he 

produces the 3D prints and returns home to 

assemble the pieces. Marks finds many 

aspects of the process dull but persists as he 

is motivated by the final goal.  

Niels >50 <1 Niels is an IT security consultant 

and uses the local makerspace 

occasionally. He is attracted to 

the makerspace because he 

enjoys tinkering with technology 

but feels too shy to participate 

fully in the community.  

Niels reconstructs a board game for his 

brother-in-law with a laser cutter. The project 

develops from a making few pieces to 

remaking the whole game. Niels spends a 

couple of months on the project and hands it 

to his brother-in-law as a Christmas present.   

Table 2. Participants, their age, years of makerspace experience, background and motivations, 

and projects described.   

Results 

In the following, the practices of crafting, connecting, and commoning are unfolded. 

Crafting (Sennett, 2008), connecting (Gauntlett, 2018), and commoning (Hillgren et al., 

2016) are not unfamiliar terms in the maker literature, so the findings are complemented 

by prior research. The results section focusses on uncovering the three practices, 

including their material engagement, competences, barriers, and relation to everyday life 

that informs a broader discussion of place and agency in making in the discussion section.  

Crafting  

In ‘The Craftsman’, Sennett (2008) describes how craft is about the intrinsic satisfaction 

of doing good work, caring about detail, and making quality products. Craftspeople 

connect to a discipline and repeat their actions over and over again to specialize and refine 

their skills. Three of the thirteen interviewed makers' primary practice qualifies as crafting 

for their described pleasure in being immersed in their projects, having deep and skillful 

engagements with materials and tools, and striving to improve the quality of their 

projects. 

Crafters take on complex projects, and they work individually. For instance, Lars, who is 

a maker and a train hobbyist. From visiting conferences and participating in train 

modeling communities, he noticed that all tracks are decorated with houses, and identifies 

that there could be a market for prefabricated houses based on the Danish architectural 
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discipline ‘Bedre Byggeskik’ (Nielsen, 1980). Lars is already skilled in 2D and 3D 

drawing, so he starts spending time in his home office researching Danish standard 

architecture, reading books about the topic, and drawing and refining 2D and 3D models 

until they look realistic. Because he enjoys the process and other train hobbyists might 

use his models, he cares about the quality of materials, smart and easy-to-use design, and 

details. Therefore, his prototype has gone through multiple iterations, and he spends 

several evenings nurturing for the details such as making integrated lights with invisible 

wiring.  

 

Figure 1. 2D, 3D, and physical model of Lars’ project 

The three crafters are self-sufficient in most aspects of their projects and prefer to carry 

out most tasks in their projects individually in their home office or their private 

workshops. The crafters' projects follow a similar iterative pattern of researching, 

analyzing, designing, and modeling at home. The makerspace then serves primarily as a 

place to access tools the crafters do not have at home, and to receive feedback on concrete 

prototypes or seek qualified advice regarding problems they meet. All three crafters 

attend the makerspace but they are not necessarily closely connected to it. Lars values 

aspects of sharing knowledge and learning from others, while Emma and Jacob rather 

highlight the benefits of getting specific help or feedback on their constructions. Emma 

dislikes the community's focus on technology instead of the design of usable products, 

and Jacob argues that the connection between the library and makerspace is inappropriate 

and a waste of public resources. Nonetheless, through the makerspace, the library has 

successfully attracted users who otherwise would not have come there: “Before, I’d never 

set foot in the library. I searched the internet for books. Now, I use it a lot to get 

information and bring books home instead of buying them” (Emma). As Emma 

articulates, her participation in the makerspace not only brings her to the library but also 

converts her into using traditional library services.  
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Crafters acknowledge and rely on a history of knowledge and expertise. Instead of 

viewing the future as open for change, crafting is about a complex dialogical relation 

between past, present, and future (Crook, 2009). The crafters have a connection to the 

past by acknowledging design, woodworking or house construction as historical 

practices. Emma, for instance, applies her systematic approach to design from her career 

in the textile industry in her projects, Jacob follows selected craftsmen on YouTube, and 

learns standard techniques and processes, and Lars examines books about architecture for 

details about materials of the houses and the processes of their constructions. More 

directly, crafting contains a series of iterations where quality is improved, practices are 

repeated, and skills and know-how are acquired. For instance, Jacob has engraved 

hundreds of cutting boards in different materials, patterns, and at different levels of 

difficulty with his CNC mill. This, according to Sennett (2008), is the repetition that 

builds craftsman skills, specialization and enables the crafters to take on complex 

projects.  

As Sennett argues, craftsmanship is about the quality work for the sake of it. Therefore, 

for the crafters, making quality items is more important than finishing quickly or taking 

the fastest route. Emma, for instance, explains, “You need to know what you’re doing. 

That’s why I’d never download files from the internet. I need to know how they’re made. 

There is no easy solution; I need to figure it out myself”. Although it might be a slower 

path to the solution, crafting appraises the value of control and autonomy of the design. 

Jacob also adds that autonomy contrasts his crafting from his day-to-day job:  

The fascinating thing about going down to the basement and making something is that 

you aren’t accountable for your time anymore. At work, you’re measured by the time you 

spend in accomplishing something. When I go down to the basement, I can have an idea, 

spend days on it, and if it doesn’t work, no one cares.   

Jacob’s statement both reflects the therapeutical aspects of crafting and the joy in the 

process. Yet, it also reflects a difference between hobbyist crafting and modern 

professional labor. Jacob’s work as a software engineer is rewarding for him because he 

delivers results and satisfies customers' needs. Yet, time often constrains him in 

producing the most appropriate solutions or tinkering with the details he cares about. As 

Sennett also argues, technology has deprived workers of repetitive and holistic practices. 

In contrast, crafting allows a holistic process where there is a direct connection between 

efforts, iterations of testing, and the quality produced that is satisfactory for crafters. For 
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people like Jacob, making hobby projects is not about the product but the satisfaction of 

connecting to a holistic process that is a recreation from work.  

Connecting 

Makerspaces allow people otherwise excluded from technology construction to take part 

and express themselves in new ways. Gershenfeld (2012) claims that people, with a new 

generation of fabrication tools, can “make almost anything” that captures the liberated 

spirit of connectors. In the same optimistic vein, Gauntlett (2013) argues in favour of the 

creative potential of the current generation of digital technologies. Making, according to 

Gauntlett (2013), is about connecting materials and ideas, social relations, and virtual and 

physical communities for self-expression. 

Seven of the thirteen makers' primary practice is connecting. As a maker practice, 

connecting is about detecting problems or opportunities for interventions in the everyday, 

and despite limited experience, apply tools in the makerspace for projects to make the 

intervention. These projects are short-term, at times limited by a deadline, require little 

prior technical experience, are manageable in their complexity, and connect to other 

personal hobbies or social bonds outside the makerspace. Thus, projects can have diverse 

outcomes, six of the seven connectors interviewed engage in making personalized gifts 

for friends and family. Lana, for example, engages in making a textile print on a tote bag 

for a teacher in her child’s kindergarten. The teacher is liked for making sketches that the 

children then color. Therefore, Lana decided to print one of the sketches on the tote bag 

that symbolize their appreciation. To do so, she uses a prior sketch as a reference and 

marks up the lines at home. In the makerspace, she makes a vinyl cut and presses it into 

a tote bag. While this process does not require advanced skills, the importance for the 

connecter is deciding the appropriate motive with a symbolic expression reflecting the 

relationship between the giver and receiver. 
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Figure 2. Lana’s maker project – Drawing marked up, cut, and pressed on tote bag. 

Because the connectors are more drawn by the symbolic communication established in 

the early stages of the projects than details in the production, the objects represent a lo-fi 

aesthetics (Spencer, 2008). Mark, for instance, clearly states that connecting is about the 

goal, not the process: “Again for me, the process is insignificant. It’s a means to an end. 

It’s not something I find super intriguing but rather a part of the production of the 

project”. To make a club for his roleplaying friend, Mark searches online databases for 

premade 3D objects on Thingiverse, remixes them into his personal production, and when 

finished he shares images and 3D-models in a role-playing Facebook community for 

others to use. Like the other connectors, he is focused on the goal, and therefore, he spends 

little time experimenting or adding complexity. Similarly, Fiona explains that she only 

fixes major problems, not minor mistakes in her project. She elaborates that when making 

t-shirt print for her two granddaughters, she encountered two problems: First, there was 

a misspelling in the print that she chose to correct. The second problem concerned 

inserting text and images on the same t-shirt. She knew when printing both at the same 

time would enhance alignment and quality. However, after tinkering with it for a while, 

she selected the easier alternative of printing in two rounds. “Well, the result was good 

enough for the children, but I felt that I cheated. Sometimes you cheat and pick the easiest 

solution. I just became tired of tinkering with it. I sometimes do that when things become 

too cumbersome”. Connectors do appreciate mastering the tools and processes, but they 

also work around problems with the tools at hand to get things done quickly. That reflects 

that creative and expressive qualities of connecting can constrain deep understanding of 

specific tools, materials, and processes.   

Connecting is also a practice that associates with a multiplicity of places. First, connectors 

are connected to the context of use. This is reflected in their symbolic communications 

expressing an understanding of the preferences of the receiver of a gift or subtle codes in 

a hobby community, involving family or friends in the process or making objects 

addressing problems in their own everyday life. Second, connectors connect to multiple 

platforms online. They seek information intensively when defining a project or problem-

solving and follow hobby groups on social media platforms. Here, they are also presented 

with solutions that might apply in their everyday context. Third, they are connected 

loosely to the makerspace. Most of the connectors only participate in the community 

when they have a relevant project and prepare most designs at home. While connectors 
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might not have skill or interest in taking on complex projects, their agency lies in the 

ability to notice appropriate situations in their everyday lives to apply technical 

possibilities in the makerspace.  

Commoning 

Commoning is a set of practices of sharing resources, information, and ownership of the 

makerspace (Hillgren et al., 2016; Seravalli, 2018). This is in line with characterizations 

of makerspace by their physical, co-located qualities that afford collaboration, peer 

assistance, and the development of friendships. Accordingly, Taylor, Hurley, and 

Connolly (Taylor et al., 2016) emphasize the social values in communal makerspaces: 

“Makerspaces are rarely just where fabrication could be carried out. Rather, they are 

hubs of community, where people come together to work together, learn from each other, 

or simply socialize”.  

Three of the makers’ primary practices in the makerspace can be characterized as 

commoning. For users practicing commoning, the social qualities and collective goals in 

the makerspace are equally important for their maker projects. The users develop strong 

bonds with the makerspace because they attend it regularly, whereby it supports them in 

getting to know other users and continuously strengthen their relations with them. Simon 

explains the social atmosphere with the Danish phrase ‘hygge’: “to be able to go there 

and talk to others and ‘hygge’. You can just be in the makerspace and’ hygge’ where you 

don’t have a project per se”. For Simon, ‘hygge’ represents an informal space where there 

are no requirements for participation or formalized deadlines or goals to adhere to. 

Instead, there is space to tinker with technology, discuss with other users, and a feel 

accepted and a sense of belonging. The co-situatedness also affords informal exchanges 

of information and stuff. As Svend argues, “I prefer the physical contact. Not because I 

don’t use the internet. I do that in my daily life, but I enjoy talking to people, and there 

are some very engaged helpers and users in the library”. While the commoners do use 

the internet to seek inspiration, acquire components or problem-solve, the co-presence 

and informal support in the makerspace are driving for their sustained participation.  

For users practicing commoning, the collective goals of the makerspaces at times overrule 

the makers’ engagements in projects. For example, for John who is a founding member 

and a volunteer in the makerspace. The tools in the makerspace are intuitive for him due 

to his work as a software engineer but still, he describes his role as primarily to support 
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others getting started or providing assistance to projects. When he engages in projects, 

these are either small-scale projects or collaborative projects. He participates in a project 

about making an unmanned underwater vehicle (UUV). In the project, four makers 

collaboratively selected a reference to build upon and contribute to each with their area 

of expertise. One maker made 3D-printed propellers, another build the frame and gathers 

components, while John contributes with his programming skills. Yet, as John is 

committed to inspiring others to work with technology, the main purpose of the project 

for him is to do “something while you’re there anyway.”. In a similar way for the three 

commoners, their projects are not driven by deadlines and have a form that can be packed 

away, stored, and revisited. Commoning, therefore, is not per se a project-driven and goal-

directed practice. Rather, it is a practice that reciprocates to the community and 

acknowledges the makerspace as a socially meaningful place. The role of the project, 

therefore, is not in producing the object itself but also to legitimize participation in the 

makerspace.  

 

Figure 3. John’s collaborative project – Common reference and guide, 3D-printing of propellers, 

and testing a motor in water.   

As commoning reflects an ongoing participating and close connection to the makerspace, 

it also shapes the space. In the library makerspaces, the data material suggests that 

commoners meet around a shared interest in electronics and technology. All three users 

who primarily practice commoning attend the same makerspace, have professional 

backgrounds in electronics and engineers, and even use the space to connect to old 

colleagues: “Many of us know each other in advance. I’ve worked with several of the 

other users. They’re also technicians, have the same interests, and then we meet there” 

(Simon). Being together in the makerspace is both socially valuable but also affords the 

users to share information and resource, observe each other’s projects, and discuss ideas. 

While these users are willing to share knowledge and expertise, strong bonds in the 

community and a focus on technology can be a barrier for newcomers.  
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Discussion 

The maker movement provides a discourse about democratizing technology production 

that has caught the attention of universities, schools, libraries, and museums. As other 

authors have stated before me, the discourses of empowerment through making are 

shaped by cultural conditions, supported by political and economic incentives, and at 

times exaggerated (Ames et al., 2014; Hepp, 2018; Lindtner et al., 2016; Roedl et al., 

2015). Undeniably, the current generation of physical and digital tools (Anderson, 2012; 

Gauntlett, 2018; Gershenfeld, 2012) makes technology production more accessible for 

the general public. Nonetheless, discourses of empowerment, counterculture, and 

innovation are at the risk of blurring how making is practiced by users in their mundane 

everyday lives. The everyday life perspective recognizes that individuals traverse 

multiple contexts to achieve their personal goals. It also highlights the extraordinary in 

the everyday, the mundane routines, and the authenticity and unobtrusiveness that can 

provide conditions for growth (Bakardjieva, 2011). This research discloses the 

multiplicity of practices that constitute the makerspace and contribute to shaping 

institutions beyond it, such as the library. 

Individual agency of makerspace users 

It is evident from the data material that crafting, connecting, and commoning are practices 

that enable production of objects, not technology. For some users, the process of making 

enables them to develop, be creative, learn, relax, or build social relations. For others, it 

is about the outcomes, such as solving an everyday problem or personalizing an object 

for a particular person. While all makers need to prioritize time from other activities for 

their projects, crafting and commoning in particular build on long-term routine 

engagement. Commoning requires continuous participation in the makerspace to develop 

a close connection to other users, and crafting is an incremental development of 

competence, material know-how, and affect for quality objects over time. While research 

has stated that crafts may be seen in opposition to the alienating forces of capitalist 

production (Campbell, 2005; Sennett, 2008), the results of this study add more 

complexity to this argument. Crafting is a recreative practice that affords autonomy and 

control over processes and outcomes. Crafting may be understood in opposition to work, 

but crafters in this study view their practice as a complement to work building on top of 

professional experiences or of making as a recreative supplement to their work. In a 
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similar way to Hallnäs and Redström’s (Hallnäs and Redström, 2002) description of 

everyday life objects that fade into the background and become subtle parts of our 

lifeworlds through their meaningful presence, the continuity of crafting also becomes part 

of the makers' lifeworld. Crafters in their home workshops or offices immerse themselves 

in their projects, nurture for the details, iterate on designs, and continuously refine their 

skills for the intrinsic pleasure of the process. They apply priorly acquired experiences, 

comply with a discipline, and foresee future steps. Eventually, the activity fades to the 

background and turns into intrinsically meaningful practice. Connecting, on the contrary, 

builds less on continuity and more on detecting a problem and combining it with the 

appropriate tool. Connecting is a short-term, object-oriented practice that is enabled by 

access to tools through the makerspace. Connecting does not celebrate the ‘Creative 

genius’, but the everyday life creativity (Gauntlett, 2018; Tanggaard, 2013). As 

Tanggaard (2013) explains, everyday creativity is not just about the materialization of an 

idea (invention) but also applying it to social practices. As connectors seek the easiest 

path to their goal, their creativity lies not in the construction itself. Rather, their creativity 

is in developing an expressive object and introducing it into a new context, for instance 

by gift-making. While tinkering with technical problems might motivate crafters and 

commoners, it frustrates and discourages connectors. Commoning appraises and 

reproduces the social aspects of the makerspace, in which personal projects are not the 

end in themselves but rather a means to legitimize participation and socialization. While 

connectors and crafters may be viewed as pragmatic, networked individuals who connect 

loosely to multiple spatially distributed communities (Rainie and Wellman, 2012), 

commoners appraises face-to-face meetings, continuous participation, and a sense of 

social belonging.  

To summarize, makerspaces are resources that enable recreation, socialization, and 

intervention in everyday life. Reflecting on the diversity of practices can be useful for 

practitioners to understand what drives makers' participation in the makerspace, and to 

address potential pitfalls in the makers' activity. For instance, connecters might need 

support and help to take on more advanced projects, crafters might need support and 

encouragement to share their competences and ideas, and commoners might need support 

to identify and develop relevant projects. 
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Making of places 

The spatial practices also signal what behavior is ‘in place’ (Harrison and Dourish, 1996) 

in the makerspace. In particular, the community of participants who regularly participate, 

take interest, and develop ownership of the space reflect the boundaries of the makerspace 

(Menendez-Blanco and Bjørn, 2019). In alignment with prior research (Dreessen and 

Schepers, 2018; Eckhardt et al., 2021; Nagbot, 2016; Smit and Fuchsberger, 2020), this 

study finds that maker communities – also in libraries – attract male users with a 

background in electronics or engineering. Smit and Fuchsberger (2020) precisely 

articulate the paradox of a homogeneous community as the following: “[..] community 

can be a double-edged sword, providing support and relationships to those in it, but 

further alienating those who are not”. This study also finds that some crafters and 

connectors do avoid the community due to priorities in their everyday life activities, 

personal preferences for working alone, and because they are most interested in their 

personal projects. Few makers also mention that it is due to the gender distribution and 

feeling of not being represented in the community. From the perspective of Lefebvre’s 

(1991) triad of forces that make up a space, makerspaces are made of practitioners 

organizing the space and planning activities, regular users shaping the space through their 

practices, and the signs and symbols reflecting the place. These are also dimensioned to 

reflect on how makerspaces could become more inclusive. From the planning perspective, 

practitioners can seek to make their makerspace more inclusive by making rules and 

overtake responsibilities from the community. This approach can be necessary in 

situations where the community causes conflicts or does not accept newcomers. However, 

as Seravalli (2018) finds, such interventions can lead to sudden and unanticipated changes 

in the participation of the community. In addition, a well-functioning community is an 

asset to a makerspace and the makers who practice commoning report a genuine interest 

in including less experienced users. The community connects makers, allows them to take 

ownership, supports a sustained activity, and ultimately, transforms a makerspace into a 

more coherent and meaningful place. From the spatial practice perspective, another tactic 

is to arrange activities directed at selected non-user groups. Dreessen and Schepers 

(2018), for instance, sought to recruit young people by making activities to fix and 

repurpose things and making football equipment, Roque (Roque, 2016) recruited families 

in low-income neighborhoods to participate in “Eat, Meet, Make, Share” to enhance 

understanding and support dialogue around computing, and Kuznetsov et al. (Kuznetsov 
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et al., 2011) invited ‘at-risk’ girls to participate in a five-week program using creative 

materials, including the Arduino LilyPad. These activities contribute to attracting new 

groups to the makerspace, strengthening knowledge about computing, and spreading 

awareness of the enabling options in makerspace. However, attracting and sustaining 

interest can be a troublesome affair (Kuznetsov et al., 2011), and recruiting non-users is, 

therefore, an important but costly practice that requires defining underrepresented groups, 

attracting them, arranging activities that overlap with interests of the group, and 

supporting the transition from a directed practice to a self-directed one. Finally, from the 

symbolic perspective, the decoration of the space, the tools available, and the online 

presence reflect what is appropriate in the particular makerspace (Menendez-Blanco and 

Bjørn, 2019). Lewis (2015) analyzes such representations from the perspective of women, 

suggesting that showcasing women’s projects, ensuring the representation of women in 

volunteering communities, and inviting women in as speakers reframe makerspaces 

towards arts and crafts instead of technology, arrange meet-and-greet sessions, 

demonstrate how tools can be used purposefully and creatively, and ensure the 

makerspace also spreads in other ways than by word-of-mouth. Underrepresented users 

might differ for individual makerspaces and the chances of failing to include them are 

high. Nonetheless, designing spaces that symbolically welcome diversity, allocating time 

and effort to define, attract, recruit, integrate diverse users, and caretake for and 

encourage an inclusive community are forefront if a makerspace seeks to take equity and 

inclusion seriously. 

Limitations 

In this study, there are three limitations worth considering. The data material is based on 

informal activities in library makerspaces in Denmark. Here the makerspace is available 

for the public and free of charge with the exception of prices of materials. Because all 

makerspaces are appropriated for their local conditions, the practices of crafting, 

connecting, and commoning should not be generalized as a comprehensive list covering 

all practices taking place in makerspaces, hackerspaces or FabLabs. Second, this study 

builds on interviews with makers. Interviewing users is a useful method to understand the 

meaning of makers practices and how projects develop over time and across situations. 

However, interviews build on individuals’ self-reported experiences, and therefore, might 

leave out details. This issue is mitigated by applying a project break-down activity in the 
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interview procedure. Future studies could add more detail to the understanding of making 

in everyday life by applying ethnographic or autoethnographic methods. Third, the social, 

cultural, and economic impacts of the covid-19 pandemic are unforeseeable in terms of 

co-located practices taking place in makerspaces and public institutions. Therefore, this 

is a particularly interesting topic to follow.  

Concluding remarks 

This paper examines the unfolding of thirteen maker projects in everyday life. In 

supplement to prior research covering discourses, activities, and spatial configurations of 

making, this study contributes by addressing the interconnections between tools in library 

makerspaces to other places and situations in everyday life. Three practices that add 

quality to makers’ lives in different ways are analyzed and detailly described. Crafting is 

an individual, recreative, skillful, and immersive practice; connecting is a creative, object-

oriented, and interventionist practice; and commoning is social and communal practice. 

Also, the practices will include different expectations for a makerspace that can have 

practical implications on the design of spaces and prioritization of activities: 

• Connectors expect easily accessible, efficient, and well-documented tools and 

services. 

• Crafters expect to access specialized tools and detailed and technical information 

that can inform their already specialized projects. 

• Commoners expect to meet others with a shared interest in technology and that 

the makerspace cares for the community and allows them ownership.  

Also, because makerspaces seek to include inexperienced users in technology 

construction and libraries are institutions dedicated to representing the diversity of their 

communities, barriers of inclusion, and strategies to overcome the barriers are discussed. 

It is argued that although a community might be homogeneous, it is a resource to the 

makerspace that adds to the complexity of the inclusion challenge. As the inequalities in 

makerspaces are evident, it is relevant for future research in HCI to both address what 

can attract diverse users and develop ways to include them in existing maker 

communities. Finally, on the broader note, the study contributes to qualifying the role of 

library makerspaces as services, information sources, and communities in relation to 

makers’ everyday lives. Yet, as makerspaces in libraries, schools, universities, and 
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communities not only spread but also mature (Rosa et al., 2017) interinstitutional analysis 

of makerspaces would be relevant to identify boundaries, overlaps, gaps, synergies, and 

competition.  
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Abstract. Makerspaces provide communal access to resources such as 3D printers, 

laser cutters, electronics equipment, and sewing machines. This way, makerspaces 

aspire to facilitate their users – the so-called makers – in acquiring craft skills, 

creating products, learning about technology, and meeting other makers. The 

collaborative qualities of the makerspace community are key to this aspiration. Yet, 

just like many non-makerspace initiatives, makerspaces often struggle to foster and 

sustain a collaborative community. In this study, we use the model of me-to-we 

design to analyze a makerspace that has succeeded in nurturing a collaborative 

community. We disentangle the makerspace activities into the five stages of the 

model and, on that basis, arrive at six principles for nurturing collaborative 

makerspace communities: (1) accept diverse entry and end points, (2) plan for 

transitions, (3) help makers devise meaningful projects, (4) encourage sharing and 

lightweight documentation, (5) collaborate toward communal goals, and (6) attend 

to the social. 

Keywords: Makerspace, Making, Co-design, Designing social experiences. 

Introduction 

Makerspaces are communal facilities that provide their users with access to resources 

such as 3D printers, laser cutters, electronics equipment, and sewing machines. The users 

– known as makers – are a mix of creative people who seek to express themselves with 

the makerspace tools [9] and skillful technicians who seek to share their interest in 

technology with others [28]. The collaborative qualities of a makerspace are important in 

attracting makers. To thrive, a makerspace must provide a sense of community that 

nurtures information exchange, social encounters, informal collaboration, and other 

forms of sharing among the makers. Yet, many makerspaces struggle to foster and sustain 

an inclusive and collaborative community, and it is unclear from the existing research 

under what circumstances such collaboration succeeds. Similarly, many non-makerspace 

initiatives struggle to capitalize on the capabilities of social activities (e.g., [18, 19]). 
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Thus, there is a need for models of how to design for collaborative experiences. One such 

model is me-to-we design [24]. 

In this study, we apply the model of me-to-we design to the activities in a makerspace in 

a rural municipality in Denmark. Importantly, the model does not imply that collaborative 

activities must replace individual activities. Rather, the makerspace must support 

activities that span from individual to collaborative. By analyzing the activities in the 

makerspace, we provide a case-based answer to the research question: How can a 

makerspace nurture the building of a collaborative community? The studied makerspace 

has managed to build and sustain a collaborative community in which individual projects 

coexist with social and collaborative activities. We investigate how this is accomplished 

and arrive at six principles for nurturing collaborative communities. 

Makerspace Communities 

Many studies mention the social and collaborative qualities of makerspaces [6, 8, 12, 26]. 

Yet, in the existing body of research, these qualities tend to be scaffolded in predefined 

activities such as courses [27], distributed in wider maker networks [10], directed at actors 

external to the makerspace [17], or assumed as part of the informal exchanges among 

individuals [13]. Only few studies have investigated discretionary collaborations among 

users around a shared objective: Hui and Gerber [12] report of a group of makers who 

collaboratively make objects for an educational program. Davies [4] discovers 

collaborative projects where makers contribute with diverse skills and value the 

interdisciplinarity. Toombs et al. [28] emphasize the collaborative effort that goes into 

taking care of a makerspace. 

Most makerspace research investigates how makerspaces facilitate individual makers in 

creating products on their own and learning about technology [2, 27, 30]. These studies 

emphasize the creative, immersive, and practical aspects of making [9, 22]. They also 

emphasize that makers obtain help and inspiration from peers in the makerspace [13] and 

from online videos and tutorials [9, 29]. For some makers, the social relations in the 

makerspace are as important as the possibilities for making tangible products [4, 26]. 

These makers value that makerspaces provide a place to meet others with similar interests. 

In spite of their qualities, makerspace communities also cause problems. For example, 

some regular users stake claims to machinery, even when they are not currently using it, 
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thereby blocking other makers’ access to the machinery [1]. Furthermore, several studies 

find that the community of regular users can constitute a barrier for newcomers, who 

experience the community as difficult to enter [5, 7, 25]. To make the communities more 

inclusive, research has suggested recruitment through structured object-focused activities 

[6], promotion of arts and crafts practices [15], and reconfiguration of the community 

[25]. Such changes are not easy to accomplish and may have unintended consequences 

on the long-term evolution of the community [23].  Sustainable models for balancing the 

individual (me) and social (we) have yet to be developed. 

Me-to-We Design 

Simon [24] originally devised me-to-we design to reconnect museums with their 

audiences. The overarching aim was to engage museum visitors through the creation of 

personally rewarding, social experiences. When people have such experiences, they enjoy 

themselves and want to revisit the museum in the future. The challenge is to design a 

context in which people are prepared to collaborate confidently with other museum 

visitors, that is, with strangers. Me-to-we design posits that this preparedness can be 

fostered by enabling people to engage through personal, not social, entry points. Thus, 

the basic principle in me-to-we design is that personal entry points (me) are an effective 

means of scaffolding social experiences (we). 

Me-to-we design provides a five-stage model for moving from individual to social 

experiences, see Table 1. The stages are progressive in that higher-level stages presuppose 

the groundwork provided by the lower-level stages. To illustrate the broad applicability 

of me-to-we design, Simon [24] supplements the museum-related examples with the 

example of turning the individual, and sometimes loathed, activity of running into a 

screen-supported social competition. At Stage 1, you listen to music on your phone while 

running on your own. You can create motivational playlists, but essentially “you consume 

music as the pavement consumes your shoes” [24]. At Stage 2, your phone tracks your 

location in real time and provides statistics about your performance. Reviewing your 

statistics helps you stay disciplined. At Stage 3, you share your statistics online with other 

runners and use theirs as inspiration. Even without connecting with them directly, you get 

a sense of community: If they can run that long or fast, maybe you can too. At Stage 4, 

you form online teams with other runners and take on collective challenges. These 

challenges make you accountable to your virtual teammates. Running is no longer just 
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about your personal exercise, but also about being part of the team. At Stage 5, you meet 

with your virtual teammates for real-life running events or for real-time chatting while 

each of you are running in your own neighborhood. In total, running has been transformed 

from an exercise that requires personal discipline to an experience that is socially driven 

– from me to we. 

Table 1. The five stages of me-to-we design, based on Simon [24]. 

 Stage Definition Museum example 

We 5 Individuals engage with each 

other socially 

Visitors experience the museum as a place full of 

potentially enriching social encounters 

 4 Individual interactions are 

networked for social use 

Visitors connect with particular people – staff and 

other visitors – who share their interests 

 3 Individual interactions are 

networked in aggregate 

Visitors can see where their interests and actions fit 

in the wider community of visitors 

 2 Individual interacts  

with content 

Visitors are provided with an opportunity for 

inquiry, for taking action, and for asking questions 

 

Me 

1 Individual consumes  

content 

Visitors are provided with access to the content that 

they seek 

Method 

To examine how makerspaces can nurture a collaborative community, we conducted a  

multimethod case study [14] in a Danish library makerspace. The case, Vordingborg 

Makerspace, was selected for its communal qualities as it was open to all citizens in the 

local municipality, established in a citizen-driven process, and had a community of about 

thirty regulars, who to a large extent ran the makerspace. Vordingborg Makerspace is 

situated in a medium-sized city and occupies three rooms in its public library. These 

rooms have tools and materials for 3D printing, laser cutting, soldering, CNC milling, t-

shirt printing, sewing, and tinkering with electronics and robotics.  

The data material for this study comprises 25 hours of observation and interviews with 

six users and two staff members. The observations were conducted over seven sessions. 

Six sessions were in the makerspace when the community met on Tuesday evenings; one 

was from a makerspace trip to the local dump yard to scout for materials. The 

observations were documented in field notes describing the place, the users, and their 

activities – individual as well as social. Furthermore, the makerspace Facebook group 

was monitored. The interviewed users were mainly regulars. These interviews lasted on 



 

 

112 

average 50 minutes and concerned the users’ motivation, history of becoming makers, 

affiliation to the makerspace, accounts of projects, and descriptions of how making 

interacted with their life. The staff interviews included the main makerspace facilitator 

and the library manager. They were interviewed about the objectives of the makerspace, 

the activities in it, the barriers they experienced, and the relation between the makerspace 

and the library. All interviews were recorded and transcribed. 

The observations and interviews showed many activities happening in parallel. In 

analyzing the data, we used the model of me-to-we design [24] to disentangle the 

activities and structure our analysis. We acknowledge that the model was originally 

devised to facilitate design, but contend that it can also be used analytically. As an analytic 

framework, the model served to deconstruct a case in which a mix of individual and 

collaborative practices already existed. The analysis proceeded by identifying activities 

at different model stages and accounting for how makers entered and transitioned among 

the stages. That is, we coded the field notes, interview transcripts, and Facebook posts 

according to model stages (Table 1), personal entry points, and transitions among stages. 

In addition, we recorded differences in which stages the makers preferred. 

Results 

The community in Vordingborg Makerspace meets on Tuesday and Thursday evenings. 

From 6.30 in the afternoon, the regulars gather in the makerspace and engage in multiple 

activities spread across its three rooms. In the first room (which during regular office 

hours is the library staff’s lunchroom), makers can attend courses. Only separated by a 

sliding door, the second room is a large open space with tables, 3D printers, and stocks 

of electronic components. This room also features a coffee cart where makers gather and 

socialize. The third room is for noisy activities such as laser cutting, CNC milling, and 

crafting. At times, all participants assemble to receive practical information, see an 

example, or discuss a project. But most of the time, they are engaged in a multitude of 

different activities. Because these activities run in parallel, the makers have ample 

opportunity for seeking assistance, sharing objects, observing what others are doing, and 

feeling connected to the community. In the following, we disentangle this mix of 

activities using the five stages of the me-to-we model.  

Individuals consuming content (Stage 1): The entry point for participating in the 

makerspace is an interest in technology or a curiosity about the possibilities afforded by 
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the makerspace. The makerspace supports exploration by providing new users a tour of 

the space and hosting courses about tools and techniques every second week. One week, 

the course was about 3D modeling. For this course, the participants were handed a 

computer and instructed to follow along while modeling a nut (i.e., adding the octangular 

shape, the thread at the center, etc.). One of the participants was a retired engineer and 

collector of industrial CNC mills. He was already familiar with the makerspace but only 

visits it to attend courses and discuss technology informally with the other participants. 

Consuming the course content is suitable for him. Because he does not have a specific 

project he wishes to complete, he contentedly remains at Stage 1. To transition to the next 

stage, the makers must have a project idea they wish to pursue. 

Individuals interacting with content (Stage 2): A project can be a technical exercise 

proposed by a course instructor, but most projects are defined by the makers themselves. 

Many makers enter the makerspace with such a project idea as their motivation for 

arriving. For them, the courses provide the prerequisites for proceeding to work on their 

projects. Through their projects, they interact with content in ways they experience as 

pleasurable and rewarding. For example, the interviewed makers enjoyed “figuring out 

how things work” (User 1), “seeing the final outcome” (User 1), “taking on a challenge” 

(User 2), “immersing into a different world” (User 2), and “making something where you 

are not accountable for your time [in opposition to work]” (User 6). Two of the six 

interviewed makers avoid the community evenings because they prefer unrestricted tool 

access and space to immerse themselves. However, the other four make their projects 

during the community evenings to have easy access to assistance and be able to share 

their ideas with others. The co-presence during the community evenings also affords 

makers in transitioning to the next stages.  

Individual interactions are networked in aggregate (Stage 3): Both the interviews and 

observations showed that makers are prepared to share. For example, User 4 stated that 

“In the makerspace we exchange information just like you in books pass on knowledge 

and wisdom. It is a place where you can access knowledge.” Most of the sharing occurs 

through face-to-face exchanges, but sharing is also made manifest in the Facebook group 

and curated in the makerspace. The Facebook group counts 390 members. In addition to 

posts with practical information, the makers share inspirational articles, ask for help, and 

showcase completed projects. The showcased projects include role-playing objects, 
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engraving in phones, a laser-cut Eiffel tower, and a device to translate Morse code 

(inputted on an Arduino-based device) to text. 

In the makerspace, examples and demonstration projects are kept on display. For instance, 

example objects are curated near the 3D printers, completed projects are curated in a glass 

display, and a bulletin board lists the competences of the regular users (Figure 1). Along 

with the Facebook group, the examples, projects, and other information curated in the 

makerspace are aggregates of the makers’ activities. These aggregates support additional 

activity and stage transitions in two ways. First, they help new makers get a sense of the 

possibilities afforded by the makerspace. Second, they provide inspiration for new 

projects and higher aspirations: If other makers have been able to complete these projects, 

then my project idea may be feasible too. 

 

 

Figure 1. Aggregates of participation displayed in the makerspace. 

Individual interactions are networked for social use (Stage 4): While the majority of the 

makers perform their individual projects, our observations also include examples of 

collaborative projects, such as parents making with their children. One collaborative 

project was especially large and involved making an unmanned underwater vehicle 

(UUV). The idea for the UUV project arose from a makerspace field trip to a technical 

university. After the field trip, the project was announced on the makerspace Facebook 

page to encourage participation and, then, a private Facebook group was established for 

the project. The project was undertaken by four of the regulars, who contributed expertise 

in different areas. For example, one was responsible for the Arduino programming, while 

another made the 3D drawings and printed propellers. In addition to the delegated 

technical tasks, the project required a lot of discussion and coordination among the 

participants. Many of these collective activities took place at a whiteboard in the 

makerspace and were summarized in Facebook postings. The makerspace welcomes 
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collaborative projects because they create ties among the makers and make grander 

project ideas feasible. Therefore, the makerspace supports these projects by financing 

materials. However, the UUV project eventually stalled, maybe because it lacked an 

external purpose. In an interview, one of the participants explained that the motivation 

behind the project was to have “something to fall back on when we are there [i.e., in the 

makerspace] anyway” (User 4). Over time, this motivation gave way to other activities 

in the makerspace and outside of it. 

Individuals engage with each other socially (Stage 5): The social qualities of the 

makerspace are found at all stages. Specifically, the course participation and UUV project 

demonstrate that many users value the makerspace as much for the social encounters as 

for the project outcomes. Stage 5 stands out by having contribution to the community as 

a distinct element. The contribution may be internal to the makerspace or by promoting 

it externally. For example, one maker described that his entry point was to bring his 

individual hobby of electronics tinkering from his home to the makerspace where he 

could talk with others with similar interests. From that starting point, his participation 

soon transitioned into helping others and promoting the makerspace with a demonstration 

project at a local conference. Others are motivated by communal goals such as making 

youth interested in science, technology, engineering, and mathematics (STEM) 

disciplines. These makers have transitioned out of the project focus characteristic of 

Stages 2-4. Instead, they enjoy contributing to the makerspace and the local community 

by helping others, servicing tools, giving courses, organizing field trips, promoting the 

makerspace, and the like. Without their contributions, it would not be possible to run 

courses every second week on the community evenings, thereby limiting Stage 1 and the 

possibilities for new makers to become part of the community. 

Concluding Discussion 

The studied makerspace succeeds in facilitating activities that span all five stages in the 

model of me-to-we design [24]. This way, the makerspace nurtures a collaborative 

community that attracts new makers and remains attractive to the regulars. On the basis 

of the analysis, we propose six principles for establishing and sustaining a collaborative 

makerspace community. With these principles, we aim to articulate the practical 

implications of our analysis. That is, we aim to support me-to-we design. We 

acknowledge that the principles are based on one case. The six proposed principles are: 
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Accept diverse entry and end points. Consistent with prior research [9, 26], our results 

show that makers enter the makerspace at different stages and end their cross-stage 

transitions at different stages. Many of the observed and interviewed users value the 

community evenings because they provide ready access to help, add social qualities, and 

allow for contributing to the community. Another group of makers avoids the community 

evenings. These makers are motivated by immersing themselves in their creative 

processes, prefer to work alone, or feel underrepresented in the community [7, 25]. They 

have the opportunity to share their projects or attend the community evenings but prefer 

not to. In the studied makerspace, both staff and users acknowledge the makers’ diverse 

motivations and accept participation at all stages of the me-to-we model.  

Plan for transitions. The analytic benefit of the me-to-we model [24] is that it calls 

attention to the transitions among its stages. The co-situated activities on the community 

evenings afford transitions because the makers are exposed to courses, projects made by 

peers, and inevitable social encounters all at once. The me-to-we model shows how 

participation can gradually transition from individual toward communal activities. This 

appears an intuitive approach to the inclusion of new makers [6]. However, we also find 

that transitions are multidirectional. For example, some newcomers transition back and 

forth between courses and projects (Stages 1 and 2). Relatedly, some experienced makers 

transition back and forth between communal activities (Stage 5) and the early stages of 

participation (Stages 1 to 3) when they volunteer for teaching, guide new users, and share 

completed projects. Makerspace staff may enrich makers’ participation by reflecting on 

the qualities of the stages and scaffolding transitions among them. 

Help makers devise meaningful projects. Makers are interested in the technical and 

expressive possibilities of physical computing and fabrication tools [10]. These tools 

enable ordinary people to engage in advanced fabrication, and the makerspace assembles 

the tools in the local community. While insufficient technical skills can be a barrier to 

makerspace participation [6], newcomers in the studied makerspace can acquire these 

skills through courses, exercise sheets, and peer assistance. We find less support for the 

transition from being familiar with tools (Stage 1) to making projects (Stage 2). Prior 

research has emphasized that meaningful projects are key drivers of learning [2, 20]. 

However, we (and others [4]) find that makers are presumed to have a meaningful project 

idea and the self-sufficiency to pursue it. Without support for devising meaningful 

projects, makers may struggle to identify worthwhile project ideas. Better support for 
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devising projects could include assistance in refining an initial idea, but it could also 

involve a shared catalogue of projects proposed by other makers or needed by citizens 

who are not themselves able to undertake the projects. 

Encourage sharing and lightweight documentation. Like in other makerspaces [12], our 

case displays a community with much willingness to share information through file 

sharing, material exchanges, peer tutoring, course teaching, and the informal flow of 

advice, news, and creative input. Yet, documentation of completed projects is only shared 

to a limited extent. Makers may use their documentation of their own projects for 

reflection and learning about the project process [29]. But documentation may also 

support others in developing new meanings and mediate contacts among people [11]. By 

aggregating interactions (Stage 3), shared documentation makes some of the otherwise 

invisible makerspace activities visible. Thereby, documentation such as a short video may 

show how key steps in a project were accomplished. Users may however abstain from 

making or sharing documentation because they feel that their projects do not demonstrate 

enough skill or because documentation is a time-consuming activity that may require 

users to repeat parts of their process for the purpose of video-recording them [29]. 

Makerspaces should encourage the sharing of documentation but should also emphasize 

lightweight documentation to make it manageable to produce. 

Collaborate toward communal goals. Collaboration connects makers around a shared 

goal [9] and allows for undertaking advanced projects. While valued, projects with 

interdependence and a shared objective are rare in the studied makerspace. We find two 

reasons for this. First, collaboration adds complexity [21] because objectives require 

negotiation, work must be divided, activities must be articulated, and mutual 

interdependences may stall progress. Because making is a leisure activity centered around 

a pragmatic identity of ‘just doing’ [3], the complexity can cause more frustration than 

joy. Second, the UUV project was not motivated by an actual need; the makers merely 

wanted to have a project to fall back on. While we acknowledge the difficulty of balancing 

leisure and obligation, we suggest that makerspaces consider reaching out to the local 

community outside the makerspace with an invitation to collaborate about projects that 

matter to the local community. Being anchored in local needs, these projects will likely 

be meaningful to makers who resonate with the needs. Proposals for such projects could 

be catalogued and kept on display in the makerspace or they could be presented on a 

community evening to stir interest and make connections. 
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Attend to the social. The social qualities of makerspaces should not be underrated. Studies 

have found that makerspaces provide conditions conducive of wellbeing for both youth 

and adults. Makers feel empowered by immersing in productive activity, but they also 

enjoy meeting others and being part of a community [16, 26]. We observed intense 

engagement among users with similar interests as well as unexpected encounters among 

users across age and group boundaries. Sustaining a constructive social atmosphere 

requires ongoing care [28]. The staff in the studied makerspace cared for the social 

atmosphere by serving coffee, facilitating meetings among users who could learn from 

one another, providing opportunities for users to take ownership, organizing social 

activities that celebrate the community, and so forth. 
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The Maker Movement is a social and material movement aspiring to lower the 

barriers to participation in technology construction. Material engagement, 

learning, and collaboration are important values in the maker movement. Aspiring 

to further the understanding of makerspaces as places for meaningful 

collaborations, this research asks how tools and materials mediate the collaboration 

between father and child in the makerspace? Based on a case study comprising 

three workshops designed to support father-child collaboration in a social 

neighborhood, this research presents an in-depth video interaction analysis of 

father-child collaborations. Although relying on a small sample of father-child 

pairs (n=2), this research depicts case-based descriptions of situations in which 

computational tools and creative materials shape individual actions and social and 

collaborative interactions. The results inform a discussion of the makerspace as a 

meaningful place for social interaction and the material implications on 

improvisation, articulation of ideas, and sharing of tasks. 

 

Introduction 

Making is a material interaction between human and technology with practical, economic, 

expressive, and social objectives. In the broadest sense, making can involve the 

professional engineer designing automobile parts, the painter expressing herself on a 

canvas, and the home mechanic fixing up old bicycles in the basement. While many types 

of making require substantial training and adherence to a discipline [39], the recent Maker 

Movement promotes the idea that ordinary people with few prerequisites can use 

sophisticated tools and materials to express their ideas [14]. The movement is enabled by 

technical advancements in digital fabrication, physical computing, and programming 

interfaces [14], the invention of online databases for information sharing [27,45], and the 

implementation of local makerspaces [20,43]. This environment for creation provides 
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individuals with the conditions to train and develop skills and a place for sharing and 

collaborating, adding social components to the experience.  

Makerspaces are relevant to HCI because ordinary citizens take on the role of designers 

of everyday objects [36], motivating researchers to describe makers’ practices from a 

communal [43,44] and individuals’[10] perspectives, highlighting the intrinsic pleasure 

of making and the support participants provide for one another. However, only a few 

studies provide in-depth descriptions of the situated collaboration makerspaces as it 

unfolds and possibly contributes to strengthening existing social relations. Hence, this 

study adds to the existing body of research by a case study examining how tools and 

materials mediate the collaboration between father and child in the makerspace through 

a series of workshops in a social neighborhood in the outskirts of Copenhagen, the capital 

region in Denmark. 

The collaborative relationship between father and child is interesting because fathers, in 

many parts of the world, take a more active, attentive, and engaged role in their children’s 

lives than prior generations [1]. The so-called dual caregiver model implemented in 

Scandinavia [17] supports mothers in pursuing careers and fathers in developing close 

ties to their children. However, deviating from enculturated norms is difficult. The case 

of this study, ‘Baba – Because fathers matter,’ is a community organization promoting 

attentive fatherhood to ethnic minority fathers. The organization offers regular meetings 

where fathers informally discuss parenting, family life, culture, and interactions with the 

municipal systems [49]. Through discussion with others in a similar situation and 

personal reflections, the Baba group supports participants in aligning their upbringing and 

beliefs with contemporary ideas of parenting [16]. Maker activities can complement by 

offering activities fathers can identify with [1] in a collaborative situation requiring 

coordination and dealing with a wide span of emotions [4]. Hence, fathers enact parenting 

in an unfamiliar and, at times, intense situation, allowing both parent and child to add to 

their relation and learn about each other.  

Aspiring to provide a rich description of the mediated collaboration, we conducted a video 

interaction analysis of 10 hours of video materials on two father-child pairs participating 

in three workshops. As this study relies on a small sample based on a specific case, we 

are cautious not to make generalized conclusions. Rather, we seek to display the case of 

a makerspace contributing to strengthening interpersonal relations and provide rich 

descriptions informing discussions on the role tools and materials mediate dialogues, 



 

 

123 

movements, and division of labor among participants. Also, we highlight the challenge 

of recruiting underserved participants in makerspaces.  

Background 

Collaboration and sharing are appraised aspects of the maker movement that add social 

qualities to the activity of making. Existing research shows that the co-situated users in 

makerspaces support one another by providing project feedback, assisting with tools, 

passing on advice, and sharing materials [34], as well as a core of users engaging in 

collaborative projects, organization, and care-taking of the space [11,44]. Other studies 

address the distributed collaboration in wider maker communities. For example, the 

sharing and use of online instructions [45,46] and the design of FabLabs affording 

physical objects to be shared and reproduced over large distances [14,31].  

Another related body of work addresses the material aspects of DIY and maker activities. 

This body of research provides nuanced descriptions of diverse makers' practices [10,15], 

material issues and breakdowns [28], and the creative and intuitive practices of finding, 

collecting, playing with, exploring, assembling, and configuring the materials [22]. Also, 

the role-taking of technology in creative activities [6] and the expressive features 

materials have to tell stories [5] have been examined. These studies provide detailed and 

rich descriptions of the intimate relations between the maker and material. Yet, most 

studies leave out the details about the material mediation of situated collaboration. That 

is a gap this study seeks to fill. 

Three prior studies have inspected the situated aspects of parent-child collaboration in 

maker activities: Yu et al. [48] examine parent-child collaboration in maker kits at home, 

finding that parents take on logistical tasks, suggest alternative ways of using the tools, 

and assume the role of a spectator, teacher, executor, or dominator. Jones et al. [23] report 

on a one-day collaborative family activity that included crafting and digital fabrication. 

The authors examine the facilitation of parents and instructors. Among their findings are 

that the parents take on a facilitative role in brainstorming activities and that their 

excitement about digital fabrication motivates the children. On a similar note, Sadka and 

Zuckerman [37] show that when collaborating with their children in maker activities, 

parents engage on different levels by taking on the role of a peer or a mentor. As a mentor, 

the parent is less active in making but more attentive to the child’s emotions and inquiries 

and guides the activity through positive interactions. As a peer, on the other hand, the 
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parent actively takes a stake in completing the activity successfully. However, the 

engagement can be at the cost of attentiveness to the child and can result in negative 

communication. In common interest of the studies on father-child interaction is the 

sharing of tasks and assumed roles in maker activities. Relying on a socio-material 

perspective, this study examines the role of tools and materials as a mediator of 

interaction between father and child that can activate collaborative skills in father and 

child, afford improvisation, and provide a common language.  

Socio-material perspective on collaboration 

‘The Practice Turn’ in HCI [26] is an assembly of theories that recognize human 

interaction with technology as social, embodied, material, and situated in historically 

shaped contexts. With lineages to Heideggerian phenomenology, Marxist perspectives on 

work, and Vygotskian constructivism (among others), practice theories recognize that a 

part of human behavior is not conscious, reflected, and articulated but rather resides in, 

is affected by, and emerges from the individual and her interaction with the social and 

material environment [26].  

Activity theory is a meta-theoretical framework for understanding human activity as 

constituted by historically shaped social and cultural conditions [3,12,25]. Participating 

in an activity is a meaningful engagement with the world motivated by needs and desires. 

The objective for participating can be conscious or not, as it can be tangible or intangible. 

However, the relation between the individual and object is both enabled and constrained 

by mediating tools and the historically shaped social conditions, including rules, 

community, and division of work [12]. Regarding father-child maker activities, activity 

theory guides attention to participants' motives for participating, the historically shaped 

relations and roles between father and child, the local community in the space, as well as 

the role of various tools, including computers, creative materials, verbal and non-verbal 

language to mediate the relation.   

While activity theory guides our attention to object-oriented behavior, mediation, and the 

cultural-historic conditions of activities, other practice-oriented theories emphasize the 

tacit and emergent aspects of material activities. In his seminal work, Donald Schön [38] 

examines designers’ processes and illustrates how tools and materials not merely convey 

the designers' ideas but also shape them. Schön finds that designers sketch by intuition 

and observe the pencil strokes. Designers examine the sketch in detail and as a whole, 
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and on possibilities and implications on use situation. Moreover, adjustments are made 

along the way. The material, in that sense, both conveys expression that is beyond the 

anticipated and spark reflections. 

Similarly, Orlikowski & Hofman [32] distinguish between the anticipated and emergent 

nature of creating artifacts. Orlikowski and Hofman [32] distinguish between anticipated 

changes that are planned, emergent changes that are unintended local innovations, and 

the opportunity-based changes that are introduced due to unexpected events or 

breakdowns. While different, the types of changes also form a symbiotic relation 

comparable with a jazz band:  

Once the performance begins, each player is free to explore and innovate, departing 

from the original composition. Yet, the performance works because all members are 

playing within the same rhythmic structure and have a shared understanding of the 

rules of this musical genre. [32] 

Put differently, anticipated plans provide guidance and structure but are incomplete. 

Individuals or groups improvise and explore, and problems emerge that call for a more 

spontaneous correspondence with the social and material environment. This analogy can 

also be applied to making, as spaces and activities are planned to anticipate behavior, 

whereas material exploration, problem-solving, and iterations are encouraged and 

appraised. The socio-material perspective provides a lens that both recognizes the 

conditioning factors of tools, materials, and spaces and the emergent, dynamic, and 

situated interactions that happen by the material interaction.  

Case study design 

To uncover the mediating role of tools and materials in makerspaces on father-child 

relations, we devised a case study design [13] comprising a collaboration with a local 

library makerspace (with which the second author also is affiliated) situated in a social 

neighborhood and a local organization, Baba, promoting attentive fatherhood among 

ethnic minority groups. For the Baba group, three workshops, including a combination of 

creative materials and computational tools, was held, and the interactions between two 

father-child pairs were video recorded and subject to interaction analysis.  
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Tingbjerg: The Creator’s Room and Baba 

For this research, a series of workshops were held at The Creator’s Room at Tingbjerg 

Library and Community Center. The Library and Community center is situated in a social 

neighborhood on the outskirts of Copenhagen (Denmark) and is directly connected to the 

local school. The Creator’s Room offers access to a laser cutter, electronics kits, sewing 

machines, and various creative materials. The space conducts school workshops, after-

school activities for children, a local branch of the youth club Coding Pirates [41], and an 

advanced sewing club for a group of local women. The Creator’s Room focuses on low 

fidelity activities, including handicrafts or upcycling fixing, combining technical and 

material skills. In contrast to other makerspaces (e.g. [11,43]), The Creator’s Room 

mainly attracts women and girls.  

A part of the vision of the ‘Creators Room’ is to be involved in the local community. To 

increase outreach, a collaboration with the local branch of Baba was formed. Baba is a 

non-governmental organization promoting attentive parenting among ethnic minority 

fathers. The fathers meet in local clubs to dine together, socialize, and talk about the 

complexities of parenting. Danish society relies on a dual-caregiver model of parenting 

where mothers and fathers equally share the burden of breadwinning and upbringing of 

the children [17]. The fathers participating in Baba are brought up under other cultural 

conditions, and therefore, the Baba organization helps with practical issues like 

communication with authorities, as well as the more abstract task of reflecting on and 

aligning the ideals of attentive parenting to their personal upbringings and cultural beliefs 

[16]. As the Baba meetings provide room for discussing complexities of parenting, the 

workshops designed in the Creator’s Room provide space to enact parenting by 

collaborating with the child around making.  

Workshops and participants 

Prior to the workshops, a meeting with a Baba representative and a workshop for BABA 

fathers was set up to discover common objectives and develop a series of workshops 

relevant for the fathers and their children. As our objective was to support collaboration 

and social interactions, fathers and children worked together in pairs during the three 

workshops.  
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Table 2.  Overview of workshops 

Workshop Tools and materials Workshop design 

W1 Strawbees© 

Servo motors 

Block programming 

1) Introduction to the Creator’s Space 

2) Making of an analog catapult to familiarize the techniques to 

assemble straws into shapes using connecting pieces. 

3) Making of a WalkerBot with a servo motor moving the foot. 

4) Competition between the WalkerBots and iteration on design.  

W2 Lasercutting 

Inkscape© 

1) Introduction to laser cutting 

2) Follow-along guide in making a name tag or key chain 

3) Follow-along of making a box 

W3 LittleBits©  

Waste materials 

1) Watch a video of a Rube Goldberg Machine 

2) Introduction to LittleBits© 

3) Make a collaborative chain reaction device where each group 

makes one section of the reaction. 

4) Evaluation of the workshop series. 

 

The workshops (Table 1) were designed to introduce participants to a combination of 

computational tools and creative materials. That included analog tools and creative 

materials like scissors, glue, cardboard, straws, and Strawbees© (a maker kit including 

straws and connectors to make physical constructions) and computer-based electronic 

tools, such as the QuirkBot© microcontroller that can be controlled by a block 

programming software and laser cutting using the vector drawing software Inkscape©.  

The workshops varied in their design. Workshop 1 (W1) and Workshop 3 (W3) 

combined physical construction and computational tools resulting in a shift in 

mediating devices during the activity. Also, in W1 and W3, the activities and 

materials were briefly introduced, whereafter the pairs could work until help was 

needed or they were ready to continue. Workshop 2 (W2) was exclusively on the 

computer. W1 was instructed as a ‘follow-along’ shifting between the instructor 

explaining functions and how to make vector drawings and participants choosing 

their designs, defining parameters, and solving problems.  

The workshops were hosted Wednesday evenings from 5.30 PM – 8.00 PM for three 

weeks in a row. Two of the father-child pairs consented to be video recorded in all three 

workshops. Group 1 (from now on G1) included a father with his 11-year-old daughter 

and group 2 (from now on G2) included a father with his 14-year-old son. The third 

participating group wished not to be video recorded but consisted of a father and his two 
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sons. Their wish was respected and, therefore, not video recorded nor included in the 

analysis.  

Data collection 

As the workshops aim to support a social relation deeply intertwined in everyday life, 

video interaction analysis was chosen for data collection and analysis. Video interaction 

analysis is sensible for the “taken-for-granted complexities of social interactions” [19:13] 

that in parent-child interactions might include body posture, gestures, switching between 

languages, and pitch of the utterances made.  

To capture the interaction with tools and the non-verbal aspects of communication, we 

installed video cameras facing each of the groups during the activities. The framing [30] 

captured both the table on which most material interaction was directed and both group 

members' body posture and gaze. Also, an audio recorder captured verbal 

communication, and a secondary camera was placed to overview the room, which served 

to analyze interactions between the groups. As data were collected semi-automatically, 

both authors contributed to facilitating and supporting the users during the workshops. 

 

 

Figure 2. Overview of data collected during workshops.  

Although video interaction analysis enables detailed observations, there are also 

constraints to the methods: First, technical issues regarding charging and setting up 

cameras occurred that resulted in periods that only were recorded by audio. Second, video 

collection is intrusive and can be experienced as surveillance [47], thus affecting 

behavior. This resulted in one group wishing not to participate in the research, although 

they took part in the activities. Also, during the workshops, we experienced that 

participants, at times, placed objects blocking the camera's view to acquire privacy. In 

these situations where cameras failed or were blocked, we rely on the audio recordings 

and secondary angles that supplement the video material. Figure 2 visualizes the collected 

data during the three workshops.  
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Data analysis 

In total, 12h of audio and 10h13min of video recording were captured. First, the video 

and audio material were synchronized and compiled into six videos – one for each of the 

two groups during each of the three sessions. We then registered sections where the video 

or audio was unavailable (see figure 1). Informed by interaction analysis [24], all videos 

were watched and annotated for sequences of critical incidences affecting the 

collaboration, including breakdowns and repair, turn-taking, and social interactions. To 

analyze the data material systematically, verbal and non-verbal interactions such as 

tinkering with materials, grabbing an object, pointing to an object, demonstrating a 

movement, leaving the table, looking at the instructor, and controlling the computer were 

transcribed. Interactions related to the collaboration were coded for interactions 

contributing to the material object (e.g., articulation and negotiations of ideas, test and 

evaluation of solutions, problem-solving, and emergent fixes and adaptations), 

interactions coordinating the collaboration (e.g., articulation and negotiation of the 

division of work, non-verbal task allocation, and role-taking), and interactions of social 

character (e.g., appraising of efforts and collaboration, implicit acts of care, interaction 

with other groups, and connection to other aspects of everyday life). Explicit, implicit, 

anticipated, and emergent interactions were analyzed within each category. The coding 

revealed three key insights regarding the mediating role of tools and materials in the 

father-child collaboration: 

• Role-taking, spatial use, and communication changes when shifting between 

creative materials and computational tools.   

• Improvisation is an effective individual form of problem-solving but can also be 

exclusive to the actor who is not improvising. 

• The social and collective situations provided excitement and engagement. 

The second stage of the analysis sought to identify and richly describe situations in which 

materials mediate father-child collaboration. Video material was revisited to select 

situations of material implication on the movements in space, sharing of tasks, developing 

a common understanding, improvisation, and social relation. Also, the analysis was 

sensitizing to the differences in the collaboration around the computational and non-

computational tools and materials. To capture the explicit, implicit, and materially 

mediated dialogue, captions covering the non-verbal interaction were combined with 

transcripts covering the explicit dialogue.  
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Ethical considerations 

Ethical aspects must be considered when studying children and minority groups. 

Collection and storage of video and audio recordings are made in compliance with the 

University of Copenhagen policy and accepted by the Institutional Review Board. In 

advance of the workshops, the fathers had been notified that the workshops would be 

video recorded. Written consent for recording, storing, and analyzing data material was 

signed by two of the participating groups. When the final group was asked to sign the 

consent form, they withdrew their consent to being video recorded. The groups 

participated in the workshops but were not video recorded nor a subject of analysis. 

Further, to ensure the participants' anonymity, no names nor ethnic or religious affiliation 

is included. This study relies on rich accounts of verbal, non-verbal, and materially 

mediated interaction. Therefore, video captions are included in the analysis, but images 

are distorted, and faces are blurred to remain anonymous.  

Results 

In this section, it is disentangled ways that materials mediate movements in space, sharing 

of tasks, negotiation of a shared idea, improvisation, and social relations.  

Movements in space 

Before participants arrive, the space is arranged to support the activity. In W1 and W3, 

the activities included assembly of creative materials, such as straws, books, and 

cardboard, and combining them with programmable electronic components. In these 

activities, parts of the materials and components were placed on the tables where the 

groups were sitting, whereas examples and remaining materials were assembled at a 

materials table near. In workshop 2, most of the activity was on a computer, and 

participants were placed at a long table providing all participants to view the screen on 

which the instructor demonstrated. 

Comparing the movements in the three workshops, there is a notable difference between 

the open-ended construction activities in W1 and W3 and the instructed computer-based 

activities in W2. For instance, figure 3 displays the father’s body movements. At first, he 

is tinkering with an object (1). Then he proceeds to examine what the child is tinkering 

with (2), he leaves the table to pick up materials (3), and returns and re-examines the same 

object (4). He goes back to the materials table (5), returns, sits on the other side of the 
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child and suggests a solution using the collected material (6). The father’s behavior 

reflects his use of the space to gather materials and monitor the other groups to arrive at 

a possible idea. This was a common pattern detected in both W1 and W3.  

In the computer-based activities in W2, the participants remained seated positions (Figure 

4). The pair interact by co-orienting to the computer screen (1), co-orienting to the 

instructor’s screen (2), taking turns to control the mouse and keyboard (3), and pointing 

to the screen (4). In comparison to W1 and W3, their physical movement is more 

restricted. However, the computer program provides figures, shapes, and sizes, texts to 

inserts. The software also presents texts sizes and fonts that participants reference to. 

 

Figure 3. The father’s movement during non-computational activity in W3 

 

Figure 4. Movements in space during computer-based activities in W2 
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Sharing of tasks 

Tool selection also affects the division of work between father and child. A substantial 

difference between computer-based activities and material activities is that collaboration 

around one computer requires turn-taking, while the material activities can support father 

and child to work interdependently.  

In computer-based activities, fathers tended to back down, allowing space for the child to 

instruct the computer. As the computer was introduced in W1 and W2, the children 

mainly controlled the computer while the father dictated the instructions. The interaction 

is demonstrated in Figure 5, in which the father initially controls the mouse (1) and leans 

away, allowing the child space to type and control the mouse (2). While the child is 

typing, the father makes small lessons like “always use the numpad for typing [in 

numbers]” and points to the keyboard (3) and points a field out on the screen, and repeats 

the instructors’ instructions (5).  

 

Figure 5. Sharing of tasks by G2 in W2  

Instead of turn-taking, material activities provide the possibility for interdependent work. 

The sequence in figure 6 demonstrates an articulated division of work made by group 2 

in W3. The father and child are uncertain about how to address the task. As the father sits 

down, the child is already tinkering and stuck in his activity (1). The child initiates an 

articulation of how to address the task by “But what am I supposed to do?” and the father 

instructs the child to try to figure out the sound sensor output (2). While still confused, 

the child confirms and assigns the father the task of figuring out the chain reaction 
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triggering the sensor (3). The father and child continue to seek a solution by each working 

on their parts of the solution (4).    

 

Figure 6. Sharing of tasks by G1 in G3 

Despite that material activities support division of work, the collaboration often shifts 

modality. For example, in G1 in W1, the father and child first would tinker with material 

interdependently. As the child encounters a problem, the father and child engage in a form 

of apprenticeship where the father acts as the expert. To do so, the father makes 

instructions, comments, overtakes, and demonstrates (For example, see figure 7). At 

times, the child questions and discusses the father’s instructions, and the group 

collaborate on assembling pieces into a complete model. Throughout the material part of 

the activity, the father controls the model and process. However, as the computer is 

introduced, the control shifts. The child expresses that she is experienced with the 

software by working with it at school and takes command of the keyboard and mouse, 

which the father supports on the side. 

Mediating a shared idea 

The materials available also affect possibilities for defining and articulating a shared idea 

of the solution. The block programming interface or vector drawing software includes 

variable names, fields, and preprogrammed input constraints that influence the interaction 

surrounding the software. After constructing the physical model in W1, a computer was 

introduced to program the microcontroller commanding the foot move with a servo 

motor. The software has a preprogrammed ‘wave’ block that can be used to control the 

servo motor and move the foot. Three variables can be adjusted, including the length of 

the wave (the higher value, the slower the movement), minimum value (setting the 

starting angle of the foot), and maximum value (setting the ending value of the foot). The 
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computer software triggers an iterative process of entering values, observing the 

movement of the foot, reflecting on the movement, and adjusting described in the 

sequence below: 

First, the group tests the predefined values (L=1, Min=0, Max=1). They agree that it 

is not set correctly and need to fine-tune the movement. First, they tinker with 

different lengths and test ‘1.49’ and ‘1.3’. They realize that the entered values only 

change the speed and not the angle that is the root of the problem. They go on to 

adjust the minimum and maximum values. The child enters a value in minimum, and 

both observe the interaction. They observe and laugh. The father concludes, “that was 

too much,” and the child responds, “what have we done?!”. The child then adjusts 

the value to 1.0, and the instructor comes by the table and compliments the 

movement. They iterate on the fine-tuning process five times where they enter values, 

test (on the table and the ground), and evaluate until they are satisfied with the results. 

(Group 2, Workshop 1, [1.00.14-1.06.49]). 

Aside from the iterative process, the material stipulates interaction that revolts around the 

functions, the numerical values to insert, and what values to adjust. Father and child 

combine the mathematical language by the experienced differences in terms of the output 

of the foot movement. The construction process also relies on mathematical geometric 

concepts. Yet, as Figure 7 shows, the conversation flows differently. 

Portraited in Figure 7, the father has already assembled the top part of their WalkerBot 

model while the child is tinkering with the base. The father recognizes that she is stuck 

and supports her by demonstrating the principles and scaffolding her to assemble the 

straws and connect pieces correctly. The conversation is mediated by reference to the 

materials, such as “it needs to be like this” and “I’ve pushed this all the way,” and a tacit 

experience of appropriateness, such as “bend it like you did before,” “I like that, not like 

that,” “I think it is like this .”Aside from the 90-degree angle (that is an incorrect statement 

because the pair is assembling a triangle), objective criteria are not present. In comparison 

to the computer-based activities, the material activities do not provide an inscribed 

vocabulary to express their ideas. Instead, the references to objects and demonstrated 

body movement support conveying ideas and getting quick feedback.  
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Figure 7. Dialogue mediated by materials 

Improvisation 

Both computer-based and material construction activities rely on a process of making, 

testing, and adjusting. This is a process in which the outcome is not anticipated. The 

fathers’ understood this and encouraged the children to “try out” ideas, and together they 

would assess the viability. However, examples were found when fathers – not the children 

- improvised ideas overtake the collective solutions. In W1, for example, the child has 

tested the WalkerBot on the floor, and the father realizes, “We need a flag .” The child 

agrees, and the father sits down and adds the flag independently. G2 in W3 are not as 

aligned. The group has struggled with making the chain reaction, trying out different 

solutions, tinkering individually, and evaluating collaboratively. Both participants 

expressed in the evaluation that they were frustrated at this point. The father then takes 

control, tests multiple models of solutions, including a toy car rolling towards the sensor, 

a toy excavator letting the bucket fall on a button, a wheel spinning using a LittleBit servo, 

a roll of duct tape rolling, and glass balls moving down a toy car lane. With help from the 

instructors, he settled on a roll of duct tape moving down a ramp made of a book that 

pushes another book triggering the sensor.  

The improvisation reflects two aspects of the material activities. First, the activity 

conditions that a wide span of materials can be used to reach an unspecified solution. That 

makes the outcome difficult for father and child to anticipate and therefore requires 

improvisation, testing, and assessment of appropriateness. Second, it reflects that 

improvisation can be at the cost of alignment between group members.  
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Social relations 

Ultimately, the goal of the workshops was for father and child to have a positive social 

experience by collaborating around tools and materials in the makerspace. During all the 

workshops, several social interactions emerge around the material activities, including 

making jokes about the objects, appraising each other’s work and the collaboration, 

informal chatting with the other groups, eating dinner together during the workshops, and 

socializing around the final products. In W1, the groups used the catapults to shoot ping 

pong balls at each other and compete with their WalkerBots, and in W3, the groups 

experienced the results of the assembled chain reaction together:  

All groups have finalized their part of the chain reaction. Just before group 3 initiates the 

chain reaction, all participants start filming with their phones. The chain reaction is 

started by the arm attached to a servo motor. The arm tips a book that falls upon a button 

activating a LED light. The light is registered by Group 2’s light sensor, which triggers 

another servomotor arm moving away from a roll of duct tape. The roll of duct tape now 

rolls down a ramp that then tips a book pushing a button. The button activates group 1’s 

servomotor that lets a ping pong ball in motion, pushing a can down a ramp that then was 

to push a book. The book is on the verge of tipping as it is supposed to but does not tip. 

All participants start yelling “nooo,” but almost undetected, the father in group 1 shoots 

a rubber band at the book, tipping it and activating the kettle. Participants laugh, and the 

child in group 1 says, “Wow, that was cool.”  

The final situation of W3 illustrates a situation of much anticipation and excitement. 

While the interaction is not directly between father and child, it is a collective experience 

that demonstrates the results of the activities and adds to their relationship. In the 

evaluations, participants expressed that providing space to be together itself is positive. 

One group mentions that merely spending time together away from the stresses of 

everyday life was positive. The Baba representative underscored this point: “Speaking of 

diverse cultural communities, at home, it is a challenge to keep appointments because 

something might happen. But here, as [Father in G1] says, these surrounding provide 

(better conditions for) new ideas than at home. Being surrounded by other people than at 

home matters, and seeing new faces makes networks”. Providing space for being together 

uninterrupted of the stresses of everyday life is especially important for families in the 

Tingbjerg neighborhood because they are, on average larger than traditional Danish 

families making uninterrupted interactions rare.  
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Discussion 

The main findings of this study are that 1) maker activities provide space and place for 

collaboration, 2) tools and materials affect the sharing of tasks, 3) tools and materials add 

language to convey ideas, and 4) improvisation can be at the cost of alignment. The main 

findings are discussed in the following.  

Maker activities provide space and place for collaboration 

The participants express that attending the workshops provided them with time and space 

to be together and collaborate. In line with Taylor et al.’s [43] argument that the 

makerspace acts as a third space for men, it is found that the makerspace can act similarly 

for families. In comparison to home, the Creator’s Space is a place dedicated to making, 

and therefore, during participation fathers nor children are concerned much about the 

stresses of everyday life. In comparison to school or work, the workshops support the 

training of relevant competences like computational thinking, construction, and 

collaboration [2,21]. However, the foremost goal was for the participants to have a 

positive social experience. The workshops provided space for participants to be together, 

articulate ideas, solve problems, and celebrate solutions, as well as for children to 

experience their father among his friends. That provides the conditions for collaboration, 

role-shifting, and mutual learning that adds positively to the father-child relation.  

Tools and materials affect the sharing of tasks 

According to activity theory, tools are the mediators between individuals and the 

objectives they pursue in the world [12]. That makes interaction with tools and materials 

a two-step activity. First, individuals’ personal preferences and historically shaped skills 

affect the use of the tools. Similar to how designers attribute the machine roles and 

activate them in diverse ways [6], our results point out that fathers and children react 

differently to tools and materials introduced. Prior research on father-child interaction 

around maker activities argues that fathers can participate peripherally as a mentor or 

directly as a peer [37]. The workshops encouraged fathers to collaborate as peers, which 

can mean less attention to the child's emotions. We further found that in activities using 

creative materials, the fathers took control over the process and outcomes, whereas 

children took more control in the computer-based activities. Also, creative materials 

support interdependent problem-solving. A plausible explanation for the fathers’ control 
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is about expertise (or perceived expertise). Constructing geometrical shapes (W1) or 

making a domino effect using scissors, glue, tape, straws, old toys, and waste materials 

(W3) require refined fine motoric skills and a commonsense understanding of gravity, 

geometry, and construction. Fathers can rely on their tacit knowledge [33] developed 

simply by seeing, touching, and using objects in their environment throughout their 

lifetime, affording them to use their intuitive logic to solve the problems. A key finding 

of this research is that children overtook the control as computers were introduced (W1 

and W2). In comparison to using a set of scissors, computer programming interfaces are 

not tools most people regularly use in their everyday lives and require adherence to a 

specific syntax and to make use of abstracted mathematical concepts. As children in 

Denmark are introduced to such concepts and interfaces at school [23], they are allowed 

to take on the more experienced role. Both fathers in this study did instruct, comment, 

and occasionally overtake but also acknowledged the child as more or at least equally 

experienced in the computational domain.  

Tools and materials add language to convey ideas 

The second step in the individual-tools-objective interaction is the relation between tool 

and objective. Materialist theories agree that technologies are not neutral actors. Some 

scholars even go so far as attributing tools agency due to their abilities to affect their 

environment. However, a more subtle notion is that tools and materials mediate the 

interaction between individuals and the world [25]. The mediating effect is apparent in 

this study as the software used for laser cutting and programming the microcontroller 

provides a vocabulary by its fields, checkboxes, and predefined shapes. That serves father 

and child to effectively direct their dialogue to the specific details that matter. On the 

contrary, the activities using creative materials provide no prescribed vocabulary. In line 

with Schön’s [38] idea of material talk-back, the conversation revolts around the 

experience of the materials and how they respond. Therefore, the conversation is more 

immediate and dynamic, affording participants to move in space (to gather new 

materials), test models on the floor, switch seats, and demonstrate ideas using their body 

language and at-hand materials. Instead of a vocabulary directed towards a limited set of 

features, creative materials provide direct and immediate feedback, which participants 

collaborative can reflect on.  
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Improvisation can be at the cost of alignment 

An important feature of making is tinkering. Tinker, according to Mitchel Resnick, is the 

maker “playfully experimenting, trying out new ideas, reassessing his goals, making 

refinements, and imagining new possibilities” [35]. During the workshops – and 

especially in situations when participants needed to overcome problems – tinkering was 

a common problem-solving strategy. It is a viable strategy because the individual can 

think with materials in creative ways. However, tinkering also proposes a dilemma for 

collaborative maker activities: Tinkering is largely an individual process that has risks of 

individual ideas overtaking the collective solutions. In both workshops using creative 

materials, fathers improvised to solve problems that the group was stuck in and to make 

new adaptations without aligning the solution. While our results do not point out that 

children felt less committed to the process or the solution made, that is the risk if ideas 

are not properly aligned before they become solutions. 

One strategy to overcome the dilemma is to revisit Orlikowski and Hoffman’s model of 

change [32]. The model suggests that change processes include a combination of 

anticipated changes, emergent changes, and opportunity-based change processes. 

Collaborative maker activities do include anticipated processes like the articulation of 

ideas and distribution of tasks, emergent processes like using the catapult to attack the 

other groups, and opportunity-based processes like solving problems in creative ways and 

making adaptations. However, instructors could both remind collaborators about the tacit 

and emergent aspects of maker activities and, when opportunities arise, encourage both 

participants to tinker to devise a solution, compare their results, and decide on a collective 

solution.  

The social and materials affect diversity 

Makerspaces are funded in public institutions like schools and libraries with the aim of 

enhancing digital literacy. Makerspaces contribute to this agenda by allowing access to 

tools and materials to learn about and be creative with technology. It has been 

documented that makerspaces do provide the means to empower students [21], hobbyists 

[42], and creative professionals and semi-professionals [15,20]. It has, however, also been 

argued that makerspaces provide socio-technical barriers and foster homogenous 

communities that can exclude certain groups [8,10,40]. 
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Creator’s Room in Tingbjerg is a relatively diverse place that is used regularly by a group 

of girls as an after-school hang-around and a place to make handicraft projects. Also, 

local women meet regularly there to make advanced sewing projects, and a weekly coding 

club assembles children (mainly boys) interested in technology. This diversity can be 

attributed to a combination of material and social practices. On the material side, the space 

is situated in direct connection to the local school and presents new users both with 

creative materials and tools, such as fabric, cardboard, sewing machines, glue guns, and 

reusable waste, as well as a laser cutter, microcontrollers, and computers. Perhaps more 

substantial are the practices to reach out to local community actors, foster collaborations, 

and accustom activities that are meaningful in the community. For example, the Baba 

project displays a way of learning about technology but with the more important aim of 

fathers and children collaborating and developing their relationship. Also, girls 

participating after school do not participate in learning about programming. Rather, 

computational principles are introduced in situations when computation can be used to 

enhance the creative expression (e.g., adding a microcontroller to control the light to a 

Halloween decoration).  

Limitations – issues of recruitment 

The main limitation of this research is the number of father-child pairs involved (n=3) 

and analyzed (n=2), which has implications for both research and practice. From the 

research perspective, analyzing the two father-child pairs proved to be sufficient to 

demonstrate ways tools and materials mediate the collaboration, but interaction analysis 

of a larger sample could reveal more general interaction- and collaboration patterns 

mediated by creative materials and computational tools. Such comparisons are 

encouraged for future research as they can qualify the value and limitations of maker 

activities. For practitioners, recruiting new users and community groups is an evident 

challenge [7,40]. Through the workshops, this research sought to involve a community 

group for which the makerspace could be beneficial and meaningful and spent effort on 

meeting with representatives and facilitating a pre-workshop only for the Baba fathers 

resulting in three father-child pairs participating. For practitioners, the cost associated 

with recruitment can result in a focus on sustaining existing users and communities [9] 

and neglecting actively involving new groups that are unfamiliar with tools and 

possibilities in makerspaces. In alignment with the overarching goal of makerspaces – to 

enhance the access of more people in technology construction – further efforts in research 
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and practice must be dedicated to identifying marginalized users in makerspaces and 

strategies to include them.  

Concluding remark 

Motivated by expectations of democratization, learning, empowerment, collaboration, 

and community-building associated with the maker movement [14,20], spaces for 

creative unfolding with technology become more integrated into existing societal 

institutions, including schools, museums, community centers, and libraries. Nonetheless, 

outcomes of makerspaces are dependent on particular social, cultural, and economic 

circumstances and benefits often happen in momentary ‘glimmers’ [29]. Therefore, case-

based understandings of the ways situated practices unfold and contribute meaningfully 

within the institutional and communal boundaries are relevant. Based on a small - but rich 

- data material, this research exemplifies how a library makerspace can mediate a 

meaningful relation between father and child and how computational and non-

computational tools mediate the collaboration. We consider video interaction analysis as 

a promising path to uncover subtle, tacit, and taken-for-granted complexities involved in 

maker activities. Still, given the small sample, more research is needed. Especially 

following up on the consequences of tool selections, descriptions of modalities of 

interactions, and the impact of the existing social relationships would be relevant to 

pursue in future studies.  
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