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Abstract 
This thesis explores interaction between humans, materials, and machines, in 
the context of makerspaces. The concept of making describes a practice that 
deals with new technologies in combination with craft to create artifacts in 
physical, digital and hybrid forms. Despite substantial research, there is still a 
need to examine what practices of making have to offer to Human-Computer 
Interaction (HCI) research. This particularly concerns investigations of the 
close relations between the multitudes of different activities, materials, ma-
chines and things in such shared spaces.  
 
Making is discussed as a practice of importance for interaction design and 
conceptualised as involving a particular mindset when engaging with materi-
als and machines. Based on this, my work argues that the phenomenon calls 
for a deeper reflection on recent movements on material interaction and ma-
teriality on the one hand, and perspectives on machine interactions on the 
other. I explore how situated and embodied practices can be revealed in in-
vestigations of makerspace activities. Further, my work describes how makers 
experience and make sense of the materials and machines that populate mak-
erspaces. Finally, I map out how insights on experience and practice with ma-
chines and materials can be conceptualised in a way that become useful for 
contemporary interaction design practices. 
 
The presented research builds on four qualitative studies, in which I draw on 
investigations in the makerspace and combine an ethnographic approach with 
participant observation, design methods and contextual inquiry. The resulting 
five collaboratively written papers frame making as an experience in itself and 
discover particular ways of making sense of materials. Further, we study em-
bodied and situated dimensions of 3D printing, as well as practices concerning 
modding and the maintenance of machines and explore how practitioners 
may develop a maker mindset. The papers contribute with a set of conceptu-
alisations such as “material literacy” when taking artifacts apart, “machine 
sensibility”, which practitioners show in their interaction with 3D printing, 
and the “pliable machine” that emerged from studying modding of a laser cut-
ter. These conceptualizations highlight new aspects and perspectives of maker 
activities and interactions previously less accounted for. 

 
Keywords: HCI, making, materials, machines, experience, makerspace, situated 
practice, embodied interaction, material interaction, maker culture, material turn, 
digital fabrication, material literacy, machine sensibility, pliable machine 
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Sammanfattning (In Swedish) 
Denna avhandling utforskar interaktionen mellan människor, material och 

maskiner, i kontext av ett makerspace. Making i detta sammanhang beskriver 
en praktik, som handlar om att kombinera nya teknologier med hantverk för 
att skapa fysiska, digitala och hybrida artefakter. Genom att studera så kallade 
makers och deras upplevelser så involverar mitt arbete dessa teknikentusiaster 
som har framträtt som en intressant grupp att studera inom forsknings-
området människa-datorinteraktion under det senaste decenniet (på engelska 
Human-Computer Interaction, oftast förkortat som HCI). Det finns dock ett 
behov av att undersöka vad making har att erbjuda när man analysera de nära 
relationerna mellan de mängder av olika aktiviteter, material, maskiner som 
pågår i gemensamma utrymmen som kallas för makerspaces. I avhandlingen 
så diskuteras making som en intressant praktik för interaktionsdesign överlag, 
samt att den lyfts fram som ett särskilt ingång till material och maskin-
interaktion. Vidare så resonerar jag att fenomenet öppnar upp för en djupare 
reflektioner kring material-interaktion och materialitet, och själva upplevelser 
av maskiner. Målet är att bättre förstå och lära oss ifrån de redan pågående 
praktiker i makerspacet. För detta utforskar jag exempelvis hur vi kan närmar 
oss de situerade och förkroppsligade praktiker inom makerspace aktiviteter. 

 
Den forskningen som presenteras i denna avhandling bygger på fyra 

kvalitativa studier, där jag har undersökt makerspaces genom att kombinerar 
ett etnografiskt förhållningssätt med deltagande observation och kontextuell 
undersökning med en induktiv ingång. I de resulterande fem artiklarna ramar 
jag in making som en upplevelse i sig och utforskar makers speciella sätt att 
förstå materialet omkring de. Vidare så studerar jag olika förkroppsligade och 
situerade dimensioner av att hantera 3D skrivaren och dess process på nära 
håll. Sedan utforskar jag både modifiering som praktik och diskutera själva 
omhändertagande av maskinerna. Utöver så studerar jag hur makerpedagoger 
bemöter olika typer av material och hur de utvecklar ett maker mindset genom 
sin praktik. Vidare beskriver mitt arbete hur makers upplever och förstår både 
materialen och maskinerna i detta sammanhang. Slutligen kartlägger jag hur 
insikter om erfarenhet och praktik med maskiner och material kan 
konceptualiseras på ett sätt som blir användbart för samtida interaktions-
design. Avhandlingen resulterade i en rad olika konceptualiseringar som 
"material literacy" (materiell läskunnighet) när de tar isär artefakter, "machine 
sensibility” (maskin känslighet), som makers visar i sin interaktion med 3D 
skrivaren, och en "pliable machine” (den fogliga maskinen) som togs fram 
genom att studera modifieringen av en laserskärare. Sammanlagt, så lyfter 
dessa konceptualiseringar fram nya sätt att utforska och förstå samspelet 
mellan människa, material och maskin.  
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Preface 
 
This thesis is about making.  

Making can mean many things:  
It can describe how we use our hands to make something,  
 such as shaping a bowl in clay;  
It can also depict a process or means of advancements,  
 such as succeeding in programming a functioning line of code;  
Through the lens of design, it similarly depicts either a process or a project.  
As well as describing the act of forming, doing, or coming into being: 
Thus, making involves someone who does, as well as something that becomes. 
 
In the context of this thesis, making can be seen as a contemporary 

approach to craft that is infused with technology. What needs to be 
acknowledged, however, is that making in itself does not come from an empty 
void: for hundreds of years, people have been fixing and repairing the artifacts 
and tools they use, building and remodelling their homes, making their own 
textiles and mending their clothes. From the beginning of the last century, 
people had begun to rely more and more on products made using mass 
production techniques and on the consumer-oriented economy that opposed 
self-made things and undermined the principles of self-reliance (Kuznetsov 
and Paulos, 2010). Thus, the maker movement, which started nearly 20 years 
ago, represents a cultural trend that again places value on participation and 
the individual’s ability to be a creator as well as a consumer of things (Kwon 
and Lee, 2017). Makers are those who try, test, explore and challenge what 
particular types of materials, machines and old and new craft techniques have 
to offer. 

 
But how should someone tackle topics around maker culture and study this 

multi-sited, but locally situated phenomenon that stretches across national 
borders and involves a global audience? A phenomenon that involves 
contesting ideologies and aligns itself to different economic systems? 
Furthermore, a trend that involves various kinds of practices and thousands 
of contributing people who identify as makers? Clearly, this proposed a 
somewhat overwhelming endeavour, and was a subject which had already 
interested many scholars of Human-Computer Interaction (HCI) at the time. 
An issue that therefore became challenging in this PhD project was to find a 
niche and meaningful area to contribute to, as topics around ‘maker culture’ 
were attracting great excitement when I started this project back in 2015. I 
wondered: how can one study a community and people’s activities from 
within? At the same time, I started to wonder, ‘What actually happens in 
makerspaces?’, ‘What is so particular about making?’ I tackled this by starting 



 xi	

– and in many ways staying – local. At first, it was easy to be fascinated about 
the excitement around makerspaces and similar shared sites that were 
highlighted in HCI research and had also gained traction within a wider public 
discourse. Soon, however, the excitement subsided and made room for more 
explorative and critical perspectives, as well as finding ways into applied 
arenas (such as into education and learning). Moreover, many HCI 
researchers had already moved on to the next topic.  

 
Meanwhile, I had connected with makers locally, participated in a 

community-led makerspace in Stockholm and followed a number of 
initiatives at a Swedish national level. My research was – and is – involved with 
the people that are active in these spaces. I followed how they made things and 
talked about their practice, understood ways in which makerspaces are run 
and how different people and sites try to connect and collaborate. My role was 
never anonymous or detached, but involved with all things ongoing. Notably, 
I started this journey by exploring making from a much wider scope than I 
discuss in the publications or the summarising cover paper presented in the 
following pages. Hence, beyond work in the makerspace, my research 
included a two-year involvement with a separatist network that was striving 
for inclusion and female participation, called ‘Makertjej’ (tjej, Swedish for 
girl), as well as following and participating in maker activities in the 
collaborative national organisation ‘Makers of Sweden’. Both of the initiatives 
were founded in 2015 by makers in my networks. Furthermore, study visits 
have led me to various shared workshops (such as makerspaces, hackerspaces, 
FabLabs, artist collectives and machine shops) throughout Sweden as well as 
around the Baltic Sea area. Thus, I conducted field work in Tallinn (Estonia) 
and visits to places of interest in capital cities such as Helsinki (Finland), 
Copenhagen (Denmark) and Berlin (Germany). Moreover, I visited 
pioneering maker and hackerspaces in San Francisco and the Bay Area (USA). 
Most of these study visits helped me to contextualise and position the ongoing 
work that I conducted in the local contexts.  

 
However, as the process of writing a thesis requires one to go into detail, I 

focused on several activities that were ongoing and interesting at site. Here, I 
found that makers showed particular ways of encountering and treating 
materials and machines, which could offer new insights and perspectives that 
are useful for HCI. Finally, I would like to acknowledge that making and the 
discourse around it has changed throughout the time I have studied it. 
Therefore, I argue that this thesis together with PhD work on similar topics 
(e.g. Boeva, 2018; Braybrooke, 2019; Foster, 2017; Kohtala, 2016; Loose, 2020; 
Mota, 2015; Ring, 2021; Shorey, 2019; Toombs, 2016 among others), assist in 
encapsulating this contemporary phenomenon. 
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1   Introduction 

In recent years, making has emerged as a creative practice of people who 
use and share machines, materials and spaces. As the field of HCI and 
interaction design is focusing on the process – the ‘actions’ and outcomes 
when interacting with and designing for technologies – maker activities and 
their practices provide an opening for studying such processes. Here, people, 
known as makers, individually and collaboratively engage in maker activities 
of constructing and deconstructing artifacts and systems in shared sites called 
makerspaces. Influenced by do-it-yourself (DIY) practice, as well as both 
hacker and open-source movements, maker activities characteristically mix 
crafting with computation and fabrication, and can therefore be seen as a 
contemporary way to undertake craft, infused with technology. Hence, the 
culture and communities around making have also been described as a socio-
technical phenomenon around a diverse collection of emerging technologies 
and practices (Green and Kirk, 2018; Lindtner et al., 2016). In this thesis, I 
focus on the interactions and experiences of makers with materials and 
machines that are present in makerspaces. I study how makers engage with 
and make sense of the things that surround them, and ask what HCI can gain 
from these findings. While the task of designing, developing and producing 
technology and interactive artifacts is commonly undertaken by professionals 
in industry and research, I argue that the advent of making and its connected 
maker culture engages in an alternative angle, which emphasises participation 
in these processes. Makers hence blur the roles of amateur and expert and of 
the professional and layperson (Hermans, 2015; Kuznetsov and Paulos, 2010). 
Furthermore, making as a practice places value on the individual’s ability to 
be a creator as well as a consumer of things (Kwon and Lee, 2017). Here, 
growing numbers of global maker communities and their accessibility to tools 
and information have made it possible for makers to critique, brainstorm and 
troubleshoot their work together (Kuznetsov and Paulos, 2010).  

 
Studying relationships between humans and technologies is a key issue for 

interaction design researchers within the domain of Human-Computer 
Interaction (HCI). To contribute to this research space, I am presenting a 
body of work in which I have engaged in qualitative research in interaction 
design that moves close to makers’ experiences. By drawing on ethnographic 
methods, foremost using participant observation and contextual inquiry, I 
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unpack some of makers’ relationships with the materials and the machines 
they encounter in the makerspace. By focus on some specific technologies that 
inhabit the site, I refer to different activities that makers engage in, such as 
taking artifacts apart, making sense of 3D printing processes or modding a 
laser cutter. My observations offered an opening to reflect on the role of 
material interaction as well as to investigate human-machine interactions that 
become visible in makerspaces. I discovered how makers bring to the surface 
particular abilities and skills when experiencing and engaging with 
technology. Moreover, I emphasise the situated interpretative activities that 
makers engage in, which put the rich flora of different artifacts, technologies, 
machines and materials under scrutiny. Theoretically, my research thus draws 
on a pragmatic approach of framing technology as experience (McCarthy and 
Wright, 2004) as well as on situated practice and embodied interaction 
(Dourish, 2001) that builds on phenomenology. Furthermore, I revisit some 
earlier perspectives on the roles of machines in HCI (e.g. Orr, 1996; Pickering, 
1995; Suchman, 2007) and put them into relation with the interactions that 
become visible in the makerspace. 

 
The aim of my research is to foreground experiential dimensions of making 

and to frame the situated and embodied practice that takes place in 
makerspaces, instead of perspectives such as makerspaces’ social dimensions 
(e.g. Boeva, 2018; Fox et al., 2015; Toombs, 2017) or innovative goals that 
other scholars have pointed out (e.g. Lindtner et al., 2014; Lindtner, 2020; 
Wang and Kaye, 2011). Furthermore, my work is less involved with 
politically-oriented agendas (e.g. Foster, 2017; Okerlund et al., 2021; Toupin, 
2014) or particularly learning-oriented perspectives (e.g. Kafai, 2018; 
Papavlasopoulou et al., 2017; Sheridan et al., 2014). Moreover, I did not 
engage in critical making (Ratto, 2011) either. In the papers that form the core 
of this thesis, I and my co-authors offer a series of conceptual contributions, 
such as the concept of material literacy, machine sensibility and the pliable 
machine, as well as articulations about material qualities, producing 
printability and introducing a maker mindset. My studies and the resulting 
contributions cover a diverse set of perspectives, while keeping an overall 
interest in emphasising makers’ experiences and situated embodied practices 
with materials and machines in the makerspace. 

1.1 Defining Making 
For years, the term making has been evolving and critically examined by 

both researchers and practitioners alike. Or, as Turner asks, “How did the 
timeless activities of tinkering, fixing, crafting, and constructing come to 
huddle under the umbrella term of ‘making’?” (2018, p. 161). The origins of 



 3	

the term in the context as explored in this thesis link back to a re-branding 
activity by officials of O’Reilly Media. The story goes that when seeking a term 
to describe the rising interest in tinkering, hacking and DIY practices, 
Dougherty decided back in 2005 on making, thereby naming MAKE magazine 
(MAKE media) and the Maker Faire, which presented a new framing with 
fewer negative connotations than, for example, hacking had brought along 
(Dougherty, 2012; Stangler and Maxwell, 2012). Hence, making as a term is 
young and has since been problematic for people to identify with, as it derived 
from this constructed narrative. Bardzell and colleagues for example interpret 
‘the maker’ as an entrepreneurial subject that in many ways “co-opted the 
otherwise countercultural and adversarial hackers by mainstream culture and 
industry” (Bardzell et al., 2017, p. 42). I noticed that supporters since try to 
legitimise maker communities as being part of a greater global ‘movement’, 
but that individuals and groups from within the community have had 
problems accepting this imposed identity and what it entails.  

 
Coming from an HCI research perspective, I however see that making, 

offers an opportunity to experience materials and machines in a direct and 
empowering way when realising ideas. Along these lines, makers are described 
as “professional amateur DIY practitioners” (Buechley et al., 2009), or seen as 
“someone who is a do-it-yourself enthusiast that designs, creates, and shares 
technological artifacts to support the maker culture ethics of re-using, 
adapting, remixing, and maintaining open-source access” (Sator and Bullock, 
2017, p. 244). Furthermore, Roedl and colleagues conducted a discourse 
analysis of the maker as an agent who has the power to effect certain beneficial 
societal changes, and found that makers appears as (materially) empowered 
and socially progressive subjects (2015, p. 6). Due to overlaps in meaning and 
shared histories with other practices, such as hacking (e.g. Davies, 2017; 
Toombs, 2017), tinkering (e.g. Jacobsson, 2013), crafting (Buechley and 
Perner-Wilson, 2012; Tsaknaki et al., 2017) and DIY (e.g. Kuznetsov and 
Paulos, 2010; Wolf and McQuitty, 2011), ‘making’ and these other terms have 
at times been used interchangeably. A combining factor is that they all refer 
to similar kinds of practices that occasionally overlap. Furthermore, problem 
solving, ad-hocism and bricolage often stand in focus of maker activities 
(Bardzell et al., 2014; Lindtner et al., 2016; Vallgårda and Fernaeus, 2015). 
Bricolage, which is the construction or creation of something new from a 
diverse range of things that happen to be available (Lévi-Strauss, 1966), is a 
particular process and approach to materials. While difficult to properly 
translate, a bricoleur is ‘tinkering’ or engaged in DIY activities, which conveys 
the idea of an amateurish or not serious practice (Altglas, 2014; Jacobsson, 
2013). When applied, the concept embraces the eclecticism of the individual 
and reflexive approach “to pursue the realisation of themselves through 
diverse means chosen on the basis of unique, subjective experiences” (Altglas, 
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2014, p. 480). Adapting the concept for HCI, Vallgårda and Ferneaus (2015) 
specify that there are three crucial points to a bricolage practice which refer 
to: what bricoleurs work with, the nature of their skill set, and especially how 
they work. Here, they conclude “there are significant qualities to be found for 
interaction design in this immediate way of structuring events through 
material assemblage and modification that together signifies the practice of 
bricolage” (ibid, p. 174), which in return resonates with making. I define 
making as a creative practice of people who use and share machines, materials 
and spaces. Making hereby can be seen as a contemporary way of undertaking 
craft, that is infused with technology. Furthermore, it appears as a trend or 
phenomenon that is influenced by and drawing upon the legacy of DIY, 
hacker- and open source movements. In this thesis, I use the term ‘making’ 
throughout, while also acknowledging that meanings may cross over to other 
realms.   

1.2 Aim and Research Questions 
This thesis aims to examine what making has to offer when analysing the 

close relationships between the multitudes of different activities, materials, 
machines and things in shared spaces. Staying with ongoing practice at the 
makerspace and analysing maker activities, my work investigates how this 
perspective on making may contribute to discourses in HCI and interaction 
design research. Following, there are three overarching research questions 
that I address with this thesis:   
 
 RQ1  What situated and embodied practices can be revealed in  
    investigations of makerspace activities? 
 
 RQ2  How are makers experiencing and making sense of the materials 
    and machines in these shared spaces?  
 
 RQ3  How can insights on experience and practice with machines and 
    materials be conceptualised in a way that becomes useful for  
    contemporary interaction design practices?  
 

My work resulted in five papers that build the heart of this thesis. The 
research questions (RQs) were explored through several interconnected 
studies, with an overarching ethnographic involvement at the main site – a 
local community makerspace (which is featured in Papers I, II, III and V). 
Furthermore, two contextualising studies took place at two more sites that 
include industry (Paper II) and educational settings (Paper IV).  
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1.3 Overview of the Research Approach and Method 
Overall, my work can be ascribed to qualitative HCI research by studying 

the topic through an ethnographic approach, where I have made use of 
inductive qualitative data methods. Focus of my research was to study 
different maker activities at a local community-led makerspace, while 
extending this work with other studies at an educational makerspace and 
drawing on comparative work from an industry design lab. The main site was 
Stockholm Makerspace in Sweden, a volunteer-run community that offers 
individuals access to a shared physical workshop with different kinds of 
machinery, tools and materials in exchange for a membership fee. Founded in 
2013 by a handful of people, the community has at the time of writing grown 
to more than 600 monthly supporting members, whereof 230 are active 
participants that pay monthly for 24/7 access to the workshop. Further, the 
community keeps a website, a monthly newsletter, email lists, a wiki, an IRC 
and active community outlets through Slack and Facebook. A lot of work of 
the communities’ day-to-day running of the makerspace is the organising, 
renovating and customisation of the makerspace to inhabit even more tools, 
machines and materials. Further the maintenance of the equipment as well as 
supporting each other through the communities’ social technologies. My 
work involved a longitudinal ethnographic involvement with this community 
that lasted for the duration of this PhD project. Hence, I developed a close 
connection to the people that are active at this main site which made it 
possible to follow and study ongoing practice as genuine as possible. Most of 
the studies emerged, therefore, from this close relationship and participation. 
Papers I, III and V of this thesis form a connecting arc while following 
different maker activities. In all three papers, I am first author, while my PhD 
supervisors Martin Jonsson and Jakob Tholander played important roles in 
the shaping of the analysis and the refinement of arguments. Additional sites 
that I refer to come from an industry context at HP, located in Paolo Alto, 
USA – here collected by co-author Kristin Dew – which we used for 
comparative work (Paper II). In a different collaboration, with colleagues 
Anna Åkerfeldt from Stockholm University and Per Falk from the 
municipality Sundbyberg this work features research in an educational setting 
(Paper IV). 

 
Starting with an ethnographic approach, I have addressed the RQs above 

by engaging in methods such as participant observation, which according to 
Ingold is “a way of knowing from the inside” (2013, p. 5). Furthermore, my 
research was informed by contextual inquiry, semi-structured interviews as 
well as various explorative design methods (such as design workshops, 
interventions or annotated portfolios). Contextual inquiry can be described as 
a synthesis of ethnographic, field research and participatory methods that 
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provides designers with detailed knowledge of user work, which establishes a 
basis for design (Wixon et al., 1996). My studies were initiated from an 
interaction design and HCI perspective and lasted between three weeks and 
up to two years. Here my method was to follow activities over longer periods 
of time, while the studies often stand for focused segments that encapsulate 
certain findings. In table 1 the structure of the four studies and resulting five 
papers presented in this thesis become visible in relation to the overall 
ethnographic involvement and other studies and fieldwork that was ongoing. 
In the table, the darker sections for each paper visualises periods of data 
collection, medium light relates to analysis and lighter areas depict paper 
writing and revision.  

Table 1: Research timeline of the studies and the resulting papers.  

 
 
The process of analysis depended on the study approach, but overall relied 

heavily on qualitative methodologies for coding and interpreting the data. 
Here, work was mostly analysed through thematic analysis, which emphasises 
the interpretation of patterns of meaning within the collected data – but in 
one case was led by a grounded theory approach instead (Charmaz, 2014). 
Hence, in the studies I relied on gathering rich data from observations in the 
makerspace, semi-structured interviews with makers, video and audio 
recordings of ongoing practice and design workshops, as well as by taking 
pictures, using sketching, annotated portfolio techniques and visualisations. 
Most of the audio- and video data first needed detailed transcription as well 
as systematic yet flexible iterations of analysing the qualitative data to ground 
and construct themes or concepts from the data themselves. Coding and 
memo writing were part of the process. Overall, I and my co-authors often 
probed various angles and used an iterative approach before arriving at a 
promising contribution. In summary, my studies captured situated practice 
and focused on fragments that were representative for many of the things that 
were ongoing at the makerspace. While studying maker activities with a focus 



 7	

on makers’ material and machine interactions have emerged as the main 
subject of this thesis, my PhD journey has thus included several parallel paths.  

1.4 Overview of Papers Included  
Research is more often than not a collaborative effort. Just as Star describes 

scientists as people ‘doing things together’ (the ‘things’ here being an activity 
they describe as science)1, the heart of this thesis is the publications, which 
have been worked on and published together with various individuals. Hence, 
both my own and others’ roles and contributions to the work are therefore 
acknowledged in the following sections. As the format of this thesis is a 
compilation thesis, it consists of a framing “kappa” that is the cover paper 
(Part I) and five adjoined publications (Part II). Below, I offer a summary of 
each paper, where I briefly present the main outcomes and offer input on the 
division of labour between my co-authors and me. 
 
Paper I: Sophie Landwehr Sydow, Jakob Tholander, and Martin Jonsson. (2017). 
“It's a Bomb!” –  Material Literacy and Narratives of Making. In Proceedings of the 
2017 CHI Conference on Human Factors in Computing Systems. Association for Com-
puting Machinery (ACM), New York, NY, USA, 121–132.  

 
In Paper I, we introduce the term ‘material literacy’ to draw attention to the 

skills and abilities that people use when making sense of the qualities of 
interactive computational artifacts of both hardware and software. This paper 
was the major result of a six-month ethnographic study at Stockholm 
Makerspace for this thesis. For the study, we carried out the activity of taking 
an artifact and its technology apart, which we position as a narrative 
experience, where the interpretations of the participant gave potential for the 
participants’ experience around the artifact that emerged. The artifact – a blue 
box that was disassembled and explored in a makerspace – turned out to be a 
20-year-old prototype that had not been designed or intended to work as an 
object around which someone could build a social and personal experience. 
Instead, it served a purpose as a prototype for a production series, and its core 
was meant to explode when the box was entered unauthorised. Here, the 
material interpretations and a series of maker activities created a forensics-
style experience for the participants. In the paper, we used a narrative 
approach to frame and tell the story of the exploration that took place. 
Additionally, we found and highlighted a set of material qualities, which 
triggered certain interpretations. This first paper contributes to HCI research 
with a discussion on literacy with and around technological artifacts, as well 
                                                             
1 A quote by Susan Leigh Star, described by Stefan Timmermans in the introduction to ‘Bound-
ary Objects and Beyond – Working with Leigh Star’ (Bowker et al., 2016, p. 4). 
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as by showing how new forms of digital literacy may take shape in hybrid and 
physical environments. In the paper, we also argue that maker activities can 
take different forms and relate to a wide variety of things that go beyond ideas 
around innovation and learning. We further point out makerspace activities 
as spaces for co-creating experiences.  
 
• Paper I contributes to discussions on the interplay between computational 

materials and experience. Here we introduce the concept of “material lit-
eracy”, which allows makers to ‘read’ and understand hybrid digital arti-
facts and its components while taking it apart.  

 
• My role was to lead this project and by conducting all data collection. I 

also organised analysis workshops to develop an angle for the paper and 
conducted follow-up interviews with the participants. Both the analysis 
and the writing of the first paper were done collaboratively, with consid-
erable input from both co-authors. 

 
Paper II: Kristin N. Dew, Sophie Landwehr Sydow, Daniela K. Rosner, Alex Thayer 
and Martin Jonsson. (2019). Producing Printability: Articulation Work and Align-
ment in 3D Printing. Human–Computer Interaction, 34:5-6, 433-469.  

 
For Paper II, the 3D printer became particular interesting, as it combines 

and bridges the design of digital and physical artifacts, as well as having also 
come to symbolise the maker movements’ futuristic promises of personal 
fabrication and novel ways of production. As this happens both in industry 
and hobbyist contexts, I and the first author combined a series of workshops 
and interviews from two sites: a research laboratory of a large technology 
company in the US and a community makerspace in Sweden, and compared 
them. As a starting point, we saw that the quickly advancing and changing 
constellations of 3D printing tools, sites, and processes raise questions about 
how to configure and integrate new technical developments in equipment, 
software, and materials. Moving closer to the actual 3D printing process, we 
probed how and why the work of printing actually gets done. What makes an 
object “printable” or capable of being printed with the tools and expertise at 
hand? To discuss this, we collaboratively analysed data collected at two 
different sites, one from the makerspace and the other from industry. The 
analysis draws on the notion of articulation work to shed light on the hidden 
and overlooked techniques of making that hold the highly unpredictable 
fabrication in 3D printing processes together. In these settings, we found that 
a variety of technological developments in printing influence how printing is 
experienced. By following practitioners’ stories of printing successes and 
failures as well as drawing out the distributed negotiations of machines, 
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material understandings and work timelines, we offer a nuanced perspective 
to HCI research on 3D printing.  

 
• In summary, Paper II helps to contextualise 3D printing practice. Finding 

similarities in how practitioners carry out print processes in the industry 
design laboratory as well as in makerspaces highlights how the diverse ac-
tors and sense-making practices draw attention to often overlooked and 
hidden aspects of 3D printing experiences that may not be technologically 
solved. By using articulation work and, in particular, alignment as a lens, 
we discuss the socio-technical glue that produces ‘printability’ and that 
ultimately holds 3D printing processes together in the face of the unpre-
dictable negotiations between machines, material behaviour and printing 
timelines.  
 

• For Paper II, I closely collaborated with Kristin Dew from the University 
of Washington on this comparative study, where we drew on data col-
lected from industry (by Dew) and makerspace contexts (by me), and dis-
covered how practitioners at both sites gain material understanding 
through interwoven embodied and social sense-making. While Kristin 
took the lead on this paper, collaboration was conducted through bi-
weekly meetings to analyse data and carry out collaborative writing, edit-
ing and reviewing of the text through multiple cycles. Co-authors Daniela 
Rosner, Alex Thayer and Martin Jonsson contributed with comments on 
different stages of the manuscripts, offered guidance and added text dur-
ing the final revisions. 
 

Paper III: Sophie Landwehr Sydow, Martin Jonsson, and Jakob Tholander. (2020). 
Machine Sensibility: Unpacking the Embodied and Situated Dimensions of 3D Print-
ing. Proceedings of the 11th Nordic Conference on Human-Computer Interaction: 
Shaping Experiences, Shaping Society. Association for Computing Machinery, New 
York, NY, USA, Article 53, 1–13.  
 

In Paper III we stayed with 3D printing as a constructive maker activity and 
explicitly focused on the situated and embodied dimensions of 3D printing 
and its process, therefore exploring how 3D printing practitioners actively 
consider, deal with, and avoid aspects of failure in 3D printing practice 
throughout the design and making process. This resulted in nine separate 
stories around 10 discarded artifacts, which led to conversations and collective 
sense-making around the artifacts and their corresponding characteristics. By 
analysing the way practitioners talk about failed 3D printed artifacts, this work 
sheds light on the embodied and situated interaction involved in this 
practice. We accordingly found three themes that are central to 3D printing 
practice: the assessment of the printability of the design before printing, the 
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monitoring and intervention during an ongoing printing process, and the 
interpretations practitioners make based on reading a printed artefacts’ 
properties and characteristics. Together, these themes point to how the 
practice of 3D printing involves a complex mangle of human action with 
machine and material contingencies. In the paper, we introduce ‘machine 
sensibility’ as a concept that positions the human centrally when making sense 
of the 3D process, but which also recognises the interdependencies between 
the design, the material and the machine, and how they influence design 
decisions throughout. In summary, in the paper we propose that machine 
sensibility could work as a starting point for exploring and making sense of 
some of the issues around machines that HCI cares for.  
 
• In Paper III, we introduce the concept of ‘machine sensibility’, which 

emerged from studying the 3D printing process in detail. ‘Machine’ relates 
to ways of understanding the materiality of the 3D printer, while ‘sensi-
bility’ refers to the critical interactions and abilities that surfaced. We also 
framed the concept as an analytic lens for further use in HCI research. 
 

• My role was to lead this project, conducting all data collection and initial 
ethnographic work on 3D printing practice that informed the findings. 
Moreover, I deployed the intervention of collecting the ‘failed printed ar-
tifacts’ that were the basis of the exploration. Furthermore, Martin Jons-
son and I conducted a research workshop with the practitioners. The 
overall analysis and the final writing process and revisions of the paper 
then occurred iteratively in collaboration with both co-authors.  
 

Paper IV: Sophie Landwehr Sydow, Anna Åkerfeldt and Per Falk. (2021). Becoming 
a Maker Pedagogue: Exploring Practices of Making and Developing a Maker Mindset 
for Preschools. In FabLearn Europe / MakeEd 2021 - An International Conference on 
Computing, Design and Making in Education. FabLearn Europe / MakeEd 2021. As-
sociation for Computing Machinery, New York, NY, USA, Article 6, 1–10.  

 
Paper IV is the result of a different exploration from those described above. 

Making has in recent years gained momentum as a niche research field in its 
own right and has made an impact on education. Hence, it was interesting to 
see how making can be integrated into more rigid educational curricula and 
which role material and machine encounters play in this setting. Here, work 
was built upon a collaborative and interdisciplinary exploration, where we 
followed and analysed the practice and reflections of a group of nine 
practitioners on what it means to become a ‘maker pedagogue’. In our 
findings, we saw how frameworks around creative learning and the 
competences that new materials need impact how future-oriented educators 
need ways to work and navigate this fast-paced technological development. 
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As the demand in current society affects and strengthens especially preschool 
teachers’ and children’s agencies on how to make use of technology, and not 
only to receive and use it, we saw an opening and a particular value in taking 
this route. Hence, we noticed that developing and then working with a maker 
mindset demands a lot of the individual preschool teacher. As part of the 
process of becoming a maker pedagogue, a teacher needs to learn new things 
and engage both colleagues and learners within that process. Tensions 
between a maker mindset and institutions occur, as planned activities might 
collide, since making builds from a bottom-up rather than a top-down 
approach. In terms of material understanding, our interlocutors followed 
passions (personal interests) that helped them to overcome earlier resistance 
when introducing material and machine interaction into their practice.  
 
• Paper IV stands out by offering a more applied perspective on material 

and machine understanding. Here, the practitioners are new to the maker 
context and first embark upon a transforming process of becoming skilled 
role models. This paper also contributes by contextualising the im-
portance of place, by designing and building for environments for creative 
learning, standing in contrast to my other contributions. 

 
• Together with Anna Åkerfeldt from Stockholm University, with her input 

on didactics, and with Per Falk, teacher and process leader of the munic-
ipality makerspace that is a focus of the paper, we took an interdisciplinary 
approach. While I took the lead in writing and reviewing the paper, the 
co-authors contributed iteratively in their fields of expertise. Conceptual-
ising, data collection and analysis were carried out collaboratively.  
 

Paper V: Sophie Landwehr Sydow, Martin Jonsson, and Jakob Tholander. (2022). 
Modding the Pliable Machine: Unpacking the Creative and Social Practice of  
Upkeep at the Makerspace. In Creativity and Cognition (C&C '22). Association  
for Computing Machinery (ACM), New York, NY, USA, 220–233.  
 

In Paper V we went back to the community-led makerspace and were 
curious to further explore practices around digital fabrication machinery. 
After probing several perspectives on capturing what makers ‘do’ in the 
makerspace, ‘modding’ surfaced as a creative and social practice that offered 
an alternative perspective on relationships with technology. For this paper, we 
focused on interactions with the laser cutter. We asked: How can modding be 
understood as a form of collaborative interaction that is central to digital 
fabrication? For this we interviewed five experienced makers who mod, and 
followed up on modding projects of the past six years that had been conducted 
by a smaller group of active makers in the makerspace. In our findings, we 
show how modding a laser cutter moves beyond use by opening the way for 
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perspectives of caring through makers’ close interactions with the machine, 
how makers cope with risk when modding and how mods are creative projects 
in themselves. In the discussion, we show how, through modding, the laser 
cutter becomes more accessible and useful for the community, but on a more 
abstract level appears pliable. We found that the pliable machine requires (1) 
an accessible machine that can be altered, (2) skills that go beyond use and (3) 
a surrounding ‘maker culture’ of caring, sharing and experimentation. Hence, 
by using modding as a lens, we discuss its meaning for the maker community 
and the overall role of machines in design that these activities bring to the fore. 

 
• In Paper V we show how modding emerges as an underlying but prevalent 

creative and social maker activity, which coexists with and affects ongoing 
practice. Furthermore, modding acts as an example of how machine in-
teraction plays out in the makerspace. By framing the laser cutter as ‘the 
pliable machine’ we highlight it as a socio-technical system that through 
modding becomes pliable ‘material’ in the hands of makers.  

 
• I am the main contributor to this paper, having conducted all data collec-

tion and conceptualised and conducted thematic analysis, as well as writ-
ing and finalising the manuscript. I organised data workshops for video 
analysis of interactions in the makerspace and held the follow-up inter-
views with practitioners. Both co-authors contributed by supporting the 
analysis, rewriting and probing angles of the paper to help with direction 
and then commented on revisions. 

1.5 Summary of Contributions 
The thesis adapts an overall explorative lens on how making with its 

alternative approach to materials and machines may contribute to HCI. The 
contributions offered range from empirical findings that are described in the 
individual studies, to thorough anchoring in theory and related work, to 
conceptualisations and articulations that form my most significant research 
contributions (see Chapter 5). In short, I and my co-authors introduce the 
following concepts: material literacy (Paper I), machine sensibility (Paper III) 
and the pliable machine (Paper V). Furthermore, we make descriptive 
articulations about material qualities (Paper I), producing printability (Paper 
II) and by formulating a maker mindset (Paper IV). By concept, I mean a more 
developed outcome that can serve as an analytic lens or be applied in other 
contexts, while articulation describes findings that are less defined and 
formulised yet – these contributions are more descriptive and can be found in 
close proximity to the study results (see Table 2). Overall, these 
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conceptualisations can be seen as expanding on a spectrum, from descriptive 
findings of instances towards more concrete contributions. 

Table 2: Overview of contribution type and the theme that the papers contribute to. 

                                   Topic 
 
Type  
 

Makers	and		
material	

Makers	and		
machines	

Concept	 Paper I  Papers III, V 

Articulation	 Papers I, II, IV Paper II 

 
These together map out an area of interest that is of relevance to interaction 

design researchers who are interested in studying human-technology 
relationships in the context of community-led initiatives. Further, those 
working with material-oriented approaches focused on practice and scholars 
who are reconsidering what machines can be in the context of HCI. Thus, I 
aim to better to better the understanding of the interplay between maker, 
material and machines at the makerspace. In many of my cases, I therefore 
turned towards the individual level to pinpoint some of the ongoing sense-
making processes, with respect to the makers’ own experiences, their skills and 
abilities within highly contextual, situated and embodied processes of making. 

1.6 Limitations 
The research conducted in this thesis is far from a complete investigation 

of the topic around making and has several obvious limitations. Fieldwork on 
site showed a myriad of possibilities for studying making, and different 
practices in the makerspace beyond the framing that is depicted here. 
Observations, for example, pointed towards intriguing dimensions of 
studying the social or organisational level of making, the online and offline 
communities as well as the activities and relations between actors at (different) 
site(s), as previously studied by, for example, (Toombs, 2017; Green and Kirk, 
2018; Menendez-Blanco and Bjørn, 2019), among others. These dimensions 
were also visible – but are not focused on in this thesis. Hence, while I have 
indeed been involved in multiple social and organisational processes and 
gained insight into how makerspaces are run at local, national and even 
international levels, these aspects of contextualising research are barely 
reflected upon in the outcomes published. Furthermore, a different design 
approach (such as research through design) could have made it possible to 
explore making from a hands-on perspective by including designed artifacts 
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and my own experiences of making, or by further collaborating on projects 
with makers in the space. This thesis speaks about making without reporting 
on embodied making processes from within (i.e. Goveia da Rocha et al., 2020; 
Tsaknaki, 2017 among others). Another limitation is the fact that I am offering 
insights from a predominantly HCI and interaction design perspective – with 
some references mentioning literature from Computer-Supported 
Cooperative Work (CSCW) and Participatory Design (PD), while related 
research fields – such as Science and Technology Studies (STS), feminist 
technoscience and the digital humanities that have explored the topic from 
within their fields – are overall less accounted for. 

1.7 Dissertation Outline 
This thesis consists of two parts: To build a cohesive whole, the text here in 

the kappa (Part I) offers an overall framing as well as a synthesis of the 
contributions made in the individual papers, which are accordingly attached 
(Part II). The introduction presented in the kappa (Chapter 1) aims to offer 
an overview of the research topic and introduce terminology, as well as 
providing short overviews of the research approach and methods used. 
Further it presents the papers shortly and maps out the main contributions of 
this work. Chapter 2 then offers a more generous background, which focuses 
on the three themes that are relevant for this thesis, namely machine 
interaction, material interaction and maker culture. Thus, this chapter 
discusses historical perspectives and revisits HCI literature, as well as 
highlighting relevant related work. Chapter 3 then offers the theoretical 
background and stance that this thesis rests upon. Here, I highlight two 
themes: people's experience around technology as well as situated practice and 
embodied interactions in peoples use of technology. Chapter 4 then outlines 
the methodological approach I pursued in conducting research in this field. 
Here, I offer an overview of the research studies that appear in this thesis, as 
well as including an ethical reflection on the chosen methods and study 
approach. In Chapter 5, I present the contributions to this thesis, which are 
conceptualisations and articulations that fit the two themes namely makers 
and materials and makers and machines. Here I unpack the results of my work 
in more detail. Chapter 6 then features a discussion that reflects on the role 
that interpretation and sense-making played in my work. Then I discuss and 
offer answers to the previously defined research questions. Further, I reflect 
on central concepts and perspectives that were highlighted through my work 
and that might be fruitful for future investigations. Finally, Chapter 7 features 
a short conclusion that revisits and summarises the overall aim of my work.  
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2 Background: About Machines, Materials 
and Making  

 
This chapter sets out to provide a background to three themes that are 

relevant for this thesis, which are machine interaction, material interaction 
and framing maker culture. First, I focus on the notion of machines – here 
starting with manufacturing and craft; then I discuss machines in HCI and 
arrive at the current trend around digital fabrication machinery. In the second 
part of this chapter, I discuss material interaction and focus on the material 
turn – a key concept to which my work relates. It offers a perspective where 
people and different types of materials come together as a whole and 
subsequently form our experiences in and of the world. Finally, this chapter 
contextualises making and maker culture as the latest continuation of DIY 
movements. In summary, this chapter offers historical anchoring of the 
themes discussed, while also taking up and discussing related work conducted 
in HCI.  

2.1 Manufacturing and Craft 
Manufacturing can be separated into two areas, which are (1) humankind’s 

discovery and invention of materials and processes for making things, and (2) 
the development and systems for production. Hence the materials and 
processes for making things predate the systems that were introduced by 
several millennia and therefore have a rather ancient history. Some of the 
processes, such as casting, forging, and grinding, for example, date back 6,000 
years or more (Groover, 2020, p. 2). Jumping ahead to a more recent past, the 
industrial revolution which started in England in the late 18th century, and 
spread during the 19th century to Belgium, Germany, France, USA, Russia and 
Japan, transformed all kinds of production methods that had been previously 
conducted by hand. During this time, the advent of advanced machinery 
accordingly also led to changes in mechanised manufacturing; factory systems 
as well as automation (Holstein and Tanenbaum, 2019). This transition 
influenced both the amount of what was produced – from one item, to batches 
of items, to mass production – but also shaped our understanding of what we 
today refer to and expect as the resulting quality of the artifacts produced. 
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Thus, our everyday objects that are now mostly produced in the Southern 
Hemisphere and shipped to the North are in this light seen as the complex but 
ideal outcome of industrialisation. Sennett criticises the anonymity of the 
resulting products and reflects, “For the first time, […] the uniform perfection 
of machined goods issuing no sympathetic invitation, no personal response,” 
arguing that industrial production has transformed the resulting product, 
which is therefore, by default, lacking in certain qualities and craft (Sennett, 
2008, p. 109). Similarly, Pye reasons “crafts are a border-ground of 
manufacturing industry, and nearly every object they make has its counterpart 
and competitor in something manufactured for the same purpose. In all but a 
very few trades exceedingly high quality is the last remaining ground on which 
the crafts can now compete” (1995, p. 133).  

 
In response to and critique of the industrial revolution, the Arts & Crafts 

movement (between the 1860s and 1920s) gained in popularity. This 
celebrated traditional craftsmanship and small-scale production and 
envisioned a return to qualities and values that had been lost due to faster 
modes of production (MacDonald, 2005). Inspired by writer and art critic 
Ruskin and designer Morris among others, the Arts & Crafts movement tried 
to reform design and decoration in mid-19th century Britain, and later also 
affected other countries (in particular the USA and Japan). In the Swedish 
historical context, craft can be connected to ‘hemslöjd’ – which is carried out 
within the home and rooted in folklore [=allmogekultur] and reaches back to 
the 18th century (Palmsköld, 2012). A hundred years later in unison with the 
Arts & Crafts movement, Sweden experienced a ‘hemslöjd’ revival that aimed 
to increase the social and economic significance of handicrafts occupations in 
the countryside, while trying to increase the artistic and craft quality of the 
rural population's consumer goods. Furthermore, the undertaking aimed to 
preserve handicraft and folk-art traditions that were otherwise about to 
disappear (ibid). According to textile artist Thatch (2019, p. 244), “Craft is a 
process, a product, a tradition and a skill set; it is a noun, verb and ethic. It can 
be a unique source of joy and inspiration for both practitioners and 
appreciators, but is also often embedded in the ordinary, below the level of 
conscious attention,” – pinpointing just how versatile the term craft is from a 
contemporary perspective. In a book that predates the advent of maker 
culture, Dormer and colleagues (1997) criticise this occurring “plurality of 
meanings”, which Dormer sees as the “epitome of confusion” when it comes 
to craft. Here, the authors explore the philosophy of craft in relation to design, 
describing technology and craft’s “intellectually inconvenient” relationship 
with art (ibid, p. 3). The legacy of Arts & Crafts has equally been both 
celebrated and criticised. Some craft scholars such as (Frayling, 2011)), for 
example noted a danger in nostalgia-driven misreadings of craft history, as 
described in the following review by Peach (Peach, 2012, p. 242):  
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“Handcrafted and mass-production industries coexisted in the nineteenth 
century, rather than the commonly held assumption, promulgated by Ruskin 
and Morris but continued today, that one simply replaced the other. Rather 
than yearn for a nostalgic world of craft which never existed, the real debate 
should be about craftspeople retaining creative autonomy, including, most im-
portantly, being given time to do this.”  

 
Along these lines, Pye (1995) describes the contemporary passion for  

anything old, be it junk or antiques, continuing in a vacuum that only work-
manship of risk could fill. Here, the quality of the result depends on the judge-
ment, dexterity and care which the maker exercises as he works (Pye, 1995).  
Furthermore, Frayling proposed a future for contemporary craft that is based 
on small-batch production – similar to what we see in making – which ac-
cording to him makes use of mechanisation but still allows the craftsperson to 
retain elements of control and individuality (Peach, 2012). What becomes 
clear is that craft as a notion and practice comes with legacy and traditions 
that have to be considered when studied in new contexts.  

2.2 Machines in HCI 
Modern machines are generally described as complex systems consisting 

of a multitude of mechanisms, structural elements and control components, 
often including digital interfaces for convenient use. When talking about 
machines in HCI today, we can be referring to a multitude of things: the term 
can relate to personal computers, smartphones and wearables, as well as to 
robots, ambient devices, artificial intelligence (AI) or assistive technology. 
Furthermore, it may include machines that learn or those that fabricate and 
make things. In the current discourse in HCI there are two larger areas that 
are heavily discussed when it comes to machines – one is AI and machine 
learning, and the other is manufacturing and digital fabrication. What both 
areas have in common is automation. While computers have been at the 
forefront of HCI since the beginning of the field, my work for this thesis shows 
that there is a reoccurring need to return towards the more ‘physical’ 
machines that have entered HCI once again.  

2.2.1 Configuring Human Machine Interactions   
Following the study of people’s use of machines in design, interaction and 

related practices are constituting activities undertaken by HCI scholars. The 
first age of computing relied heavily on the understanding of the underlying 
processes that ran the machine. Furthermore, Grudin (1990) describes the 
history of interaction as “the computer reaching out”, where the interaction 
moved from being directly focused on the physical machine to incorporating 
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more of the user’s world and the social settings in which the user is embedded 
(Dourish, 2001). Influential work in the early days of HCI by Suchman (2007 
originally in 1987), Orr (1996) and Grint and Woolgar (1997) provided rich 
insights into the myriad of aspects of our relationship with technology that 
impacted the then-growing field of HCI. In the decades following their work, 
the ‘machine’ in human-machine interaction became to a large extent 
synonymous with computers, in the form of desktop PC computers and in 
later years mobile phones, tablets and wearables. The work of both Suchman 
(2007) and Orr (1996), respectively, referred to photocopiers as machines as 
well as to people who use them and care for them, as well as their interplay 
and technological demand. The starting point of both their studies was that 
technology companies (such as Xerox PARC) continued to produce “more 
complex and versatile machines” that people found even harder to understand 
and to use (Duguid, 2012). A fundamental conclusion drawn by Suchman was 
that there was a mismatch between the designers’ idea of how plans and 
prescriptive representations are ideally made and executed, and how they were 
executed in practice. Here, the notion of situated action, with its aim to 
“explicate the relationship between structures of action and the resources and 
constraints afforded by material and social circumstances” (2007, p. 177), was 
a major contribution and has since been frequently referred to. Suchman 
relates her argument to Grint and Woolgar (1997), who claimed that we have 
to understand the user of a machine as incorporated “into the sociomaterial 
assemblage that comprises a functioning machine” (2007, p. 190). According 
to Suchman, “The user, however, needs to be figured in a less rationalistic 
manner than what was common at the time,” and the object [machine] as 
more deeply ambiguous to include various sites, imaginaries, needs and 
practices (ibid, p.193).  

 
Around the same object of study, the developers of photocopiers at Xerox 

PARC, Orr (1996) studied how technicians made sense of their work around 
maintenance through a range of different ways of talking about the machines. 
Orr saw the sense-making endeavours the technicians displayed, and the “war 
stories” they were famous for within the cooperation, as a culture in its own 
right. Furthermore, Orr characterised the technicians’ practice as made up of 
a form of continuous and highly skilled improvisation. He saw the embodied 
practices of technicians as “necessarily improvised and centred on the creation 
and maintenance of control and understanding” (ibid, p.161). Among other 
things, both Orr’s and Schuman’s arguments emphasised that the 
fundamental challenges in human interactions with machines cannot be 
solved by technological developments. Instead, there is need to further 
understand the everyday engagements around these machines and the specific 
situated and embodied actions that this involves. Fittingly, Light et al. (2017) 
in recent work describe values that are similar and still valid:  
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“Machines may excel at logic and rules, which can help maintain an equal soci-
ety (and/or create conditions for control), but not graceful enactments of kind-
ness and decency. It is humans that excel at discretion, empathy and compas-
sion, going the extra distance where they feel the need.” 
 
Suchman’s and Orr’s accounts bring to fore that people’s relationships and 

experiences with machines are contingent and situated. In his work on 
developing notions of machine and human agency, Pickering describes 
machines as the “balance point, liminal between the human and nonhuman 
world” by being situated between the worlds of science, technology and 
society (Pickering, 1995, p. 44). He writes “[Humans] adopt a passive role, 
monitoring the performance of the machine to see whatever capture of 
material agency it might effect [sic!]” and continues, “Symmetrically, this 
period of human passivity is the period in which material agency actively 
manifests itself. Does the machine perform as intended?” (ibid, p.21) 
Pickering uses the notion of accommodation and resistance to describe this 
“dance of agency” between human and machine, in that machines may 
‘accommodate’ some human intentions, but ‘resist’ others, and the other way 
around. Rose and Jones note on the work of Pickering that, “This is not to 
attribute anthropomorphic properties to machines, but to recognise that some 
human intentions fit more easily than others with the design trajectories of 
the machines and their influence displayed in organisational 
implementations. Humans for their part may also resist or accommodate 
machine agency, recognise these traits in others, and focus them towards their 
own intentions” (Rose and Jones, 2005, p. 37). While seeing the interaction 
with machines as inherently situated, where improvisation can be understood 
as an integral dimension of practice, is not new in itself, it is interesting to 
review the interactions and experiences with machines in the context of the 
makerspace. Here, I find that much of the work is still referring to similar 
problems and complexities which remained the same, an issue I will come 
back to in the discussion.  

2.2.2 Manufacturing and Digital Fabrication Machinery 
As pointed out earlier, the industrial revolution in the late 18th century and 

afterwards transformed all kinds of production and ways of making – now 
rather producing – things that had previously been made by hand. Hence, 
manufacturing and machines replaced physical labour in large quantities, and 
new systems propelled mechanised types of manufacturing but also 
automation and factory systems, and organisational concepts such as labour 
division increased all levels of production (Holstein and Tanenbaum, 2019). 
Babbage had already argued back in 1835 that the most important principle 
on which the economy of a manufacturer depends is the division of labour 



 22	

among the people performing the work (1835, p. 169). According to him, it 
thus “becomes necessary to devote careful and explicit attention to the 
organisation of production, to ‘the whole system’ of the factory. Moreover, a 
manufacturer must be prepared to utilise, and perhaps to design, tools made 
expressly for a specialised purpose” (Rosenberg and Nathan, 1994, p. 121) – 
hence, mapping out specialisation and focusing on efficiency is accordingly 
the key to increasing productivity. What becomes salient is how this 
distinction which was introduced nearly two hundred years ago still affects 
the systems we have today.  

 
Jumping to modern day manufacturing and digital fabrication, Twigg-

Smith and colleagues (2021) similarly describe how the technology that grew 
into CAD/CAM2 was partially shaped by a desire to reduce reliance on skilled 
labour, which resulted in a separation between programming and running 
machines that persists in digital fabrication machines to this day. Hence, 
design and production are still strictly separate in fabrication. In a recent 
inquiry where researchers (Albaugh et al., 2021), for example, explored 
computational hand weaving, they encountered “how tensions exist between 
systems that prioritise production, assumed to equate to precision in the 
resulting artifact, and those that emphasise the richness and engagement of 
the maker in the creative process” (p. 1033). This, according to the scholars, 
also mirrors long-held tensions between manual and automated forms of 
labour. Thus, while the development of CNC machinery was originally driven 
by a need for efficiently produced parts, the development also provided the 
opportunity to reshape power relations between those who worked on the 
machines – who originally had the skills – and management, who then 
retained the power (Noble, 1984; Twigg-Smith et al., 2021). Noble (1984) 
further reflects:  

“Machines are never themselves the decisive forces of production, only their 
reflection. At every point, these technological developments are mediated by 
social power and domination, by irrational fantasies and omnipotence, by le-
gitimating notions of progress, and by the contradictions rooted in the techno-
logical projects themselves and the social relations of production” (p. 324). 
 
Here Noble describes technological development as a social process rather 

than an autonomous and deterministic force, according to him this “restores 
people as the subject of the story rather than being caught in the claws of 
technology” (ibid). While research in the domain of fabrication technology 
has gained traction more recently, the technology itself is old and has been 
used in industry for decades. As Baudisch and Mueller explain, “The reason 

                                                             
2 CAD stands for computer-aided design and CAM for computer-aided manufacturing 
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that we as researchers may have missed the beginning of the field is that [it] 
initially took place behind closed doors – as a small, high-margin market in 
industry that was protected by patents” (2017, p. 166). Just as the expiry of 
patents on key functions within 3D printing technology has spurred 
innovation into small-scale fabrication machinery, the adaptation of these 
tools has contributed to the rise of DIY and maker communities (Mota, 2011). 
As Gershenfeld puts it, “Unlike the digital fabrication tools that came before 
them, these tools have plans that are typically freely shared, so those who own 
the tools can not only use them but also make more of them and modify them” 
(2012, p. 2). 

 
The term ‘machines’ in this thesis refers mainly to digital fabrication 

machinery. Prominent in this category are 3D printers, which are pieces of 
machinery or “emblematic technology” (Devendorf and Ryokai, 2015) that 
have come to symbolise the maker movement as well as entailing futuristic 
promises of personal fabrication (e.g. Fuchsberger et al., 2016; Jenkins and 
Bogost, 2015; Söderberg, 2019), while also presenting alternative and novel 
ways of production (e.g. Devendorf et al., 2016; Fossdal et al., 2020; Peek, 
2019). Other digital machinery also includes laser cutters (here HCI work was 
conducted by e.g. Baudisch et al., 2019; Beyer et al., 2015) as well as CNC 
machines such as CNC mills, lathes, plotters, and knitting and embroidery 
machines (e.g. Goveia da Rocha et al., 2020; Lee and Albaugh, 2021; Mueller 
et al., 2018; Rosner and Ryokai, 2008; Twigg-Smith et al., 2021). Hence, digital 
fabrication describes processes that often need input from digital designs that 
are conducted in a first (separate) step, then commands through 
computational interfaces lead to setting up and handling the machine, which 
then fabricates physical material through delegated automation, finally 
resulting in an artifact. Researchers have recently pointed out how this 
canonical workflow that proceeds through consecutive stages of design intent, 
a digital representation, machine instructions, to a final product, as known 
and commonly depicted does not account for the important nuances and 
situated varieties of workflows that actually take place (Twigg-Smith et al., 
2021). In their research the scholars explored a community involved in 
creative work with CNC plotters that is shared through social media (Twitter) 
and constantly engages with new materials, software and machines. Here the 
scholars figured out how these are connected, resulting in “original workflows 
that illuminate compelling ways humans work with machines” (ibid, p. 12). 
Furthermore, their respondents are actively rewriting digital and machine 
infrastructure as part of the creative process and so pushing boundaries of 
computational craft (ibid, p.13). In a different strand of work, Andersen and 
colleagues (2019) describe weaving and the loom as a machine in a poetic 
piece. They propose ‘digital crafts-machine-ship’, which combines craft with 
the digital and finds ways to make the machines craft along with us, as an 
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addition to the broader conversation about digital craftsmanship in HCI and 
design. 

“Crafts-machine-ship joins body and material, the self with the apparatus, and 
makes and remakes all those involved. If we succumb to its flows, feel and fol-
low the tides, act and react to its rhythms, we find the nuances within action; 
we see difference where we may not have seen it before” (p. 35).  

  
They argue: “By emphasising the shared human and nonhuman materiality 

and vitality of machines, we play down the ideas of machines as tools and 
materials as passive” (ibid, p. 32). In their research into real-time 
computational hand weaving, Albaugh et al. (2021) embraced co-presence 
and repetitive labour to understand how designers can create room for 
surprise and originality within systems of precision and constraint. They 
demonstrated temporal and material factors that shape interactive fabrication 
systems – which helps us to understand playful, exploratory and reflective 
engagements with the machine. While examples of these more exploratory 
approaches to tackling the design space around fabrication machines are 
inspiring and very much aligned with my own take on human-machine 
interaction, much of the HCI research that is more common comes from more 
technical perspectives. Exploring this area and following these alternating 
perspectives on machines is thus promising. 

2.3 On Materials, Materiality and Material Interaction 
Furthermore, the notions of material and materiality have been widely 

discussed and used in HCI in recent years. The meaning of these notions 
varies within HCI, but shows even more variety in related fields such as STS, 
material culture, and craft studies or material science. Here, I can see that 
‘materiality’ is, however, used in a more abstract way. In a collaborative paper, 
Rosner states, “In HCI, thinking with materiality shifts our locus of attention 
for understanding breakdowns and delays, tracing activity and growth, and 
revealing possibilities (and limitations) for design” (Wiberg et al., 2013). 
Furthermore, Fuchsberger and colleagues explain, “Similar to the distinction 
between method and methodology, we understand materiality as the 
theoretical discourse about materials” (2013, p. 2854). In return, ‘material’ or 
indeed materials, refer traditionally to the matter, or “physical substance” 
(Vallgårda and Redström, 2007, p. 514), that things are made of. Hence, both 
materiality and the role of physical and digital materials in interaction design 
are an ongoing topic of discussion.  

 
Back in 1991, Weiser and his colleagues at Xerox PARC had already 

highlighted the goal of ubiquitous computing, stating, “The most profound 
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technologies are those that disappear. They weave themselves into the fabric 
of everyday life until they are indistinguishable from it” (Weiser, 1991). In 
current discourse, fuelled by the advent of applied AI and machine learning 
systems, we see how these visions of ubiquity not only result in seamless 
technology to ease our everyday lives, but how underlying algorithms also 
result in complex conditions that influence the decisions we make, the 
information we receive and the activities and discourses we engage in (see Bell 
and Dourish, 2007). Because of or despite the ‘intangibility’ of the digital, such 
as the information technology just mentioned, scholars state that these seem 
to exist in between the material and the immaterial, with properties so flexible 
they can almost take on any form imaginable (Löwgren and Stolterman, 
2004). This makes it difficult to pinpoint materiality in this setting, but might 
explain in part the fascination for the more tangible emerging materials and 
resulting physical artifacts.  

2.3.1 The Material Turn  
Formally introduced by Robles and Wiberg (2010), the material turn is 

generally marked by the HCI communities’ growing interest in the materiality 
of computation, which signifies a shift in the modes of bridging the previously 
prominent physical-digital divide. Furthermore, it puts the focus on how 
interaction is increasingly mediated through physical materials, and how 
interaction design to a larger extent needs to be concerned with its material 
conditions. According to Wiberg, the field is “shifting away from a focus on 
the virtual, immaterial, abstract, or representational qualities of information 
and towards physical, substantive, concrete, and formal properties of the 
computer itself” (2016, p. 1200). Moreover, the “emergence and growing shift 
towards ubiquitous computing has seen digital technologies become 
increasingly embedded in the physical world that we inhabit” (Crabtree and 
Rodden, 2008, p. 481). The last-mentioned point has been picked up in the 
emerging trends around smart objects, interactive systems, augmented reality 
and the Internet of Things (IoT), which at times makes it difficult to define 
where the digital or computational ends and where the physical starts, and 
vice versa.  
 
But what does this material turn include in the first place? Wiberg (2016) 
maps out six approaches that consist of (1) new materials, (2) computational 
expressivity, (3) analogies to craft, (4) new evaluation methods, (5) computer 
as material and (6) materiality – which he then develops further as a starting 
point to discuss the materiality of interaction. Through introducing a mate-
rial-centred approach to HCI and interaction design in later work, Wiberg 
sees how materiality acts as the entangled and intertwined relation between 
material compositions and humans. In this light, interaction design can also 
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be described as the design of interaction through material configurations, 
which is increasingly about the ways we can configure materials to enable in-
teraction (Wiberg, 2018). Accordingly, the materiality of interaction is rela-
tional. This material lens makes it possible to think more broadly about what 
computation may include. Wiberg describes this as follows: “It positions tra-
ditional or mundane materials (e.g., wood and metal) alongside new or novel 
materials (e.g., shape-changing polymers), by that expanding possibilities for 
design” (ibid). He therefore argues that this lens offers new theoretical fram-
ings by acknowledging the material conditions and consequences of design 
environments. In my work I am building on this material lens, which enables 
me to conceptualise the ‘computational’ based on its qualities and how – 
through their arrangement – they become entangled with social practices in 
different ways, as well as revealing particularities, surfaces, and temporal flows 
(Wiberg et al., 2013).  

2.3.2 Approaches to Material in HCI 
In order to provide some structure, I align the following overview of related 

work to the approaches that were mapped out by Wiberg in 2016, to which 
Döring (2016a) added some nuances, as well as relevant work that has been 
published since. Additionally, I describe how my work relates to each of the 
approaches. Recent strands around the material turn provide “a perspective 
that acknowledges how people, computational materials, and even 
traditionally non-computational materials, are coming together as a whole, 
forming our experiences in and of the world” (Wiberg et al., 2013).  
 

A vibrant area around materials is indeed (1) new materials, which includes 
the development of novel and smart materials and work that expands the 
material catalogue for interaction design (e.g. Ion et al., 2019; Kuznetsov et al., 
2018; Ou et al., 2015; Oxman et al., 2015). Here we see a particular surge 
towards smart materials that are shape-shifting or include different modes or 
appearances (e.g. Barati et al., 2018; Bergström et al., 2010; Ishii, 2008; Qamar 
et al., 2018). Furthermore, smart materials are used and developed for 
wearables in close proximity to industrial design, in areas such as fashion and 
for personalisation (e.g. Jones et al., 2020; Mackey et al., 2019; Nachtigall et al., 
2019; Tomico and Wilde, 2015). Further areas that are at the forefront are 
materials to be used in digital fabrication machinery, such as around 3D 
printers (e.g. Kim et al., 2018; Mueller et al., 2014; Nam et al., 2019; Rivera et 
al., 2017). While HCI research is active in these fields, this approach is indeed 
driven by disciplines from engineering and material science to create 
advanced materials which, according to (Döring, 2016a, p. 6)), together drive 
some of the most innovative research fields of our time. In my work I have 
explored how different types of 3D printer filament behave when they are 
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interacted with. While the maker communities I observed are not particularly 
focused on developing new materials, their excitement towards them and 
early adoption of them is noticeable.  

 
The second approach to the material turn describes (2) computational ex-

pressivity, which includes aesthetic approaches and reimagining interfaces 
through expressive dimensions (e.g. Ahde, 2007; Jacobs et al., 2016; Jung and 
Stolterman, 2012, 2011; Lazar et al., 2018). Döring (2016a) further highlights 
user interfaces that create rich ‘multisensory interaction’. Here, material per-
spectives open the way for diverse and more embodied experiences beyond 
tacit interactions. Research around this rather wide approach includes more 
experimental work in connection with bodily dimensions (Jonsson et al., 
2016; Søndergaard et al., 2021); others explore more artistic work (Jackson 
and Kang, 2014) or approach this through speculative design (D’Arcey et al., 
2019; Wakkary et al., 2015; Zhong et al., 2021). Together, these different 
strands of research show a growing interest in the situated and embodied as-
pects of material interactions, and how these unfold. Along these lines, 
Giccarda and Karana introduced a framework for materials experience that 
discusses how materials shape ways of doing and ultimately, practice, and how 
this is rooted in the experience of those materials (2015). Giaccardi and Ka-
rana point out how these different understandings show a “growing attention 
in the HCI community to matters of practice: how through the use of [mate-
rials] people create meaning in their actions” (Giaccardi and Karana, 2015). 
This second approach is opening the way for noticing and making use of em-
bodied experiences in design practice. This angle is helping me to understand 
and position the designerly approaches that several makers in the makerspace 
have brought to the fore. 
 

One of the approaches that has mapped out its own niche arena in HCI is 
(3) analogies to craft, which is also closely connected to the topic studied in 
this thesis. Peach (2013, p. 173) states that while today’s craft revival shares 
many points of commonality […], these revivals are not simply a repetition: 
“Craft is in a constant process of reinvention and reinvigoration; so-called ‘re-
vivals’ are instead uniquely complex and historically changing, reflecting 
more about the present and the future than the past”. In HCI, scholars have 
highlighted that there is a need to focus on the interplay between the digital 
and physical realms in the design of interactive systems, for example by inves-
tigating the relationship between digital design and traditional crafting prac-
tices (e.g. Fernaeus et al., 2012; Buechley and Perner-Wilson, 2012; Zoran, 
2015; Tsaknaki, 2017; Nitsche and Weisling, 2019). Thus creative processes 
that are based on craft and craftsmanship include, for example, HCI work 
around weaving, silversmithing practice, bookbinding, knitting, leather craft 
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and timber framing, among others (Albaugh et al., 2021; Maestri and Wak-
kary, 2011; Rosner and Ryokai, 2008; Rosner and Taylor, 2011; Tsaknaki et al., 
2014, 2017; Dew and Rosner, 2018). Here, scholars are exploring craft prac-
tices and craft history to map out experiences from within and expand design 
research by drawing on the rich legacy of craft work, thereby resulting in re-
flections on how these in return can inform and contribute to HCI, as well as 
by combining craft and computational materials in co-creation. Vivid exam-
ples are Fernaeus and colleagues (2012) who analysed the legacies of machines 
by unpacking qualities of the Jacquard loom, and Jacobs and Zoran’s (2015) 
work on collaborative digital making and ancient crafting with hunter-gather 
communities, as well as exploring Rosner and colleagues (2018) design in-
quiry into the invisible work that went, for example, into developing and as-
sembling core memory – here highlighting gendered legacies and the lack of 
acknowledgement for technological innovation. The work presented in this 
thesis uses analogies to craft, to make sense of the more embodied interaction 
with materials and machines.  
 

Furthermore, (4) new evaluation methods include new forms and 
compositions that rely less on depiction and more on qualities such as texture, 
shape, and feel when assessing design (e.g. Blikstein et al., 2017; Döring, 
2016b; Höök et al., 2003; Wang et al., 2020). According to Wiberg, these new 
computational objects and their materials need new methodologies that are 
oriented towards the field itself. Vallgårda and colleagues, for example, 
propose experimental engineering as a more material-centred approach for 
higher education by articulating the act of open-ended technology 
experimentation (2017b). In other work, Lodato and DiSalvo review issue-
oriented hackathons as sites of experimental material participation (2016). 
Moreover, scholars such as Murer and colleagues suggest new frameworks or 
techniques, proposing un-crafting as a framework of four modes of taking 
interactive artifacts apart (these modes are un-crafting for material exposition, 
material inspiration, material inquiry, and material exploration) aiming to 
pinpoint de-constructive episodes inherent to design processes (Murer et al., 
2017). Conceptualising methods to both understand and evaluate materials is 
also accordingly explored (Biggs and Desjardins, 2020; Karana, 2015; Murer, 
2018). My work is less involved with producing these types of frameworks, but 
resulted in conceptual work instead. 

 
A slightly different approach is seeing (5) the computer as material, where 

scholars treat the computer and code just as any other material, which in 
return shifts the research agenda for interaction design (e.g. Sundström et al., 
2011; Vallgårda et al., 2017a; Vallgårda and Redström, 2007). Here, scholars 
highlight composites, where computational technology is seen as material 
itself; material that has to be combined with other materials in order to be used 
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in design practice (Vallgårda and Redström, 2007). Computational 
composites therefore take up notions such as material properties, which stand 
for a rather different starting point altogether, as Wiberg (2016) recalls:  

“Treating computers as material carries profound, though generally unrecog-
nised, stakes. By seeing computers as things that can be resolved in material 
terms, designers and researchers are pushing back on theories of information 
that have long defined the broadest contours.” 

 
Vallgårda (2014) also describes how “a material perspective offers richer 

aesthetics and new forms of interactions for technological designs.” By 
pushing beyond boundaries of seeing computers as material, this perspective 
overcomes differences between designing with computational technology and 
with other materials such as wood, polymers, or shape memory alloys. 
Following this approach can since been traced in a variety of examples in 
research and practice (e.g. Bergström et al., 2010; Fernaeus and Sundström, 
2012; Sundström et al., 2011; Vallgårda et al., 2017a). In my work, I observed 
how experienced makers encounter materials equally – that is, seeing 
potential in them without treating them as vastly different. Sharing similarities 
with concepts such as bricolage (Louridas, 1999; Vallgårda and Fernaeus, 
2015), these types of interactions would be interesting to further explore.  

 
Finally, the discourse on (6) materiality approaches the material turn 

through the lens of social and cultural analysis and therefore follows a 
different kind of agenda. Here, discussions tend to be more universal and 
more closely aligned to other disciplines. Döring sees this approach as similar 
to an “ongoing general shift towards the importance of materiality as well as 
towards shaping and understanding materials across many other disciplines 
and trans- or inter-disciplinary research fields” (2016a, p. 7), such as in art, 
anthropology, new media or digital humanities. For HCI scholars, materiality 
is used as an entry point to gaining a deeper understanding of the possibilities 
and constraints of interaction design (e.g. Dourish, 2017; Giaccardi and 
Candy, 2009; Østerlund et al., 2015; Rosner et al., 2012; Wiberg et al., 2013), 
while other researchers include and test material boundaries more explicitly 
and exploratively (e.g. Bergström et al., 2010; Oxman et al., 2015; Barati et al., 
2018; Ion et al., 2019). Other very different work by scholars who also 
emphasise materials and the materiality of artifacts relates to those falling 
apart (Tsaknaki et al., 2016) or failing (Song and Paulos, 2021). A related 
strand of research has also included work on repair (e.g. Hector and Botero, 
2021; Jackson and Kang, 2014; Maestri and Wakkary, 2011; Rosner and Ames, 
2014), as well as the consequences of technological waste and waste handling 
(e.g. Callén and Criado, 2016; Dew and Rosner, 2019; Kim and Paulos, 2011; 
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Rifat et al., 2019), which links the materiality of technology to questions of 
sustainability. 

 
This section has given an overview of the different ongoing discourses in 

HCI in relation to material and materiality. In this regard, a number of 
scholars are moving away from approaches that see people and computers as 
two detached and distinct entities. Furthermore, research areas in HCI that 
particularly address communities around tangible user interfaces, wearables, 
novel materials around fabrication and those focusing on embodied or 
embedded interaction. What becomes clear is that materials are approached 
in various interlinked ways that together offer a broad and trans-disciplinary 
arena with its own particular approaches coming from within interaction 
design, and influences from similar fields. For my work, I see how 
understanding the varied contexts behind digital, physical and hybrid 
materials offer a fruitful ground from which to explore makers’ relationships 
with materials. 

2.4 Making and other DIY Movements 
Research on the topic of making in HCI started with a fascination with the 

communities and their DIY practices, which carried an overall positive 
undertone (Kuznetsov and Paulos, 2010; Tanenbaum et al., 2013; Wang and 
Kaye, 2011). Here the maker movement represents a cultural trend that places 
value on individual’s ability of being a creator as well a consumer of things 
(Kwon and Lee, 2017). While makers were initially pictured as new social 
actors in the role of the ‘expert amateur’, the maker discourse soon shifted 
from optimistic perspectives towards more critical and reflective approaches 
that question participation and inclusion as well as the phenomenon’s 
foundation and general construct (e.g. Ames et al., 2014; Bardzell et al., 2017; 
Desportes et al., 2021; Foster, 2017; Kohtala, 2016; Lindtner et al., 2016). From 
the perspective of HCI and interaction design research, the focus has been on 
studying self-identifying ‘makers’ and the wider movement as well as how 
these particular users engage with particular maker technologies such as the 
Arduino or toolkits (e.g. Hertz, 2011; Mellis and Buechley, 2014). As it gained 
in popularity, making was discussed in relation to the communities that 
makers form, sites where maker activities occur and the infrastructures that 
were formed around them (e.g. Green and Kirk, 2018; Hector and Botero, 
2021; Taylor et al., 2016). In the following section, I describe how the current 
trend of making draws both on existing practices and former movements. 
This historical backdrop notably comes from a Western and North-European 
context. Hence, I argue that making should be seen as a continuation of earlier 
movements. 
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2.4.1 DIY Communities  
One of the earliest modern-era DIY communities was formed around 

amateur radio, which started to appear in the 1920s (Kuznetsov and Paulos, 
2010). Radio operators and enthusiasts, began to both build and operate two-
way radio for leisure and recreation in mid-20th-century America. Haring 
(2006), for example, studied a community that was in existence from the 1930s 
to the 1970s and analysed their role within the military and civil defence 
during World War II and the Cold War, as well as exploring the effect of the 
hobby on family dynamics. According to her, ham radio required solitary 
tinkering with sophisticated electronics equipment, which was often an 
activity isolated from domestic tasks in a ‘radio shack’, yet this hobby thrived 
on fraternal interaction. Furthermore, she describes how this community 
developed distinct values and practices with regard to radio, creating a 
particular technical culture (ibid). Amateur radio is a community that is still 
active, with a coordinating international union3. Interestingly, many makers I 
observed are also enthusiastic about amateur radios.  

After years of recovery after World War II4 and times of economic growth 
and expansion, Gelber describes how DIY made headlines again in the 1950's, 
when homeowners’ DIY projects were fuelled by the emergence of the 
domestic masculinity of the suburban dream (1999, p. 204). While these 
‘garage and workshop hobbies’ have a longer history as well, I refer to the 
then-growing domestic artisanship surrounding toolkits and well-equipped 
individual home workshops (Gelber, 1999; Maines, 2009). During this phase, 
DIY became popular on a broader scale: Roland argues that “working on their 
homes […] gave the do-it-yourselfers ‘the satisfying feeling of individual 
identity and measurable accomplishment’ that they failed to get from their 
everyday jobs” (Gelber, 1999, p. 292 ref. to; Roland, 1958). Furthermore, 
Gelber writes that DIY “started out as a somewhat romantic attempt to 
recapture the artisanal past which evolved into a sphere of masculine 
competence inside the household” (1999, p. 298), including the making, 
maintenance and repair of artifacts. A different and more political DIY 
movement also includes the punk counter-culture around fanzines – or in 
short, zines – which included self-made artifacts that were photocopied into 
physical prints for small-scale circulation (Arnold, 2016). Kuznetsov and 
Paulos (2010) described how these handmade zines expressed practitioners’ 
rebellious attitudes through the punk aesthetic. Similar youth-centred and 

                                                             
3 The International Amateur Radio Union (“IARU,” 2021) was established 1925, and it is sug-
gested that there are over two million global amateur radio enthusiasts worldwide. 
4 As a consequence of World Wars I and II, during which many countries of Europe experi-
enced a shortage of food and material comforts, people were forced to ensure their survival by 
making do with the things at hand. Hence, this time of crisis should be excluded when regarding 
DIY as a leisure practice. 
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directed DIY culture made headlines in the 1990s, and was, according to 
McKay (1998), around countercultural interests and practices around green 
radicalism, direct action politics, new music and new experiences – in other 
words DIY is often linked to self-expression.  

2.4.2 Hacking and Open-Source 
Hacker culture began to emerge in the 1960s, with origins in academia, and 

was influenced by the commoditisation of computer and networking 
technology. According to Kuznetsov and Paulos (2010), computer hobbyists 
formed communities to create, explore and exploit software systems, which in 
return resulted in the hacker culture which has since then been thriving. 
Tanenbaum and colleagues for example describe how “our current economy 
thrives on regular obsolescence, generating a surplus of disposable high-
technology that greatly lowers the costs of hacking and experimentation” 
(Tanenbaum et al., 2013). Hacking has since been studied from perspectives 
informed by HCI and in related fields (e.g. Toupin, 2014; Bardzell et al., 2014; 
Kostakis et al., 2015; Fox et al., 2015; Davies, 2017; Toombs, 2017; Delfanti 
and Söderberg, 2018). Here scholars discuss how many of the hacker ethics 
and cultural tropes such as anti-consumerism, rebelliousness make use of 
creativity to overcome problems and continue to prevail and influence strands 
of contemporary maker culture as well. Another related movement relevant 
to making is open-source, which has its roots back in the hacker culture that 
gained in popularity in the 1990s and has continued to affect shared spaces 
since then. According to Weber (2009), the open-source movement in 
software development began as a response to the limitations of proprietary 
code and accordingly reframes and recasts some of the most basic problems 
of digital governance. Open-source tends to be influenced by democratic and 
participative values, as an alternative vision and mechanism through which 
motivated and creative individuals are using their own imaginations to 
reshape the world (Freeman et al., 2019). A main principle of open-source 
software development is peer production, which makes source code, 
blueprints, and documentation freely available to the public (e.g. Braybrooke 
and Smith, 2021; Wolf et al., 2014). During field work I observed how hacker 
and open-source tropes continue to influence makerspace communities. 

2.4.3 The Rise of Making 
Within the last two decades, both making and makers have made headlines 

in public and academic discourses. The so-called ‘maker movement’ describes 
this global phenomenon that according to its advocates may impact the future 
of design work and influence product development as well as education and 
learning. Furthermore, Green and Kirk (2018), for example, state that making 
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provides a type of practice with progressive design values and tropes, like 
openness, participation and collaboration, that make the topic fruitful to 
explore. A combination of several occurrences has fuelled this grassroots 
participation from countries around the world. These events include 
breakthroughs in technology, such as the Arduino Microcontroller project in 
20055, the down-scaling of digital fabrication machinery6 and the emergence 
of social infrastructures – such as the MAKE community7, the emergence of 
Maker Faire8 as a concept and a physical place to meet, as well as digital 
platforms such as instructables9 – all of which have spurred the success of the 
maker movement. Moreover, FabLabs were made accessible to a broader 
public in 2005 (Gershenfeld, 2005; Kohtala, 2018; Krebs, 2019). FabLabs are 
laboratories for fabrication, with commercially available machines, software 
and processes, are in comparison more structured than for example 
hackerspaces or makerspaces, and can be described as globally connected 
open workshops (Walter-Herrmann and Büching, 2014). While not planned 
to coincide, these different events seem to have affected one another, leading 
Boeva and Troxler, among others, to describe 2005 as the ‘year zero of making’ 
(2021, p. 6).  

 
In summary, it can be said that the growth of – and interest in – making 

has developed due to different occurrences that have fuelled both access to 
and affordability of technology such as digital fabrication machinery, as well 
as digital software and computational material. In addition, the heightened 
connectedness of internet technology has led to the formation of social 
infrastructures, which have stimulated and shaped the formation of 

                                                             
5 The open-source Arduino microcontroller project in Italy was commercialised in 2005, and 
was based on an initiating project by a master’s student in 2003 or the Raspberry Pi that was 
released in 2012, which was made at the University of Cambridge, UK. 
6 Digital fabrication machinery such as the open design RepRap project started in the UK at the 
University of Bath in 2005, developed the first low-cost 3D printer and since exists in countless 
variations (Mota, 2011). The following development in this area can be traced back to advanced 
3D printing technologies that became accessible due to the expiry dates of key patents on pre-
existing industrial printing processes between 2013 and 2015. 
7 An adjoining website to MAKE: magazine and community forum was launched in 2005. The 
company behind Make Media folded in 2019, and aims to transition to a community-driven 
non-profit organisation instead.  
8 The first Maker Faire in the US took place in 2006, which has since resulted in hundreds of 
global divisions licensed under the same trademark. Meissner and colleagues (2019) describe 
the Maker Faire as a co-creation at the nexus of different technological, social and economic 
interests while leaving space for diverse practices. These events are part science, part country 
fair, and can be described as shared but fluctuating physical places which allow makers to gather 
as well as serving as a commercial front of the maker movement.  
9 Instructables was founded in 2005 by a former faculty from MIT, providing a web-based doc-
umentation platform where people share what they do, how they do it, and what they learn 
from it, while also collaborating with others (Wilhelm, 2013). 
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communities around the globe. In contrast to previous approaches to DIY, 
these maker activities are carried out primarily out of enjoyment instead of 
necessity. While utility was previously one of the driving factors that led 
people to find a way to fix or repair things when resources and money were 
scarce, in this new trend creative self-empowerment or satisfaction with one’s 
craftsmanship have emerged as key motivations (Hertz, 2011). Maines further 
states that this step from utility to leisure practice occurs whenever the 
usefulness or the significance of a product is overshadowed by the pleasure of 
producing it (2009). Hertz also explains how the “lack of material hardship 
assists in do-it-yourself tasks becoming enjoyable hobbies: in times of 
prosperity and leisure, chores shift into artisanal crafts” (2011, p. 45), a notion 
picked up on by Tanenbaum and colleagues (2013), who describe making as 
a “collaborative and creative hobbyist practice” that can influence professional 
designers and create new design opportunities. These scholars argue for 
making as a democratising technological practice that stands for a broader 
cultural shift in how people engage with technology. In their study from 2013, 
they draw on a variety of projects and communities of makers, crafters, 
steampunk artists, hobbyists and entrepreneurs to illustrate the position on 
the democratisation of technological practices in our culture at large, which is 
bound together in shared practices across a wide range of geographical and 
social contexts. From their discussion, the scholars discern several aims 
behind people’s engagement in maker activities, which include notions of 
pleasure, utility and expressiveness. Tanenbaum and her colleagues (2013) 
thus conclude that maker practice often addresses these concerns 
simultaneously, questioning the dichotomies between work and leisure or 
professionalism and amateurs, and resulting in a negotiation of different aims 
and perspectives at an individual and a community level. 

2.5 Concluding Remarks 
This second chapter aimed to provide a background to key areas that I pick 

up on in my work. Here I map out some of the discourse around machine- 
and material interaction as well as contextualising making. For this I explored 
related work as well as historical anchoring, leading towards discussions such 
as how the history of manufacturing and the field of HCI has transformed and 
influenced how artifacts are developed, designed and produced. Further, I 
focus on making and position the trend as a continuation and contemporary 
approach to some of the movements that came before. Revisiting these origins 
shows how making takes an interest in hacker culture, such as their way of 
problem solving and creatively overcoming boundaries of physical, digital and 
hybrid systems. Furthermore, making also stands for a return to physical 
materials and hands-on, embodied practice, which taps into the material turn. 
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What is relevant for my line of study is how making is carried out as an end 
in itself, pinpointing the fundamental creative pleasure and direct engagement 
with materials that these types of practice afford (Smyth et al., 2018). 
Moreover, I show how making and maker culture can be seen as a flexible, 
technology-based extension the DIY movements which, according to 
Tanenbaum et al. (2013) has “transformed into an aspiring interdisciplinary 
arena of social computing”. Building on this background, my work finds itself 
tapping into rather different discourses to make sense of activities at the 
makerspace.  
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3 Theoretical Underpinnings 

The aim of this thesis is to unpack activities and ongoing practice that 
becomes visible when studying making and how the understanding of 
materials and machines influences technology experience. Theoretically, 
therefore, this work draws on themes that HCI research focuses on, namely 
experience – in particular, experience of technology – and situated practice, 
that makes way for notions of embodied interaction when people engage with 
various technologies in the makerspace. Adding to discourses of the third 
wave of HCI, which treats interaction as a form of meaning-making in which 
artifacts and their contexts are mutually defining and subject to multiple 
interpretations, my work is overall phenomenologically situated. This chapter, 
therefore, maps out the themes on experience, situated practice and embodied 
interaction as well as the underlying bodies of work that my work theoretically 
draws upon.  

3.1 Framing Human-Computer Interaction  
Human-Computer Interaction is a field of research that strives to enhance 

the quality of the interaction between humans and computer systems (Preece 
et al., 2019). This includes how to design and develop technology with humans 
in mind, but also involves the interdisciplinary study of the interactions itself 
and the phenomena surrounding it. Furthermore, HCI addresses societal 
problems that might be solved with the help of new technologies and 
environments (Preece et al., 2019). Broadly speaking, researchers in our field 
are interested in how people interact with technologies and how technology 
changes society. Studying and making sense of experience is hence a 
continuous driving force for current work in HCI. Within the field, 
interaction design can be described as an underlying discipline that focuses 
more on the actual process, ‘actions’ and outcomes when designing 
technologies. Here, interaction design research opens up diverse ways to study 
interaction, experience and activities that people engage in. First wave HCI, 
for example, has its roots in engineering and ergonomics, which resulted in 
human factors that “conceptualise interaction as a form of man-machine 
coupling” (Harrison et al., 2007, p. 3). Within this paradigm, HCI work tries 
to optimise the fit between humans and machines, as well as to develop 
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pragmatic solutions around problems that arise with the aforementioned 
coupling. Thus, the phenomena or problems tend to become abstracted to the 
form of a more general model, through which designs can be systematically 
evaluated. The second wave of HCI research then takes the ‘whole human’ 
into account and further highlights groups of people working with a collection 
of applications. According to Bødker, the theory in this second wave focuses 
on “work settings and interaction within well-established communities of 
practice. [Further] situated action, distributed cognition, and activity theory 
were important sources of theoretical reflection, and concepts like context 
came into focus in the analysis and design of human-computer interaction” 
(2015, p. 24). A research goal here is to attend to all things at the margins of 
technological development and recognise their importance to current 
problems that are difficult to solve or at times ‘wicked’ (Buchanan, 1992; Rittel 
and Webber, 1973). Furthermore, second wave researchers pay a lot of 
attention to cooperation, learning, and participation – in particular in 
connection with work technologies. Bødker argues that research areas such as 
CSCW and Participatory design developed largely as a second-wave response 
to these challenges (2015, p. 26). Subsequently, the third wave in HCI opens 
up areas for research that fit within neither the first nor the second wave, and 
that break with their disciplinary canon of ‘efficiency’ by embracing 
experience and meaning-making instead (Bødker, 2015). Here, the central 
metaphor is that interaction is phenomenologically situated: where 
interactions are (1) focused on meaning and meaning creation, (2) based on 
human experience, and (3) therefore represented through multiple and 
relational perspectives (Harrison et al., 2007, p. 6). The scholars hence define 
the wave (or paradigm) as follows: 

“The third paradigm treats interaction not as analogous to information pro-
cessing and transmission but as a form of meaning making in which the artifact 
and its context are mutually defining and subject to multiple interpretations.” 
 
Bødker further describes how both the use contexts and application types 

were broadened and increasingly intermixed, so “technology spread from the 
workplace to our homes and [our] everyday lives and culture” (2015, p. 26). 
The work presented in this thesis theoretically draws upon this third wave’s 
paradigm, by studying human-technology relationships in the makerspace. 
Here, the particular area of HCI that I contribute to is making use of the maker 
discourse as a context, but going into depth with some of the experiences and 
interactions that makers bring to the fore in their individual practice, as well 
as when engaging in collaborative maker activities. My observations therefore 
offer a starting point for reflecting on the role of materials and machines in 
HCI and interaction design by emphasising maker culture.  
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3.2 Pragmatism and Experience 
In order to understand the type of experience I am referring to in this 

thesis, there is need to provide theoretical grounding. Dewey’s account of 
experience, which he wrote back in 1934, describes the extension of the notion 
of artful activity and experience to any experience in life, not just those 
traditionally associated with art. Here, the aesthetics attributed to art are not 
the physical manifestation that is often classified as an object of art, but rather 
the interaction between the object, maker, and perceiver that results in a work 
of art and lays the foundation for an experience, which resonates with my 
work. Dewey (1934, p. 309) writes:  

“In art as an experience– actuality and possibility or ideality, the new and the 
old, objective material and personal response, the individual and the universal, 
surface and depth, sense and meaning, are integrated in an experience which 
they are transfigured from the significance that belongs to them when isolated 
in reflection.”  
 

 This excerpt shows the faceted understanding Dewey maps in his 
experimental interpretation of experience. For him, experience includes both 
the experienced and the experiencing. Hence it is pictured as an affair of 
exchange, mutual adaptation and fluidity between a living organism and its 
physical and social environment, also described as a matter of “simultaneous 
doings and sufferings” (Dewey, 1917, p. 5). Hence, interaction – between a 
living organism and its environment – is at the very forefront of Dewey’s 
pragmatic theory of experience. Alvesson and Sköldberg define pragmatism 
as “anti-theoretical philosophy, which implies sticking as closely as possible to 
practical, empirical reality” (2019, p. 55). Hence social utility is framed as an 
outcome of research. Pragmatists such as Dewey, Peirce, James and Mead 
worked at a time when foundational questions about science and knowledge 
as well as the relationship between scientific representation and 
representation in the world were discussed in response to drastic social, 
political and intellectual developments. While each of these philosophers 
developed a distinctive response, “their endeavours under these conditions 
was geared to inquiring after the possibilities of science and of democracy and 
to finding meaningful life for the individual” (McCarthy and Wright, 2004, p. 
53; referring to Joas, 1993). Hence, Dewey on his side constructed a 
philosophy that was concerned with creating a democratic culture, rooted in 
social and political concerns (Stuhr, 1998). Accordingly, McCarthy and 
Wright (2004, p. 54) conclude:  

“In contrast with other philosophical approaches whose starting point is a the-
ory of knowledge or subjective states, pragmatism starts with experience and, 
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by committing to a holistic, relational worldview, tries to ensure that experience 
is never reduced to categories such as knowledge, behaviour or feelings.” 
 
Experience therefore involves the active self, who not only engages in but 

also shapes action. In relation to the topic explored in this thesis, experience 
can thus be “constituted by the relationship between self and object – by 
concerned, feeling people acting and the materials and tools they use” (ibid, 
p. 54). Here the ‘concerned’ – such as a maker – is already engaged and comes 
to every situation with competences, personal histories and agendas. 

3.2.1 Technology as Experience  
 Dewey’s pragmatism philosophy on aesthetics in experiences has influ-

enced studies and agendas in third wave HCI research (see e.g. McCarthy and 
Wright, 2004). Early notions of experience, as I explain here, were picked up 
initially by HCI scholars such as (e.g. Blythe and Hassenzahl, 2004; Dourish, 
2001; Höök, 2004; McCarthy and Wright, 2004; Sengers et al., 2004b among 
others). In this context, I am particularly inspired by how Sengers and col-
leagues explain how the design and building of new artifacts and devices ac-
tually moves beyond that of only understanding hardware and software, by 
requiring that interaction designers analyse and incorporate the stories, 
meanings and social networks that these new technologies engage in (Sengers 
et al., 2004b). The turn towards experience hence elevated the role of the user: 
“Rather than experience as something to be poured into passive users, we ar-
gue that users actively and individually construct meaningful human experi-
ences around technology” (Sengers et al., 2004a). Furthermore, McCarthy and 
Wright (2004, p. 184) regard the most important aspect of experience to be 
when it makes visible the potential for surprise, imagination and creativity. 
Thus, they illustrate the immanence in the openness of each moment of expe-
rience, which therefore heightens sensibilities to the aesthetic and the emo-
tional. McCarthy and Wright are in their work conceptualising how to “make 
sense of experience” in relation to technology, a process that is always self-
referential and involves us in changing our ways of becoming. This involves, 
according to them, a “creative, dialogical process that constructs self, other, 
and the voicing, living traditions in and through which self-other relations 
occur” (ibid, p. 113). The scholars hence point out that the relationship be-
tween experience and technology and the sense we make of it is complex, as it 
constructs from both the past and future that which becomes present in par-
ticular dialogical moments. They introduce four threads of experience, 
namely sensual, emotional, compositional, and spatio-temporal (see ibid, p. 
79 ff.), which help us think more clearly about technology as experience.  
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In contrast to earlier research in HCI, this way of talking about the expe-
rience of technology refers to something much larger than usability or user 
needs, something that user-centred approaches previously focused on. Here 
the understanding of experience cares about the experience itself – its reflec-
tion on memories of lived experiences and, more importantly for my work, 
about the general creation of meaning instead (Hassenzahl, 2010). This turn 
towards experience-centred design therefore describes a research orientation 
that has been gaining traction in the past two decades and has been influential 
by opening the way for new perspectives in HCI, design research and practice 
(e.g. Benford et al., 2009; Buxton, 2007; Giaccardi and Karana, 2015; Good-
man et al., 2011; Hassenzahl, 2010; Höök, 2018; Karana, 2015; Mekler and 
Hornbaek, 2019, 2019; Wiberg et al., 2013; Wright et al., 2005; Wright and 
McCarthy, 2008). 

3.2.2 Narratives and Interpretation of Experience 
In McCarthy and Wright’s conceptualisation, they propose that we can 

frame and structure life events in terms of coherent narratives in order to 
make sense of the world (2004). Thus, the narrative of experience does not 
necessarily mirror what has occurred, but consists of selective and subjective 
interpretations constructed for various purposes. Bruner states that “thinking 
about and talking about experience changes it,” here highlighting a linguistic 
layer (1986, p. 118) where transformation is taking place. In another example, 
Orr, who conducted a thorough ethnography of how service technicians work, 
saw the sense-making endeavours they displayed, and the “war stories” they 
told and were famous for within the cooperation, as a culture in its own right. 
Furthermore, he saw the embodied practices of technicians as “necessarily im-
provised and centred on the creation and maintenance of control and under-
standing” (1996, p. 161). Orr therefore characterised the service technicians’ 
practice as a form of continuous and highly skilled improvisation. As Sengers 
and Gaver (2006) recall, “People appropriate and reinterpret systems to pro-
duce their own uses and meanings, and these are frequently incompatible with 
design expectations and inconsistent within and across groups.” Understand-
ing the stories that people tell can also accordingly be seen as culturally con-
structed expressions. Thus, Sengers and Gaver suggest multiple, co-existing 
interpretations as a potential driving force for HCI, thereby explicitly recog-
nising the legitimacy of multiple interpretations, which has fundamental im-
plications for both the process of design and its accountability during evalua-
tion. While interpretation has always been a key issue in HCI, it has not always 
been foregrounded as such. In my work for this thesis, I and my co-authors 
found that the kind of interpretations we can expect makers to have of certain 
artifacts is affected both by their different skills and experiences, but of course 
also by the characteristics of the artifact, in terms of, for example, affordances, 
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material qualities and constraints – as earlier pointed out by Tholander et al. 
(2012). In Grint and Woolgar’s study of the design and use of interactive tech-
nology (1997), the scholars proposed the metaphor of technology as text. The 
idea follows that technologies are written by designers and read by users. One 
central aspect that this metaphor offers is the view of interaction with tech-
nology as essentially interpretative. Work by Akrich and Latour (1992) and 
Suchman (2007) also related notions of design and interaction to processes of 
scripting and de-scripting – used to emphasise how certain forms of use can-
not be pre-formulated into artifacts, but always go through processes of sub-
jective description on behalf of the user. Such interpretative perspectives on 
interaction have strongly influenced HCI research, for instance, by introduc-
ing notions like open-endedness in design (Sengers and Gaver, 2006), and am-
biguity (Gaver et al., 2003). In the studies conducted for this thesis, several 
separate activities were often linked through the participants’ interpretations 
of a complex mangle of things, materials, technologies, people, and situations, 
forming a coherent narrative. Concluding, I argue that experiences in engage-
ment with technology emerge out of the interplay of a complex set of factors, 
involving the participants and their earlier experiences, and certain qualities 
of the artifacts and materials. Furthermore, it becomes interesting how these 
separate activities are situated in a larger context, which helps me to position 
some of the work conducted in the makerspace.  

3.3 Situated and Embodied Interaction 
Within HCI, Dourish (2001) presented a perspective of interaction design 

that was based on phenomenology. Influenced by the German philosophical 
movement that had its roots in the beginning of the 20th century, 
phenomenology signalled a turn to “the concrete and sensuous everyday” 
(Alvesson and Sköldberg, 2019). Thus, ‘lived’ experience and experience itself 
became a point of departure, a theoretical approach with which research in 
HCI and interaction design could find common reference points. In his work, 
Dourish emphasised embodiment, which he described as the way “in which 
we encounter physical and social reality in the everyday world” (2001, p. 100). 
Embodied interaction can thus be seen as the “interaction with computer 
systems that occupy our world, a world of physical and social reality, and that 
exploits this fact in how they interact with us” (ibid, p. 3). Hence, introducing 
embodied interaction presented a fundamental shift in the way HCI research 
could understand the nature of interaction. Here as a theme, it could relate 
and unite tangible interaction with both ethnographic and ethno-
methodological approaches. In other work, Klemmer and colleagues (2006) 
carried the argument further by highlighting five central implications with an 
embodied stance for interfaces.  
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Harrison (2007, p. 9) and colleagues describe both Dourish’s proposition 
and Klemmer et al.’s implications as radical, and reflect:  

“From these points of view, embodied interaction is not only a shared intellec-
tual commitment, but also a cross-cutting perspective at the heart of other com-
mitments in the third paradigm. Not only do they put physical embodiment – 
i.e. having a body – into a central, defining role, but they argue for the centrality 
of a linked viewpoint, in which all action, interaction, and knowledge is seen as 
embodied in situated human actors. At base, this rejects a simple view of the 
mind as an information processor, putting a non-information processing view-
point in the centre of understanding.”  
 
Furthermore, the embodied perspective in itself is a shift towards 

recognising a plurality of (individual) bodily perspectives that appreciate the 
value of accommodating those differences rather than trying to reduce them 
to one single perspective. This stance is also visible in recent literature on the 
body, somaesthetics and soma design in HCI (e.g. Campo Woytuk et al., 2020; 
Homewood et al., 2021; Höök, 2018; Höök et al., 2019; Juul Søndergaard et al., 
2020; Ståhl et al., 2022; Tennent et al., 2021) and the value put on auto-
ethnographic studies of embodied experiences (e.g. Ball, 2018; D’Arcey et al., 
2019; Helms, 2019; Lee and Saakes, 2021). According to Harrison et al. (2007), 
perspectives on embodied interaction are neither a different topic from 
standard HCI methods, nor a different understanding of what is salient about 
interaction: “Rather, this perspective is grounded in substantially altered 
epistemological commitments to the first- and second-paradigm HCI,” that 
led to the third paradigm. In work that connects the notion of material with 
this context, Giaccardi and Karana conceptually see material as 
“embodiments through which properties can be experienced and performed”, 
be it in physical, temporal form or state of matter (2015). In my work, I see 
that there is value in highlighting the embodied practices that makers bring to 
the fore, here pointing towards embodied sense-making when interpreting 
machinery processes or developing a feel for a material, which became 
interesting to explore.  

3.3.1 Situated Practice 
In my work I call the practices that I have observed both embodied and 

situated. But what does ‘situated’ stand for? In the literature there are at least 
three widespread definitions of the term ‘situated’, as Béguin and Clot (2004) 
have identified: the interactionist, the ecological, and the cultural. The first 
definition focuses on the origin of action in the relationship between the 
action and the material and social circumstances of that action. The second 
definition stems from ecological psychology (Gibson, 1979). In this definition, 
the situation is that part of the organisation of action that is taken care of by 
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the environment, whether designed or pre-existing. This often leads to 
questions about how we arrange the world. Hutchins (1995) builds on the 
third definition, which emphasises the connection between both cognitive and 
cultural artifacts, and also describes individual acts in the situation in which 
they are operating. All of these definitions seek to explain or account for the 
relationship between system elements and activities. While these types of 
abstract knowledge are certainly useful, they do not directly drive or explain 
our activity in the world. 

 
In order to have a better understanding of what people are actually doing, 

I find that there is need to follow the situated contingencies and strategies 
people use to apply knowledge in real situations. Here, I draw again on 
Dourish (2001), who sees the ‘situated’ perspective rather grounded in the 
relationship between social action and the settings in which it unfolds. This 
‘situatedness’ hence finds, for example, a design process in a world which is 
already populated with people, artifacts, and practices, each with their own 
histories, identities, goals, and plans. Similarly, Suchman (2007, p. 118) argues 
that situated actions account for the “full range of resources that the actor has 
available to convey the significance of his or her own actions, and interpret 
the actions of others”. In other notable work, Schön describes a complex 
interplay of modalities in ongoing and situated practice, proposing that, 
“When someone reflects-in-action, he becomes a researcher in the practice 
context” (1983, p. 68). Hence, such perspectives give access to subjective 
interpretation and practical experience. Topically, Schön discusses knowledge 
production in relation to professional practice, which tries to find ways to 
bridge ‘knowing’ and ‘doing’ – a particularly interesting angle for my work 
(see Schön, 1983; Frayling, 2011). Practice thus becomes the combined whole 
of what practitioners do, what they experience and the context in which they 
do it (Green, 2009). Given the social nature of practices, they are often 
structured around ‘communities of practice’ (Wenger, 2008) that are oriented 
towards common stakes.  

3.3.2 Knowledge and Skills 
Both knowledge and skills play an important role in the activities that I 

studied and the practices that I observed in the makerspace. This includes the 
skills and abilities makers develop while engaging in making, as well as 
knowledge grounded in previous experience and different ways of sharing and 
disseminating knowledge on site. Knowledge, more generally, can be explicit, 
which means described with words and pictures in a book, or tacit, such as 
when a professional craftsman builds their work on earlier experiences, which 
becomes relevant in the context of my studies (Schön, 1983). Explicit 
knowledge can be shared in a straightforward way through academic 
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discourse. How and to what degree this can be done with tacit or implicit 
knowledge is, however, part of the ongoing discussion in interaction design. 
Tacit means that it is carried and transmitted through actions and ways of 
doing rather than communicated verbally. In a focused study on practices at 
the Maker Faire, Meissner et al. (2019) see emerging and aggregated structures 
as dynamic and under constant negotiation. Accordingly, in their view, “some 
(more or less) tacit tensions can arise: hi-tech versus crafts, entrepreneurs 
versus hobbyists, technological innovation versus the passion of making 
something with one’s hands, expert makers versus non-experts who just have 
a general interest in making” (ibid, p. 10). Hence, these scholars show how 
rich the pluralism of different experiences is and embrace this to analyse the 
complex dynamics of maker culture. In contrast, craft “is often either 
practised by experts in a professional setting or a hobby for amateurs in their 
leisure time. Moreover, craft is performed in a specialised setting and 
frequently among individuals of comparable skill” (Jacobs and Zoran, 2015, 
p. 627). Related to this, Sennett (2008, p. 10) highlights the development of 
skill as being something always in progress and non-linear. Here, he makes 
two contentious arguments:  

“First that all skills, even the most abstract, begin as bodily practices; second 
that technical understanding develops through the powers of imagination. The 
first argument focuses on knowledge gained in the hand through touch and 
movement. The argument about imagination begins by exploring language that 
attempts to direct and guide bodily skill.”  
 
In the context of the makerspace, the development of abilities, for example, 

involves activities such as sharing and communicating designs, blueprints, 
machine handling instructions, how-to-videos, and the like. Wang and Noe 
(2010) explain that “knowledge sharing refers to the provision of task 
information and know-how to help others and to collaborate with others to 
solve problems, develop new ideas, or implement policies or procedures,” 
which draws attention to documentation as a key element within the maker 
movement. In connection with 3D printing, more recent literature turns 
towards platforms such as Thingiverse to study the practices of knowledge-
sharing cultures, such as (e.g. Alcock et al., 2016; Hofmann et al., 2018; Torrey 
et al., 2007; Wilhelm, 2013). Within the work carried out for this thesis, I saw 
how documentation and available instructions may not in practice overcome 
challenges presented by the material, the machine or the design process. What 
becomes an interesting point to discuss is what kind of skills and abilities 
makers show as part of their practice and how these in return shape both 
individual and social experience in the makerspace.  
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3.4 Concluding Remarks 
In this chapter I have highlighted the most important concepts and 

approaches that are relevant to anchoring my work theoretically. Starting with 
a quick overview of how my work fits into the HCI context and what it picks 
up on (as a continuation of third wave discourses), I then discuss the two key 
concepts, which are experience on the one hand and embodied, situated 
practice on the other. As these in return draw on philosophical movements, 
namely pragmatism and phenomenology, these movements are briefly 
described. What, hopefully, becomes evident is that both experience and 
notions around embodied interaction and situated practice are theoretically 
influential to a wide array of studies in HCI, as well as key to discussions in 
this thesis. Here, situated practice provides a base for focusing on the social 
action, and the setting within it unfolds, while embodiment pinpoints the 
ways of encountering the technologies (such as become visible in embodied 
sense-making, developing a feel for a material or interpreting machinery 
processes on site). By foregrounding experiential dimensions of maker 
activities, I thus take a step away from reasoning about specific purposes or 
outcomes.  

 
Furthermore, this chapter highlights the notions of narratives, knowledge 

and skills – all of them playing important roles in my studies. Here, my work 
shows, for example, how maker activities provide opportunities for co-
creating narrative experience. By drawing on work by Velt and colleagues 
(2020), I also observe how practice can be described as patterns of knowing 
and doing based on shared understanding, which becomes particularly 
appropriate to the context of the makerspace. The theoretical underpinnings 
presented in this chapter helped me to understand the things that makers do, 
the stories they tell and the knowledge they share. In the following chapter I 
will present the studies in more detail and focus on the methods and my 
research approach. 
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4 Methodological Approach 

This chapter presents my methods and the overarching methodological 
approach of the thesis, to show how the chosen topic and the research 
questions were investigated. My work can overall be ascribed to qualitative 
HCI research, where I studied the topic exploratively with an inductive 
approach. Using ethnography as a point of entry, I also used participant 
observation, contextual inquiry and various design methods during data 
collection. Further, I mainly used thematic analysis and on occasion followed 
a grounded theory approach. In the following sections, I offer a brief overview 
of the methods that were chosen for this work and present my conducted 
research studies in detail. Finally, this chapter closes with a section on ethical 
considerations that reflects on studying maker activities from an insider-
outsider perspective. 

4.1 Research Approach and Methods 
The empirical foundation of this thesis is data gathered for distinctive 

studies while following maker activities over the course of seven years (2015-
2021). The main site – a community-led makerspace in Stockholm, Sweden – 
became my main focus, and originally served as a site to familiarise myself 
with the community. Additional sites that I refer to in my papers come from 
an industry context, thus located in Paolo Alto, USA – here collected by one 
of my co-authors – which we used for comparative work. Furthermore, in a 
different collaboration, with colleagues from Stockholm University and a 
municipality makerspace, I explored making from an educational perspective 
in the greater Stockholm area. While narratives around maker activities with 
a focus on makers’ material and machine interactions have emerged as the 
main subject of this thesis, my PhD journey thus included several parallel 
paths.  

 
In retrospect, the work at the main site was transformed into a longitudinal 

involvement. Most of my conducted studies took place or originated from 
there. Initially, I used ethnography as an entry point, which – according to 
Fetterman – is broadly defined as “the art and science of describing a group 
or culture” (1989, p. 11). Conducting ethnography therefore typically includes 
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fieldwork carried out in natural settings to study the large picture of a group 
of people, organisations or movements, to provide a more complete 
contextualisation of the activity (Alvesson and Sköldberg, 2019). According 
to Brewer (2000, p. 10), there is an emphasis on “the study of people in 
naturally occurring settings or ‘fields’ by means of methods which capture 
their social meanings and ordinary activities, involving the researcher’s 
participating in the setting”. Here, my initial methods included writing field 
notes, capturing ongoing activities in photographs and engaging actively with 
everything ongoing. Carried out correctly, ethnographic methods can result 
in an analytic reportage and thick descriptions from site. In my work, I ended 
up with rather thin descriptions and fragments of things that were ongoing, 
instead. Soon, I realised that my strength was in the involvement, the 
experiencing of the site and the community, through participation. The 
majority of my ethnographic research approach in this thesis can therefore be 
framed as participant observation, which is a technique that allows for rich 
understanding through personal experience by maximising learnings from a 
field, including the affective issues of surrounding field activities (Dewalt and 
Dewalt, 2011; Millen, 2000). Participant observation includes different levels 
of engagement, ranging from interviews and following collective discussion 
(both online and offline), over more traditional observation, towards active 
participation and knowledge that is produced within the observed group and 
activity (Ingold, 2014). Hence, the method of active participation allowed me, 
as a researcher, to become involved in depth. Participation included active 
facilitation of workshops and events in collaboration with other makers, 
serving several years as a board member to gain insights from within and 
sitting in the election committee for the makerspace as well as in the national 
maker organisation. In practice, my efforts on site resulted in a mixture of 
fieldwork methods such as participant observation, conversations and 
“hanging around” at sites of interest. But I also carried out more focused semi-
structured interviews, as well as filming video data of ongoing practice and 
observing discussions in the various online platforms the community 
maintains. 

 
Furthermore, in some of my studies I made use of contextual inquiry, 

which can be described as a synthesis of ethnographic, field research and 
participatory methods that provides designers with detailed knowledge of user 
work, which establishes a basis for design (Wixon et al., 1996). The designerly 
modes that influenced the contextual inquiry include material, experiential, 
and narrative perspectives around making – to find, interrogate, challenge, as 
well as amplify the at-times-implicit ethnographic sensibilities from the 
studies in the makerspace. These types of inquiries in my case served as more 
designerly inspired lenses, such as interventions (collecting failed artifacts), 
material explorations and hands-on making (3D printing practice, digitally 
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enhanced knitting, woodwork, electronic circuits with conductive thread, 
metal grinding, laser cutting etc.), narrative interpretation (of maker practice, 
practitioner conversations, telling (his)stories of practice and ‘war stories’) 
and design workshops (on 3D printing practice, in the context of an 
educational setting of the municipality makerspace, hacking the community 
workshops). Here, my studies captured situated practice and focused on 
fragments that were representative of many of the things that were ongoing 
there. Notably, the empirical work that I conducted within the locale was 
affected culturally; thus, I found that participants on site were predominantly 
young, white, male adults10, which was then mirrored in the studies. 
Meanwhile, I have stayed close to the things that were ongoing, despite a built-
in bias11, and analysed makers’ interactions. 

4.1.1 Analysis and Arriving at Concepts  
The process of analysing data obviously depended on the paper and study 

approach of each case, but was mainly driven by an inductive qualitative 
approach. By drawing on rich data from observations in the makerspace and 
combining these with methods such as semi-structured interviews with 
makers, video and audio recordings of ongoing practice and design 
workshops, as well as taking pictures, using sketching, portfolio techniques 
and visualisations, the analysis required reflexive ways of making sense of the 
data. Most of the work was collected orally, so first needed detailed 
transcribing as well as systematic, yet flexible approaches to analysing the 
qualitative data in order to make meaning of the data itself. Here, coding and 
memo writing were occasionally part of the process. Charmaz (2014) explains 
that an inductive approach to data invokes iterative strategies of going back 
and forth between data and analysis, which keeps the researcher interacting 
and involved with the emerging analysis at hand, which was similar in most 
of the studies conducted. Moreover, we relied on thematic analysis, which 

                                                             
10 Here ‘male’ refers to how the makers in our studies identified themselves; moreover, young 
adults or ‘early adulthood’ refers to adults that are approximately in the 20s and 30s age range. 
The definition even ranges from age 17 to 45 – which fits in our context. (See: Levinson, Daniel 
J. (1986). “A conception of adult development”. American Psychologist. 41 (1): 3–13.) 
 
11 While acknowledging that my work involves a particular and quite homogeneous group, 
study visits to similar places in national and international contexts in the global north proved a 
similar distribution in terms of unequal participation (with a repeating tendency for approxi-
mately 80% to identify as male; 20% female; >0 non-binary), which raises questions of inclu-
siveness.) Furthermore, technology-driven practices and masculine-coded workshop aesthetics 
at visited sites prevailed. However, who are actually included and excluded from maker culture 
and whose experiences are captured and whose are less accounted for are valid questions not 
taken up in this thesis, but that have been further problematised elsewhere (e.g. Buchholz et al., 
2014; Fox et al., 2015; Green and Kirk, 2018; Okerlund et al., 2021; Rosner et al., 2018). 
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emphasises the interpretation of patterns of meaning within our collected 
data. Overall, I and my co-authors often probed various different angles 
before arriving at a promising contribution. Work for this thesis resulted in 
several theoretical concepts and themes that are presented in the papers. We 
occasionally mention how the sociological concept of grounding supported 
the work. This is an approach that builds upon an understanding that existing 
practices will form hypotheses and theories from the ground up as they 
emerge from the data (Glaser and Strauss 1967). Hence, these have historically 
been influential in the study of what people actually do and express. Grounded 
theory has similarities with phenomenology, as it also focuses on the subjects’ 
perspective and can support the “study of experience from the standpoint of 
those who live it” (Charmaz, 2014, p. 522). In the case of the papers that form 
the contributions for this thesis, we do deal with theories of the phenomenon 
itself, or patterns that reveal deep structures – rather, the concepts and themes 
highlight certain nuances that material and machine interactions bring to the 
fore when studied up close. Together with inductive analysis techniques, I 
primarily used detailed readings of collected raw data from the study site, as 
well as collaborative and iterative reviews of the data – together, as well as at 
times co-axially, with co-authors – to derive and construct concepts and 
themes through collaborative interpretation. Thematic analysis, on the other 
hand, is an umbrella term used for different approaches aimed at identifying 
patterns, or so-called ‘themes’ across qualitative datasets. While its origin is 
accredited to different fields, Braun and colleagues (2018) argue that thematic 
analysis has grown due to a general explosion of interest in qualitative data in 
health and social sciences research. Here, themes are “reflecting a pattern of 
shared meaning, organised around a core concept or idea, [as well as] a central 
organising concept” (Braun et al., 2018, p. 3). Furthermore, these themes can 
unite data that might appear disparate or occur in varied contexts. In practice, 
this therefore explains large portions of a collected dataset that captures the 
essence or implicit ideas located “beneath the surface of data”, but according 
to De Santis and Ugarriza (2000) can also refer to more explicit and concrete 
meaning built from smaller units, called codes. In the following sections, I 
describe some of the data collection and methods of analysis in further detail, 
as they varied in scope and setting.  

4.2 Study Descriptions  
My main focus has been to study some of the ongoing maker activities in a 
makerspace. These are practices around material and machine interactions 
that include activities of taking things apart and making sense of materials 
(Paper I) and modding and looking after the laser cutter (Paper V) in the con-
text of a community-led makerspace. Then, work in Papers II and III unpacks 
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different dimensions of 3D printing. Furthermore, Paper IV explores the ways 
in which a maker mindset can be adapted for preschool education. Table 3 
provides an overview of how the studies and papers relate to each other. In the 
following sections I describe the four studies that stand at the core of the re-
sulting papers that together are the focus of this thesis. These are (1) maker 
activities and experience, (2) 3D printing practice, (3) making in an educa-
tional context, and finally (4) maker projects and machine interaction. 
 
Table 3: On how the studies and papers relate to another, in relation to the study site. 

Community-led	
Makerspace	

 
Paper I 

Paper II 
Paper III  Paper V 

Educational	
Makerspace	   Paper IV  

Industry		
Design	Lab	  Paper II   

 
Site 
                
                Study 

Study	I:	
Maker		

Activities	

Study	2:		
3D	Printing	
Practice	

Study	3:		
Educational	
Context	

Study	4:		
Machine		
Interaction	

4.2.1 STUDY I: Maker Activities and Experience 
The first study started at the end of 2015 and lasted for six months. Inspired 

by an ethnographic approach, I started to contact and meet up with makers, 
both online and in person, and became a member of a makerspace. At the 
outset, the goal of this longer-term approach was to take part in maker 
activities, be present at the space as often as possible and capture ongoing ways 
of practice. These engagements were open-ended and curiosity driven, as they 
were informed and took shape according to things happening in the 
makerspace. During this period of fieldwork, I visited the space between one 
and three times a week. I followed multiple makers, whose projects varied very 
much in theme, complexity and duration (see Fig.1). Some projects were left 
unfinished, some neglected and then picked up again, while others were 
explored over longer durations. These first projects were captured through 
pictures and field notes, and with the help of an observation template that I 
created beforehand. The template helped me to focus on certain projects that 
were happening in the space, by noting down details about them: 
environment, actor/s, activities, object, process, experiences, 
aim/goal/purpose and emotions. At first this helped me to create some 
organisation during the observations.  
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Figure 1: Overview of ongoing maker activities during first ethnographic involvement. 

However, as soon as different things happened simultaneously, the 
template showed limitations and was only used for initial observations. 
Instead, I continued to follow things that were exciting or captured my 
attention. In the case around the discarded box (Paper I), I started to follow 
the maker activity amidst its inquiry process. Capturing the ongoing activity 
was by coincidence and not planned beforehand. The project itself had started 
long before I got involved, but then developed further while I was following 
it. Most of the time was spent collecting data, to thicken the case and capture 
the experiences emerging around it. For this I took pictures (see examples in 
Figure 2), wrote field notes and conducted semi-structured interviews with 
the two makers involved who provided the key data for the paper. In these 
semi-structured interviews, I focused on the makers’ recollections of the 
activities, in order to fill gaps in the story. The activities captured in this case 
stretched over several months, and the associated narrative had a timeframe 
that even ranged over several years. Overall, my role as researcher was one of  
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Figure 2: Details of the ‘blue box’ and retelling the narrative of finding the original 

maker in the shared kitchen, above the makerspace. 

an observer, deliberately taking a step back by capturing ongoing activities 
and practice. The resulting concept of ‘material literacy’ and articulations 
around material qualities emerged from thematic analysis and explorative 
attempts at working through the data in consecutive analysis workshops 
among us co-authors. Here the narrative structure that is visible in Paper I was 
a deliberate choice that evolved as a result of analysis.  

4.2.2 STUDY II: 3D Printing Practice 
For this second study, I turned my focus on some of the machines in the 

makerspace. While further conducting participant observations over the 
duration of nine months, one place I observed in particular was the 3D 
printing room. Here, I observed what makers design and print, and we 
collected data on their printing process and documented some of the 
problems they encountered. In a smaller pilot study, I then explored different 
angles on 3D printing: (1) observing makers’ print practice (2) learning to 3D 
print by myself and (3) carrying out design explorations. The first part was 
driven by ethnographic observation, with 30+ hours spent in the print room 
of the study’s site collecting material on who was present, what was printed, 
how the design process took place and what kinds of issues were raised around 
the context of 3D printing (see some outcomes in Figure 3). This resulted in 
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data that gave a first understanding of what is printed in the makerspace. Then 
an auto-ethnographic approach was used, in order to learn and try to get 
comfortable with the printing process myself. Here, I used a logbook method, 
as well as capturing progress in pictures. I then explored the different 
materials available, and conducted experiments on 3D print shapes, quality, 
structure, geometry and optimised use of material.  

 

   
Figure 3: 3D printing individual explorations. 

Some particularly interesting elements of 3D printing practice were the 
amount of wasted material, filament rests and failed artifacts that the makers 
in the makerspaces accumulated, which motivated us to install a box in the 
makerspace’s printing room for the duration of six months, to collect the 
discarded printed results. The makers were asked to voluntarily dispose of 
their failed prints in this box instead of throwing them away. When collecting 
the box, the assortment consisted of an array of plastic objects and filament 
rests (printed in PLA, ABS and nylon). These were all printed on the four 
then-available desktop 3D printers, with additive FDM technology. In a 
subsequent workshop, I and one of my co-authors enrolled nine practitioners 
with varied maker, industry and university backgrounds to reflect on a 
selection of the collected printed artifacts. The ‘failed 3D prints’ served as 
tactile tokens to help discussion and reflection on all the things that can go 
wrong within printing processes. The workshop participants had varied 
experience and expertise in 3D printing. Their connection to it covered 
makerspace practice, hobbyist and artistic practice, prototyping and design 
work, and some practitioners used it as part of their professional work. We 
gathered data mainly through audio and video recordings that totalled 574 
minutes, and a total of 294 photos were taken (some examples are shown in 
Figure 4). The resulting data were then used in two different studies: first 
compared to similar practices observed within industry contexts (at an 
industry design lab). We (Dew and Landwehr Sydow) revisited each other’s 
data individually, and then created a joint catalogue of analysis that developed 
into a codebook with categories, main codes and sub codes clustered and 
further analysed using memos. 
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Figure 4: Details from the 3D printing workshop with practioners. 

To reach consensus, we conducted bi-weekly meetings over a period of six 
months. During analysis, we iteratively reviewed the empirical materials by 
using inductive analysis techniques and a grounded theory approach. The 
work resulted in several themes that were supported by multiple instances 
from both sites; as such, the episodes should be read as key examples from the 
workshops and interviews that shed light on the work of creating printability, 
rather than a comprehensive reporting of all findings and instances, which is 
outside the scope of a single paper. The resulting themes are also not mutually 
exclusive, overlapping in parts because they are part of an interrelated process. 
We acknowledge that by presenting the cross-cutting themes from both sites, 
we offer strongly grounded findings about 3D printing experiences on the one 
hand, while on the other potentially obscuring core differences in the work 
that takes place on each site. This work is presented in Paper II, which is part 
of this thesis (Dew et al., 2019). In a different approach, I coded the transcript, 
which resulted in nine separate stories around 10 discarded artifacts and led 
to conversations and collective sense-making around the artifacts and their 
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corresponding characteristics. I and my supervisors then approached the data 
from a new perspective, analysing it by looking for interdependencies between 
reflections on material, machine and design as well as for accounts related to 
the participants’ understanding, experience and ability that had become 
evident in the conversations. Here we drew attention to the fact that the 
participants did not remark upon their own failed prints but reflected on 
artifacts made and discarded by other makers. We argue that their 
interpretations shed light on both their own experience and their expertise in 
3D printing. This work resulted in Paper III (Landwehr Sydow et al., 2020). 
By analysing the way practitioners talked about failed 3D printed artifacts, this 
paper sheds light on the embodied and situated interaction involved in this 
practice, which is further described in the following chapter.  

4.2.3 STUDY III: Making in the Educational Context 
As a rather different study in both approach and direction, this study 

resulted from involvement with a different site from those discussed earlier. 
Together with researcher (Anna Åkerfeldt) from the field of didactics, I 
followed the innovative work of a municipality-driven makerspace over a 
period of more than three years between 2018 and 2021. Here, we researchers 
acted as ‘critical friends’ and academic research partners, contributing with 
reflection on the ongoing work. This type of partnership can be understood 
as a way of following a project or a process within an organisation, company 
or authority with continuous analysis and evaluation of what is happening. 
For the project, we followed educators who still needed to develop their 
understanding of the materials and machines available in makerspaces and 
needed practical knowledge in order to succeed as teachers with the help of 
“maker-inspired” pedagogy. As part of a more structured collaboration, we 
followed the training of a group of preschool teachers over the duration of 15 
months. During 2020, these teachers took part in 10 workshops to think about 
and develop their professional skills in relation to becoming maker 
pedagogues. Our findings, which we presented in Paper IV (Landwehr Sydow 
et al., 2021), are close readings of the experience and practice that the teachers 
shared in two workshops, which were the primary source for the paper. 
Furthermore, we analysed as secondary data blog posts where the maker 
pedagogues reflected on their ongoing practice. This selection featured 
notions that included personal reflections of the decisions and progress the 
pedagogues made (and provided visual insights, as seen in Figure 5). By 
combining primary and secondary data in this way, we gained insights into 
how maker pedagogues reflect in more closed settings, but also into how 
lessons were reflected upon when shared with the larger public. The 
overarching purpose of the two workshops was to discuss and reflect on their 
new role in relation to their profession and to verbalise and discuss the maker 
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activities they had started. To obtain secondary data, we then analysed selected 
blog posts that offered a broader illustration of the different projects that the 
maker pedagogues had engaged in and referred to during the discussions. By 
using annotating tools, we tagged and commented on both text and visual 
material that the maker pedagogues had shared. Analysis showed personal 
reflections on their roles and progress as maker pedagogues, which together 
provided a nuanced representation of the maker pedagogues’ process of 
becoming. While they shared examples from practice in the workshops that 
are often situated, and discussions arise in their conversations with each other, 
the blog posts presented more curated reflections on the individual process 
and progress over a longer period of time. As we were mainly interested in the 
process rather than their achievements, we argued that our study contributes 
towards that goal. 

 

   
Figure 5: Visual insight into some of the maker pedagogues working contexts. 

4.2.4 STUDY IV: Maker Projects and Machine Interaction 
As part of the longer ethnographic inquiry undertaken to generate insights 

about situated practice and material and machine interactions that surface in 
making, the site – the makerspace that was already in focus in Paper I – was 
now the subject of continuous ethnographic engagement, including 
participant observation, interviewing, and photography, as well as video and 
audio recording (as supplementary material). Regular fieldwork visits to the 
site began in 2015, but for Paper V we focused on two distinct fragments: a 
five-week contextual inquiry collecting maker projects in Oct/Nov 2019 and a 
follow-up interview session in August 2021. In this study, I performed 
participant observations by visiting the makerspace almost twice a week over 
the duration of one month in the autumn of 2019. A total of seven visits lasted 
between three and six and a half hours each, and captured maker projects on 
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a small handheld video camera. I added written field notes, as well as having 
informal conversations and taking photographs. A first categorisation was 
made by sorting the data files into different ‘maker projects’, which described 
the involvement of individual makers with a particular maker endeavour or 
activity. The compiled data resulted in a collection of 48 distinctive maker 
projects that took place or were reflected upon when visiting the makerspace 
(see Figure 6). Then I created pictorials for each project that gathered together 
all the collected aims, transcripts of video data and visualisations in one place 
to account for the broadness and diversity of maker projects. After 
transcribing the videos, I and my co-authors explored the analysis and 
structuring of the data from multiple angles. Over a period of several months, 
I then tried different entries to make sense of the dataset. When analysing the 
data collected, we noticed how the machines on site take a prominent role 
besides acting as tools; they turned out to be projects in themselves. 

 

 
 

  
 

Figure 6: Selection from the 48 maker projects that were captured at the makerspace. 

Modding hence emerged as a key practice, which became the key finding 
in Paper V. To explore this deeper, we found makers who mod: for this we 
analysed the communities’ slack channel on social media that specialised in 
ʻupgrading the laser cutterʼ and identified 15 individuals who had been 
involved with a majority of mods during the past six years. Of these we 
contacted and then interviewed five makers who are continuously heavily 
involved with the machine to this day. Interviews lasted between 30 minutes 
and one and a half hours, which totalled 302 minutes captured as audio 
recordings, and transcribed, added up to a total of 111 pages of text for 
analysis. We also took 89 pictures that captured the modded machine, which 
informed our findings (see some of these in Figure 7). Additionally, we made 
use of pictures that makers themselves had taken during various modding 
processes. Due to the pandemic situation, four interviews were held and 
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recorded through the video platform Zoom, and one interview was carried out 
face to face on site. We made use of pictures as supporting material in all four 
online interviews, while focusing on the machine itself when in the 
makerspace. During analysis, we first examined how interactions with the 
laser cutter occur, based on the video data and observations on site. We then 
coded the transcripts and analysed the data by looking at what makers are 
modding, in order to arrive at underlying themes of how modding can be 
characterised as practices of caring and sharing, as well as copying with risk. 
As the laser cutter is a machine or artifact in flux, we created a visualisation as 
an annotated portfolio that shows details of different modded parts in relation 
to where they are found in the machine.  

 

  
 

    

  
Figure 7: Studying the modding of the laser cutter at site and capturing use. 
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4.3 Ethical Considerations and Reflection 
Conducting research is profoundly social as an activity, which connects the 

researcher with humans (and the non-humans) they are studying, meaning 
those who might use the research as well as those who might benefit or even 
suffer as a result of it (Booth et al., 2008). Ethical considerations can therefore 
be a way to ensure and guide these connections as well as affecting the moral 
choices we face when acting as part of a research community. As academic 
scholars, we have traditions to uphold and rules to play by. These include 
straightforward ethical choices, such as not to plagiarise, not to claim credit 
for the results of others, to misreport sources or to invent or destroy data, for 
example. But when related to more complex issues, such as different treatment 
of ethical considerations across various disciplinary settings, and demands 
that call into question clear distinctions between participant and researchers, 
this results in a demand for more reflexive practice (Smyth and Williamson, 
2004). When respecting sources, preserving and acknowledging the data of 
others, and by being aware of the limits of your own certainty, Booth et al. 
claim that you as a researcher “join a community in a search for common 
good” (Booth et al., 2008, p. 276), where you discover that research focused 
on the best interest of others is also in your own best interest. What becomes 
clear is that “the wider ethical or moral responsibilities of researchers go 
beyond the ethical guidance given within a governance framework” (Smyth 
and Williamson, 2004) (p. 13). Instead, ethics also highlights issues that more 
broadly discuss safety, protection of personal data and the informants’ fair 
treatment, but which can even be expanded more generally to justice, 
autonomy and choice as well as possible conflicts of interests. 

 
Hence, while ethical guidelines provide a general framing for how ethical 

research ought to be conducted, some scholars such as Smyth and Williamson 
(2004) point out several key areas of additional concern, which highlight the 
relationship between the researcher and the participant. These include, for 
example, how participants are recruited, informed and enrolled or how they 
give consent for participation, in addition to the ethical principles that guide 
the researcher when designing a research project in the first place. Other 
concerns relate to the in(ability) of researchers – with potentially competing 
interests – to make an objective judgement of the best interests of their 
participants, as well as the role and responsibilities of the consenting 
participant, among others. In some of my studies, which made use of a 
workshop format (i.e. on 3D printing practice in 2017; in the municipality 
makerspace in 2019 and 2020), I made sure all participants had signed consent 
forms agreeing to allow me to use the collected data. Overall, I have also made 
efforts to respect anonymisation and ensure a careful treatment of the used 
data, both when collecting, analysing and writing about it. In my work, I have 
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continuously sought to be transparent about my role as a PhD researcher, 
which has mostly been met with interest and acceptance by the makers but 
was occasionally questioned. I was therefore always respectful when denied 
filming or photographing opportunities, as well as continuously explaining 
my role, the purpose of collection and my interest in the topic at hand. For a 
more structured study when filming maker projects during the winter of 2019, 
I gave prior information by posting on the communities’ active social media 
channels, where I informed readers about my planned study and its purpose 
and scope, as well as making clear that participation is, of course, voluntary. 
Additionally, during the study, I asked each participant for permission to 
video-record the occasion, which they could always decline if they wished to. 
Discussing the issues raised above was, moreover, handled twofold: firstly, by 
collaborating with other scholars who were not involved in the studies’ data 
collection (with a small exception regarding the workshop on 3D printing 
practice). These scholars were then largely unbiased throughout the process 
of analysis, and findings were reached through investigator triangulation. 
Secondly, the unique perspective that the in-depth involvement brought to the 
studies informed our research by building trustful relationships with makers 
throughout the community, which offered a deep and reflective 
understanding for the people involved in the community, their activities, 
aspirations and struggles around the study site – hence, I consider it to be a 
key strength of this research. 
 

My role on the main study site shifted and took on different forms, which 
is not without consequence: I acted at times as a member (hence maker), as 
an activist (as part of a separatist network), as a researcher on site (carrying 
out observations, documenting, carrying out interviews, conducting research 
design workshops), as a facilitator (for events and workshops). Sometimes I 
acted organiser of activities or took on active membership roles such as sitting 
at the makerspace board [1 year] as well as being a member of the election 
committee for three consecutive years [2018-2020]. Dwyer and Buckle point 
out that, “The issue of researchers’ membership in the group or area being 
studied is relevant to all approaches of qualitative method as the researcher 
plays such a direct and intimate role in both data collection and analysis.” 
Furthermore, they explain, “Whether the researcher is an insider, sharing the 
characteristic, role, or experience under study with the participants, or an 
outsider to the commonality shared by participants, the personhood of the 
researcher, including her or his membership status in relation to those 
participating in the research, is an essential and ever-present aspect of the 
investigation” (Dwyer and Buckle, 2009). While the level of involvement is 
high where the researcher genuinely becomes a member of the group, learning 
and embracing the group’s skills and customs for the sake of thorough 
understanding, there is a risk of “going native”. I acknowledge that this means 
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an increase of influence on the study’s objective and findings, which tends to 
reflect both this insider-outsider relation as well as influencing my 
interpretations, which if not accounted for can result in ethical dilemmas. As 
pointed out earlier, I have – at times – been deeply entangled with the object 
of study at my main site. This involvement both granted access and helped me 
to build up trust and to understand what such communities of practice 
(Wenger, 2008) entail. However, this close connection made it sometimes 
difficult to distance myself from discussions and problems appearing within 
the makerspace and its organisation, as one gets dragged into the discourse as 
an active participant, rather than as a passive observer. External circumstances 
(i.e. parental leave and later the pandemic) led to taking breaks in the data 
collection and the project work, helping to create a distance between my role 
as a researcher and as a former active participator. It helped me returning to 
the study site, or later to the desk, with new perspectives and a clearer lens to 
finish data collection and writing up in a more reflective way.  
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5 Research Contributions 

In this chapter, I report on the key results from the individual papers, and 
discuss the contributions of my work in more detail. Here, my two key themes 
involve makers and materials and makers and machines. I position the human 
– in my case the maker – centrally to focus on critical interactions and abilities 
that surfaced when studying different types of maker activities. For each of 
these two themes, I then present conceptualisations and articulations that 
form the key contributions of the papers that are included in this thesis.  

5.1 Makers and Materials  
As pointed out throughout this thesis, materials are key in maker activities. 

My studies show how makers engage with materials in various ways and how 
particular material interactions play out. While I point out how materials in 
the makerspace are digital, physical or hybrid – as it refers to some of the 
qualities they carry – my studies also show how makers treat the materials 
similarly by seeing their opportunities rather than limitations. Hence, maker 
activities as observed can involve traditional materials such as wood, metal, 
paper and cardboard as well as fibres and textiles, to synthetics and plastics. 
Moreover, making can include electronics, computational and digital 
materials (including hardware, software and code itself), as well as modules or 
systems, and even extend to organic matter (such as bacteria or DNA) or 
hybrid composites. I found that material is a key contributor in the activities 
that makers undertake. HCI researcher Jacobsson explains that the primary 
advantage of viewing something as material from a practitioner’s perspective 
is “that it becomes immediately available, its properties and qualities can be 
teased out and literally put at one’s fingertips ready to be crafted with” (2013, 
p. 19). Moreover, the hereby implied material knowledge that is required to 
engage with this plethora of materials represents both the fascination with and 
the challenge of interactions in the makerspace. Zoran (2013), a researcher 
who seeks a dialogue between digital practice and traditional craft by merging 
qualities in order to create a hybrid territory, reflects that, “hybrid, 
contemporary ‘making’ practice respects its double origins. While 
computational digital design enables an exploration of forms and structures 
free from traditional fabrication limitations, craft contributes an intimate 
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engagement between the maker, the material, and the product” (2013, p. 324). 
This points towards how making similarly draws from traditions upheld in 
craft practice, such as carpentry, textile craft or silver smiting (Dew and 
Rosner, 2018; Jones and Girouard, 2021; Tsaknaki et al., 2017), as well as skills 
necessary for digital and computational making – which meet in the shared 
context of the makerspace. Furthermore, as computing and technology is 
becoming more and more intertwined with the physical world, the trend 
towards combining digital and analogue materials in design is no longer an 
exception, but a direction in which interaction design is going in general 
(Wiberg, 2018). As previously pointed out, I contribute to this ongoing 
conversation on materiality in HCI by using the ‘material turn’ as a point of 
departure (Robles and Wiberg, 2010). I argue that there is need to further 
explore how materials shape ways of doing, and how practice is rooted in the 
experience of those materials. The contributions that are part of this thesis 
help us to further understand the interplay between subject, materials and 
experience – as studied in the makerspace. 

5.1.1  Material Literacy 
A concept that I offer along these lines is material literacy, which allows 

makers to ‘read’ and understand hybrid digital artifacts and their components 
while taking them apart. In our study, we thus explore how certain qualities 
of physical and computational materials affect that contribute to create an 
experience and how narratives are shaped through the acts of interpretation 
and readings of the materials. Here, we draw on the work of Grint and 
Woolgar, who propose the metaphor of ‘technology as text’, and the idea that 
the technologies are written by designers and consequently read by users. One 
central aspect that this metaphor provides is the view of interaction with 
technology as essentially interpretative. We further build on McCarthy and 
Wright’s (2004) conceptualisation, which explicitly ties the notion of 
experience to that of narrative and helps us in framing and structuring life 
events in terms of coherent narratives, in order to make sense of the world. In 
Paper I, we framed the makers’ engagement with technologies and the social 
processes around them primarily as an experientially oriented process with 
similarities to that of interpreting and reading texts. Interpreting technology 
is largely about being able to deal with the technology’s hybrid character, 
defined by a multitude of material qualities. By framing users’ interpretative 
activities in this way, we aim to place the rich flora of different objects, things, 
technologies and materials under scrutiny on an equal level. With material 
literacy, we highlight how such a process contributes to the formation of an 
overall experience, and point towards the relation between the interpretation 
of the objects and materials. The main points from these accounts are in 
regard to how the experiences are formed and the engaging and exciting story 
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that the makers create for themselves, relying on their abilities and strong 
motivations to deconstruct and interpret the qualities of the objects and 
materials that they encounter. Here we state, for example, that “a central 
ability [of the makers] is that of treating the physical and the digital as 
fundamentally intertwined” (Landwehr Sydow et al., 2017, p. 129). The 
contributing notion of material literacy therefore offers a means of bridging 
technology as text and technology as material. We thus position these findings 
of the makers’ skills and abilities within the broader discourse of what literacy 
– and in particular material literacy – in relation to hybrid digital objects and 
things can be about. Overall, this advances a way of thinking about literacy 
with technological artifacts (Berland, 2016; Long and Magerko, 2020; 
Pangrazio, 2016) and opens the way for new types of engagements, 
interpretations, and experiences, with consequences not only for maker 
activities, but also for the wider understanding of human-technology 
relationships.  

5.1.2 Material Qualities 
In several papers we articulate qualities and behaviours of materials that 

surface in maker activities. In this respect, a particular focus lies on the role of 
materials in the makerspace, and its relational dimension. As substantial 
interaction design research suggests, the kinds of interpretations we can 
expect users to make from certain artifacts are affected by both their skills and 
experience, but, of course, also by the characteristics of the artifact, in terms 
of, for example, affordances, material qualities and constraints (Tholander et 
al., 2012). There have been several attempts to conceptualise how the 
characteristics and behaviours of computational materials affect experience, 
in terms of, for example, use qualities (Arvola, 2010; Isbister and Höök, 2009; 
Löwgren, 2006), or experiential qualities (Jonsson et al., 2016; Löwgren, 2007a, 
2007b; Nimkulrat et al., 2020; Odom et al., 2014). We thereby contribute to 
this discussion on the interplay between experience and digital, 
computational and physical materials. In our work, we highlight the relation 
between the qualities of an artifact, its making, and the experience that 
participants have around these qualities. In Paper I we identified, for example, 
six central qualities of the artifact that is taken apart, and highlight its 
constituent materials that that we believe were particularly important for how 
the activity played out. These were opacity, authenticity, risk, age, uniqueness 
and hybridity. Our claim is not that these qualities can straightforwardly be 
translated into design; rather, we point to the importance of thoroughly 
considering how such qualities touch upon the personal and social driving 
forces behind people’s engagement in various activities. Moreover, this refers 
to the wide range of skills and interests that people have, and how those 
aspects may interplay in the design of new things and technologies. In Paper 
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II, we study, among other things, material understandings and 3D printing 
timelines. Thus, developing a sense of printability is key to keeping a print on 
track, and partly shaped by observing and interpreting material behaviour 
throughout the printing process. This includes its interactions with 
surrounding environments (e.g., temperature, moisture, and storage 
conditions), as well as reactions to the machine functions or malfunctions, like 
dripping or warping. Material behaviour in this context is an explicit 
description of how a material acts. In other words, machine behaviour and 
material qualities give rise to each other through the printing process, 
reshaping practitioners’ experience along the way Furthermore, in Paper V we 
find a creative opportunity of seeing a machine as material in itself – which 
we believe provides an interesting and useful (re)conceptualisation of what a 
machine – and subsequently what material – can be. I thus argue how a 
material lens opens up to unpack maker activities in terms of how materials 
are involved, how makers experience, understand and treat them, and how 
materials are key to the ongoing interplay that constitutes making in the first 
place.  

5.1.3 Maker Mindset  
Paper IV stands out from the other papers by offering a more applied 

perspective to material understanding. Here we see how frameworks around 
creative learning and the competences that new materials require impact how 
future-oriented educators need a way to work and navigate this fast-paced 
technological development and what it brings about. Practitioners in this case 
involved preschool educators – who were new to the maker context and 
educated to develop a maker mindset, which is a way in which to approach 
materials, but also describes a collaborative and explorative perspective on 
creating things, communities and spaces. In Paper IV the preschool teachers 
embarked and reflected on their transforming process of becoming maker 
pedagogues in the first place. While the notion of a maker mindset has been 
introduced and circulated by Dougherty (2012), according to whom makers 
reach “the full capacity, creativity, and confidence to become agents of change 
in their personal lives and in their community” (p. 11), other scholars describe 
becoming a maker rather as a change in disposition: A way of being and ways 
of seeing the world (Ryan et al., 2016). Furthermore, a maker mindset has been 
particularly focused on in research on making and education (e.g. Chu et al., 
2015; Marsh et al., 2019), such as that by Becker and Jacobsen (2020) whose 
findings show that becoming a ‘maker teacher’ and teaching with a maker 
mindset changed a teacher’s professional pedagogical practice. In our work, 
we agree with these earlier descriptions but add how this mindset becomes 
particularly relevant to pinpoint the way practitioners gradually get to know 
and then treat the materials (and machines) around them. In Paper IV we 
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articulate that a maker mindset entails qualities such as openness, curiosity, 
responsiveness, being a co-creator, and the willingness to make use of 
technology and materials in preschool educators’ daily professional practice, 
which is key to becoming a maker pedagogue. We further argue that the 
makerspace is a place for this mindset to develop in an interactive and process-
oriented manner. Here maker pedagogues – together with learners – explore 
new tools, create learning environments, work in projects that possibly 
influence views on a future where technology is even more accessible. As the 
demand in current society affects and strengthens, in particular, preschool 
teachers’ and children’s abilities to make use of technology, not only to receive 
and use it, we see an opportunity and a particular value in taking this route. 
Paper IV contributes, overall, a different but relevant perspective on how 
embodied skills and digital and material literacy become increasingly 
important when moving from the makerspace context towards more public 
spheres, such as in educational or municipal settings. 

5.2 Makers and Machines 
The second relevant theme that I studied relates to interactions with the 

machines that makers encounter and with which they engage. With machines, 
I refer mainly to digital fabrication machinery – such as 3D printers, laser 
cutters, CNC plotters, mills and lathes, as well as sewing-, knitting and 
embroidery or drawing machines. These machines – again – combine 
computational and digital elements in the form of their design input and 
through their control units, but use physical materials such as different types 
of wood, metals, acrylic, textiles, filaments and composites that are then, 
depending on the machine, cut, drawn, printed, milled, shaped, knitted or 
embroidered. Furthermore, the machines come with a certain physicality, 
which was interesting to study. Together with manual machines such as bench 
grinders and drills, welding equipment, band saws and various other tools 
from the workshop, these form the equipment in many makerspaces. Hence, 
it can be said that the materials and machines available often define what kind 
of activities take place in the makerspace. Furthermore, the combination and 
variety of different machines and materials in one physical, shared place are 
what allows making and maker activities to stand out. Thus, the intersections 
between old and new practices and tools are key for maker activities to come 
about and thrive.  

 
This thesis also revisits how HCI understands and conceptualises machines 

and their role in interaction design. Machines of the makerspace – such as 
digital fabrication machinery (3D printers, laser cutters, CNC mills, plotters 
and lathes, digital looms, sewing and drawing machines, etc.) – have entered 
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the sphere and compete with the materials and tools that interaction design 
typically cares for. In the work presented we draw on influential contributions 
from the early days of HCI, where Suchman (2007/1987), Orr (1996) and 
Grint and Woolgar (1997), for example, provided rich insights into the myriad 
of aspects of our relationship with technology. In the decades following their 
work, the ‘machine’ in HCI became to a large extent synonymous with 
computers, in the form of desktop PCs and in later years’ mobile phones, 
tablets and wearables. With the rise of the maker movement and its claimed 
democratisation of technology, I argue that machines are back in focus and 
relevant to the field of HCI. Particularly interesting for interaction design are 
hybrid machines with computational composites, such as digital fabrication 
machinery. Fabrication in this context focuses on the act and the process of 
manufacturing an artifact or product, and its relevant technologies were 
initially conceived in industry as a fast way to create prototypes for product 
development (Baudisch and Mueller, 2017). By studying practices around 
desktop 3D printers and the laser cutter, the work presented in this thesis 
contextualises how maker activities allow the unpacking of the skills, 
sensibilities and involvement these technologies already call for.  

5.2.1 Machine Sensibility 
The processes of 3D printing can be described as a straightforward 

workflow on the one hand and as complex and susceptible to failure on the 
other. This duality is deceptive, as it suggests easy access to and possibilities 
for fabricating an artifact, but the materials and machines more often demand 
a more integral involvement throughout. To pinpoint some of these 
underlying aspects in 3D printing practice, we introduce the concept of 
machine sensibility in Paper III and state that practices around 3D printers 
rely on embodied and situated interactions and abilities. Here, we use the 
word ‘machine’ to highlight the importance of understanding the materiality 
of the 3D printer as a machine, and ‘sensibility’, to point to a number of critical 
interactions and abilities that surfaced in the study of this practice. In our 
study, we identified three consecutive themes that are central to 3D printing 
practice: (1) the assessment of the printability of the design before printing, 
(2) the monitoring and intervention during an ongoing printing process and 
(3) the interpretations practitioners make based on the reading of a printed 
artifact’s properties and characteristics. Together, these themes point to how 
the practice of 3D printing involves a complex mangle of human action 
(Pickering, 1995), machine and material contingencies.  

 
We suggest two possible points of departure, supported by our data, to 

move forward and to make use of the concept we have introduced, which is 
making use of machine sensibility as an analytic lens. We discussed this by, for 
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example, understanding machine materiality and agency in this context, 
discovering how 3D printers’ own materiality comes into focus when 
considering machine sensibility, such as the sounds, fumes and certain 
characteristics that play an important role. In our findings, we could see 
machine materiality as manifested in the practitioners’ understanding of 
material-machine-design interdependencies as well as in the embodied and 
sensory-oriented sense-making processes it entails. Due to its physical 
representation, we also see the concept as directly applicable to other 
fabrication machinery (such as laser cutters and CNC mills), as well as to other 
physical computational devices. Moreover, we observed how machine agency 
in 3D printing practice is shaped by the autonomous and unpredictable 
behaviour of the printer. Here we saw that the expectations and predictions of 
the practitioner need to be continuously aligned with and adapted to the 
behaviour of the machine (Devendorf and Ryokai, 2015). Our overall findings 
show how practitioners improvise or adapt to the given situations. In 
summary, in Paper III we propose that machine sensibility could work as a 
starting point to explore and make sense of some of the complex issues around 
machines that HCI focuses on.  

5.2.2 Producing Printability 
In Paper II we examined 3D printing at two sites of open design practice: 

an industry design lab and a makerspace, and contribute to the question of 
how practitioners understand and create printable objects out of an ever-
shifting arrangement of machines, materials, and work processes. Overall, this 
study illuminates the diverse actors and sense-making practices involved in 
3D printing, and we draw attention to the often overlooked and hidden 
aspects of printing experiences that may not be technologically solved. We 
turn to what might be done to support the socio-technical glue of 3D printing 
processes, which we explored through the lens of articulation work instead of 
smoothing it over or trying to erase it with techno-fixes. Articulation work 
comprises the activities of fitting together people, tasks, and their ordering to 
accomplish an overarching project (Gasser, 1986; Strauss, 1988). Through this 
lens, we highlight the interwoven work of creating temporal, material, and 
embodied alignments. By using articulation work and in particular alignment 
as a lens, we articulate the socio-technical glue that produces printability and 
that ultimately holds 3D printing processes together in face of unpredictable 
negotiations involving machines, material behaviour and printing timelines. 
While there may be value in sophisticated technical responses to the 
challenges that surface, Paper II underscores the importance of supporting the 
highly situated processes whereby practitioners develop their judgement of 
printability and material understandings as an important complement to such 
approaches. In Paper II we argue how practitioners in making and industrial 
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settings alike adapt to the quickly changing constellation of 3D printing 
machines, sites, and processes. Here we see how this raises key questions about 
how to configure and integrate new technical developments in equipment, 
software, and materials within these rapidly changing design processes and 
contested forms of expertise. 

5.2.3 The Pliable Machine 
By studying machine interactions with and around the laser cutter – a 

crowdfunded digital fabrication machine – on site, we discovered how 
modding emerges as an underlying but prevalent maker activity that co-exists 
with and affects some of the ongoing creative activities. In Paper V we 
therefore ask how modding can be understood as a form of collaborative 
interaction that is central to digital fabrication. In our findings, we show how 
modding a laser cutter moves beyond use by opening the way for perspectives 
of caring through makers’ close interactions with the machine, how makers 
cope with risk and how mods are creative projects in themselves. It also 
extends our understanding of skill and the importance of manual labour in 
the context of digital fabrication. In the paper’s discussion section, we show 
how the laser cutter, through modding, becomes more accessible and useful 
for the community, although on an abstract level appearing pliable. By 
adapting the notion of pliability (Löwgren, 2007a) to interactions with a 
physical machine, we see how the laser cutter becomes pliable in the hands of 
those who mod. Makers treat the machine as a kind of mouldable material 
thus they see possibilities to reshape the machine to match their needs and 
requirements. We further discover how this is based on the skills of the people 
involved in the modding process. Similar to Andersen and colleagues (2019), 
we agree that by treating the machine as material in itself, provides an 
interesting and useful (re)conceptualisation of what a machine can be. As a 
result, we introduce the pliable machine as a socio-technical system, which 
relates both to the software and hardware in the machine, but also involves 
the social and situated context of the makerspace. Modding activities thus 
become an integral dimension of what constitutes a machine in the 
makerspace. Furthermore, modding acts as an example of how machine 
interaction can play out in the makerspace, implying a close relationship and 
continuous creative and social involvement with the machines in question.  
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6 Discussion 

In this chapter, I first offer answers to the previously defined research 
questions. Then I discuss the role that interpretation and sense-making played 
in my work. Further, I reflect on central concepts and perspectives that were 
highlighted through my work and that might be fruitful for further 
investigations. The chapter therefore summarises the overarching insights 
and put them into context with earlier research. Finally, I offer suggestions on 
how my understanding of making contributes to HCI and interaction design 
and suggest points of departure for future research. 

6.1 Addressing the Research Questions 
In the beginning of this thesis I proposed three overarching research 

questions. In the following sections I will discuss each of the questions in 
consecutive order and elaborate on the key findings that emerged.  

 
RQ1  What situated and embodied practices can be revealed in  
   investigations of makerspace activities? 
 

My studies show how making is at its core an individual endeavour that is 
driven by the makers’ interests and affected by their individual skills and 
abilities. The creative practices of making can resemble those of craftsmen 
(Sennett, 2008) or of the bricoleur (Vallgårda and Fernaeus, 2015), but are 
rendered through combinations of digital, physical and hybrid materials and 
the machines on site. While ‘practice’ refers to the different practices that 
makers undertook in the makerspace, such as soldering, sewing, coding or 3D 
printing, I found that maker activities are characterised through collaboration 
and interactions between makers. Maker activities that I studied for this work 
thus included processes of taking an artifact apart, modding a machine and 
sharing experiences and practice within the group.  

 
The most interesting notes that my work has revealed are: 
 

• How makers continuously engage in reading and interpretation of materials 
• How makers feel and sense qualities of materials and behaviours of machines 
• How makers treat machines as material 
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In my studies, I found that machine and material understanding develops 
through interwoven, embodied, and social sense-making. I noticed how 
makers look after and treat both materials and machines on site, which led me 
to bring forth perspectives that I see as relevant for HCI and interaction design 
research. This relates to the way makers engage in sense-making activities: 
how they reflect on their practices in terms of what they make and how – 
which also offers perspectives that position interaction with technology as 
essentially interpretative. In my studies, I illustrate how often several separate 
activities were linked through the participants’ interpretations of a complex 
intermingling of things, materials, machines, technologies, people, and 
situations that together form a coherent narrative. These narratives or stories 
consist of descriptions of ongoing practice, such as how to test and find 
workarounds for a particular machine, or featuring reflections about the 
process of maker projects that require variations of skills and resources.  

 
RQ2  How are makers experiencing and making sense of the materials   
     and machines in these shared spaces? 

 
• Through the construction of narratives 
• Through social actions such as sharing, supporting and collaborating 
• Through learning skills and expertise of the specific tools, machines, and 

materials  
 
In my work, I recognise certain types of narratives and reasoning, 

particularly in the interactions observed with more experienced makers. 
Understanding is also developed through makers’ individual engagement 
with the materials (and machines) on site, and advanced through shared 
knowledge and environment that serves as an axis for the practitioners to 
inform their practice. What surfaced in my work is how the variety of different 
skills and abilities together are at interplay while furthering the social 
experience of the makerspace. The dissemination of tacit knowledge and the 
advancement of embodied skill make up core aspects, of for example, of 
fabrication practice. The competence and skills that makers present in various 
activities are examples of what individuals contribute to the site, which is 
sometimes for their own interest and self-affirmation and at other times to 
contribute to the collaborative agenda of the collective.  

 
Further, I found how makers value things and artifacts that others might 

discard. Moreover, both maintaining and repairing machines on site 
illustrates how makers value the technology around them. Another example 
is how maker activities can be social, which we see in modding a laser cutter – 
where their involvement both serves self-actualising purposes while also 
acting for the community by looking after the shared machine. As this, in 
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return, affects the ability to acquire skills and expertise on site, or even to claim 
current forms of expertise already held, makers’ experiences are impacted by 
the competences they already bring to the space.  

 
RQ3  How can insights on experience and practice with machines and  

  materials be conceptualised in a way that becomes useful for con-     
  temporary interaction design practices? 
 
Throughout this thesis, I have attempted to further understand the 

engagement in makerspaces around materials and machines and the specific 
situated and embodied actions that these involve. I argue that there is a need 
to articulate what is going on between makers, materials and machines. In this 
section, I summarise the insights I have brought to the fore that are of 
conceptual nature. In this way they become applicable to and useful for 
contemporary HCI research and interaction design practice. Here, I see 
potentially how the conceptualisations may be picked up directly, could 
inspire future work, or can be used as an analytic lens to highlight situated and 
embodied practices when interacting with materials and machines. While 
these concepts and articulations are already discussed at length in the earlier 
chapters – the following segment offers shorter summaries that highlight key 
takeaways from my research, which also directly respond to the third research 
question:  

 
Material Literacy  
 

Provides a novel perspective on literacy in connection 
with technological artifacts, where makers read 
meaning into materials. This opens the way for new 
types of engagements, interpretations and 
experiences that help us to understand human-
technological relationships. The concept contributes 
to the discussion on the interplay between 
computational materials and experience. It positions 
making as an experientially oriented process of 
engaging with technology and the social process 
around it. 
 

Material Qualities In several papers we articulate material qualities, 
which point to the importance of thorough 
considerations of how such qualities touch upon the 
personal and social driving forces behind people’s 
engagement. Moreover, this refers to the wide range 
of skills and interests that people have, and how these 
aspects may interplay in the design of new things and 
technologies.  
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Maker Mindset Presents a way how practitioners gradually get to 
know and then treat the materials (and machines) 
around them. Here we articulate how developing a 
maker mindset entails openness, curiosity, respon-
siveness, being a co-creator and the willingness to 
make use of technology and materials, which we 
frame as key to becoming a maker pedagogue. The 
makerspace is a place for this mindset to develop in a 
process-oriented and reflective manner.  
  

Machine Sensibility A concept that pinpoints some underlying aspects of 
3D printing practice. The work thus highlights how 
makers gain material and machine understanding 
through interwoven embodied and social sense-mak-
ing. The concept states that practice around 3D print-
ers relies on embodied and situated interactions and 
abilities. Furthermore, machine sensibility can act as 
an analytic lens to explore machine materiality and 
machine agency in interaction design.  

 
Producing  
Printability 

By articulating the need for alignment of the 3D 
printing process, where material and machines 
appear as unpredictable and therefore require 
constant negotiation, educated guesses and a deeper 
understanding, this connects the maker-material-
machine in constant interplay as the process is 
reconfigured. Here, material behaviour and temporal 
aspects impact the practice, and different approaches 
such as finding individual and social workarounds, 
improvisation and adaptation, come to the fore. 

The Pliable Machine This concept relates to both the software and hard-
ware of a machine, but also involves the social and sit-
uated context of the makerspace. The requirements 
are an accessible machine that can be altered, skills 
that go beyond use and a surrounding ‘maker culture’ 
of caring, sharing and experimentation. Activities 
similar to the modding of the laser cutter become an 
integral dimension of what constitutes a machine in 
the makerspace. Furthermore, modding acts as an ex-
ample of how machine interaction can play out in the 
makerspace, which implies a close relationship and 
continuous creative and social involvement with the 
machines in question. 
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6.2 Narratives of Making 
My work offers a perspective on making that highlights experience as well 

as embodied and situated practice. Through the papers’ contributions, I show 
how making opens the way for HCI and interaction design research to explore 
the experiences people have when engaging with materials and machines in 
the particular context of the makerspace. The stories that makers shared with 
me and the narratives that were created played a key role in my work. In  
Paper I, for example, several occasions and activities were linked through the 
participants’ interpretations of a complex intermingling of things, materials, 
technologies, people, and situations, forming a coherent narrative. 
Furthermore, my work here demonstrates how makers construct narratives 
and share ‘war stories’ (Orr, 1996) around their situated, embodied and 
ongoing practice (see Papers III and V). I offer perspectives that position 
interaction with technology as essentially interpretative (Grint and Woolgar, 
1997). While interpretation has always been a key issue in HCI, I argue that 
this has not always been foregrounded as such. In Paper I, for example, in the 
context of the shared space and by combining knowledge from a few 
individual makers, the makers created an experience of discovering the origins 
of an artifact. Thus, we state how in this context, “Situated acts of 
interpretation worked as ways of building a coherent narrative and a 
meaningful experience” (Landwehr Sydow et al., 2017, p. 121). But instead of 
the idea that artifacts have to be open to any kind of interpretation (Hutchby, 
2001), my work finds that these types of understanding draw on makers’ 
abilities and experiences – which are described as skilled or informed 
judgements (Papers II and III), skilled work or skilled interactions (Papers I, 
II and V), as well as the process of becoming skilled in the first place (Paper 
IV). For example, in Paper III, I observe how our participants make 
judgements by drawing on tactile examinations and personal experience. In 
other examples, nuanced material understandings and craft sensibilities 
illustrate how earlier experiences and skills together inform a maker to see 
subtle details in an artifact at hand (Paper I). Thus, I imply that experiences in 
engagements with technology emerge out of this interplay of a complex set of 
factors, which according to my research involves the participants and their 
earlier experiences, certain qualities of the artifacts and materials, and how 
such separate activities are often situated in a larger context.  

 
Throughout the data collection in my studies, I gathered subjective stories, 
recollections and reflections on how makers refer to the materials, machines 
and their processes. Thus, work has focused on how our participants interpret 
and relate to these entities on site. My framing was inspired by Suchman’s 
(2007) influential work in HCI, who during her studies of Xerox photocopiers 
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examines the “conception of purposeful action, and consequently of interac-
tion” that has informed the design of interactive machines ever since. Similar 
to today, she notes how actions are always situated in particular social and 
material circumstances, which make situations crucial to an action’s interpre-
tation (ibid, p. 176). Furthermore, Suchman sees how interactions “between 
people and machines require essentially the same interpretative work that 
characterises interaction between people, but with fundamentally different re-
sources available to the participants” (ibid, p. 179). While much of the ongo-
ing work in the field of HCI is trying to overcome issues of this asymmetry 
between people and machines, in my work I argue that we are still faced with 
the same – or similar – problems that were highlighted back then. In papers 
on the theme ‘makers and machines’, I have, for example, tried to highlight 
the diverse actors and sense-making practices involved in 3D printing. This 
was done by drawing attention to the often overlooked and hidden aspects of 
printing experiences that may not be technologically solved. Moreover, by 
highlighting modding, I observe how involvements with a laser cutter take 
place from within the community, rather than the imposed techno-fixes and 
infrastructures for social support that HCI research tends to offer. A way for-
ward is for example choosing a post-anthropocentric view that builds on an 
“understanding that digital fabrication can be more than a series of steps, that 
materials have agency alongside a user’s goals and that opportunities for cre-
ative exploration are more important than seamless control” (Twigg-Smith et 
al., 2021). By drawing on Devendorf et al. (2016), who propose to depart from 
traditional human-machine dichotomies in favour of this “post-anthropocen-
tric” perspective, this highlights a perspective on making where humans and 
machines are considered to be co-creators in the processes of design, con-
struction and execution instead. In my latest work, I made use of this angle to 
tackle alternative possibilities of discussing making and digital fabrication. 

6.3 Reflections on Central Concepts and Future Work 
In my work, I draw on different perspectives and concepts that are helpful 

in reconsidering the human-technology relationships that the interactions in 
maker activities bring to the fore. Here, some of my might be fruitful for 
further investigations: (1) By revisiting influential work, I map out how we are 
still grappling with the same or similar issues when it comes to human-
technology relationships, despite interacting with new materials and 
machines; (2) I begin to discuss the role of agency in relation to material and 
machine interactions, and (3) I probe a post-anthropocentric perspective to 
find a different starting point for interactive and digital fabrication machinery.  

 



 83	

To begin with, I revisited Suchman’s reconfigurations of humans and 
machines (2007) and recognised how her propositions that “actions are always 
situated in particular social and material circumstances, [where] the situation 
is crucial to an action’s interpretation” (p. 176), are still as relevant today. Here 
I observe how fabrication machines are contemporary examples that require 
“artful integrations” when appropriating new technologies into existing 
practices, which happens by combining machine processing with skilled 
human labour, rather than by wholly automating tasks and delegating them 
to machines (Suchman, 1996). Furthermore, my work draws on concepts 
from STS, such as articulation work (Gasser, 1986; Strauss, 1988), which refers 
to all efforts made to keep a project on track in the face of breakdowns, 
disruptions and unforeseen circumstances. Within this, I use, for example, 
‘acts of alignment’ that are in my context necessary to produce printability of 
a design that results in a printed artifact. Thus, I aim to unpack the socio-
technical glue that holds these types of processes together. Furthermore, 
articulation highlights the less visible work that allows other, more visible, 
work to happen (Sawyer and Tapia, 2006; Star and Strauss, 1999), which in 
my studies can be seen both when analysing overlooked work with the 3D 
printer as well as when unpacking modding of the laser cutter. I find that there 
is value in exploring practice close up and over longer periods of time to 
uncover nuances in the ways of treating the technologies that already 
surround us. Further, revisiting influential work helps us in HCI to reflect on 
materials, machines and technologies that are not necessarily new or novel at 
its core. Moreover, I discover how we are still grappling with similar issues, 
when it comes to e.g. interactions with digital fabrication machinery.  

 
Secondly, a strand that I refer to in connection with human-technology 

relationships is that of agency, which is a complicated concept to invoke. I 
find, however, that agency can provide a way to talk about the situated 
interactions between makers and their materials and machines (Tholander et 
al., 2012). In other words, agency may expand HCI researchers’ under-
standing of how materials ‘talk back’ and become active agents in these types 
of interaction design processes. Various theories on agency provide a way of 
analysing the performative role of design materials, such as, for example, 
‘intra-actions’ between components within a given phenomenon, rather than 
meanings ascribed to singular actions of the designers (e.g. Barad, 2003; 
Pickering, 1995; Suchman, 2007). Building on Suchman’s view, Tholander et 
al. state that “agency is not an attribute of either humans or non-humans, but 
rather effects of outcomes, generated through specific configurations of 
human and non-human entities. The notion of configuration in this context 
suggests that each component, either human or nonhuman, always 
participates and becomes meaningful within a constantly reconfigured 
phenomenon” (2012, p. 2500). When studying situated practice in the 
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makerspace, I am therefore influenced by this understanding of the complex 
arrangement of things that are ongoing, with a particular interest in the 
human-technology relationships that reveal themselves. In my work, for 
example, I frame machine agency in interactions with a 3D printer and argue 
that it is shaped by the autonomous and partially unpredictable behaviour of 
the printer – pointing to how the expectations and predictions of the 
practitioner continuously need to be aligned with and adapted to the 
behaviour of the machine. Overall, agency is here thus not to be viewed as a 
fixed property embedded in the object, but enacted in the relationships 
between people, materials and machines – and could serve as an entry point 
to explore further. 

 
Thirdly, when studying interactions with digital fabrication machinery in 

the makerspace, my fifth paper probes a post-anthropocentric angle. In this I 
draw on the work of Devendorf and colleagues (2016), who propose to depart 
from traditional human-machine dichotomies in favour of a perspective on 
making where humans and machines are considered to be co-creators in the 
processes of design, construction and execution. Earlier, Devendorf and 
Ryokai (2015) found that “the way in which users interpreted machine 
commands revealed four kinds of relationships to fabrication technologies 
and demonstrated the potential of reflective, experimental, and collaborative 
engagements with digital fabrication systems” (p. 2486), which they 
accordingly explored further. Their work opened up possibilities for 
alternative methods in which humans, machines, and materials may operate 
as more equal partners in making (also picked up by Albaugh et al., 2020; 
Andersen et al., 2019; Twigg-Smith et al., 2021 among others). In my latest 
work, I was inspired largely by this post-anthropocentric view when reflecting 
on maker communities and their machine interactions. I also relate to Ingold 
(2013), who sees making as a process of growth, also called a morphogenetic 
process: “This is to place the maker from the outset as a participant among a 
world of active materials. These materials are what he has to work with, and 
in the process of making he ’joins forces’ with them, bringing them together 
or splitting them apart, synthesising and distilling, in anticipation of what 
might emerge.” From my data, I observed how modding as a maker activity 
represented a process that is ongoing, where makers are constantly 
reconfiguring the machine in terms of its boundaries and limitations. Overall, 
in this work I argue that such a reframing and seeing a machine as pliable, 
helps us to understand and reflect on already ongoing relationships with 
technology within and beyond the context of the makerspace which could be 
exciting to explore further.  
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6.4  What does Making bring to Interaction Design?  
This thesis shows how the interest in making, its culture and the maker 

movement has since 2005 gained traction in HCI. By first increasing and then 
diversifying, the topic around making has filled a niche but relevant area of 
research across several disciplines. In this respect, Bardzell and colleagues 
describe how “making [has] emerged as an interdisciplinary arena of 
scholarship, research and design that connects entrepreneurs, designers, 
researchers, critical theorists, historians, anthropologists, computer scientists 
and engineers” (2017, p. 4). In retrospect it can be said that making first 
captured attention in academia due to the potential and transformative 
promise of individuals and groups that are involved in these types of practices 
and the impact that this could have (Tanenbaum et al., 2013; Waldman-
Brown et al., 2015; Bardzell et al., 2017). Further research involving the 
communities in existence, as well as the tools and materials makers use and 
the artifacts made, has continued to engage HCI and interaction design 
researchers since. I agree that making appears to provide – at last – concrete 
tools and methods to address and implement a long-held promise of design 
research in the tech industry, which is the democratisation of technology 
production (Bardzell et al., 2017; Lindtner and Lin, 2017; Tanenbaum et al., 
2013). A recent example for this is how the communities and networks around 
making have made societal impact in times of crisis. In the aftermath of the 
recent global pandemic, researchers observed how makers stepped up to 
design and fabricate protective gear (e.g. Armani et al., 2020; Corsini et al., 
2021) by sharing knowledge and resources as well as by tapping into networks 
that exist between hackers and makers worldwide to engage in an un-
precedented effort of collective peer production (Lakshmi et al., 2021). Here 
the scaled down, former industrial machinery – that is also studied in my work 
– is embraced by maker culture around the world, and has increasingly 
become more accessible to a diverse user base.  

 
Further, despite substantial research on the topic as a phenomena and 

socio-technical trend, I found that there is still a need to examine what 
practices of making have to offer to HCI and interaction design research. In 
my work, making served as a ‘topic’ and makerspaces as ‘sites’ that I explore, 
but within this I turn towards the way makers engage and interact with the 
artifacts, materials and machines that are present. As the earlier chapters 
show, I unpack both the unfolding of experience in making, as well as a certain 
perspective by positioning making as a situated and embodied practice. In 
summary, I have studied various examples that focus on how makers interact 
with artifacts and the materials that they are made of, as well as observing their 
interactions with machines and how the processes around them play out. For 
this, I followed ongoing practice and activities at site, but also became 
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interested in the things that were underlying or less visible. I also had makers 
demonstrate and reflect on artifacts and the outcomes of maker activities, as 
well as machinery processes and their interpretations around them. I 
highlight, for instance, the interdependencies that become visible between the 
design, the material and the digital fabrication machinery that inhabit 
makerspaces. Making, overall relates to the return to physical materials and 
hands-on, embodied practice, which taps into the material turn, which I try to 
unpack in this thesis. Relevant for my line of study was how making is carried 
out as an end in itself, pinpointing the fundamental creative pleasure and 
direct engagement with materials that these types of practices afford (Smyth 
et al., 2018). Further, I agree with Stolterman and Wiberg, who recognise “the 
importance to constantly examine and document how practice develops, to 
understand contemporary practices, and the realisation that we need to 
critically review what methods and skillsets these changes in practice 
implicate” (2020, p. 61). I thus find that maker activities and practice in the 
makerspace offer such a possibility. In the work presented I contribute 
conceptualisations and articulations that can either be directly applied or 
serve as inspiration for future work on making that may further impact 
interaction design. 
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7 Conclusion 

In this thesis, I have presented a body of work in which I explored how 
groups of makers experience physical, digital and hybrid materials and how 
they understand and make sense of the machines and their processes in the 
makerspace. The particular way in which I studied this topic is based within 
HCI and interaction design research and the attempt to move close to makers’ 
experiences, was inspired by an ethnographic approach. In my work, I made 
use of inductive qualitative data methods including participant observation, 
design methods, and contextual inquiry, to unpack human-technology 
relationships in the makerspace. Throughout the thesis, making is discussed 
as a practice of importance for interaction design and conceptualised as 
involving a particular mindset when engaging with materials and machines. 
Based on this, my work argues that the phenomenon calls for a deeper 
reflection on recent movements on material interaction and materiality on the 
one hand, and perspectives on machine interactions on the other. I explore 
how situated and embodied practices can be revealed in investigations of 
makerspace activities. Further, my work describes how makers experience and 
make sense of the materials and machines that populate makerspaces. Finally, 
I map out how insights on experience and practice with machines and 
materials can be conceptualised in a way that become useful for contemporary 
interaction design practices. 

 
The five publications that are part of this thesis discuss the topic in different 

ways and add to the nuances that surfaced when studying material and 
machine interactions. By moving from things that stood out in the 
makerspace when observing makers’ ways of understanding materials when 
taking an artifact apart (Paper I), to observing emblematic machinery of 
maker culture and zoom in on their processes (Paper II and III), towards 
noticing underlying and ongoing practices with machines (Paper V) and 
exploring how makers can develop a maker mindset in the first place (Paper 
IV), the different angles offer both detailed and diverse perspectives on the 
matter. For this thesis, I found out how makers in makerspaces are those who 
try, test, explore and challenge what materials with different qualities and 
digital fabrication machinery have to offer. Simultaneously, while profiting 
from the surplus in production from the technological industry, makers also 
demonstrated a tendencies towards resourcefulness in terms of how they work 
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with the things at hand, collaborate on projects and share knowledge, while 
also valuing objects others would replace or discard. Hence, as a result of 
studying both individuals and groups of makers – observing their practice, 
listening to their stories and making sense of the experiences they share – I 
argue that maker activities help us to find alternative ways of treating 
materials, machines and things in times when resources become scarce. With 
my contributions, I aim to better understand the interplay of the maker, 
materials and machines bring to the fore. This may inspire us to tend to these 
entities in a similarly interested, passionate and curious way as lot of makers 
put forth. In summary, my research showed how interactions with material 
and machines in the makerspace offer insights into close human-technology 
relationships that can be inspirational for how HCI looks after these things in 
the future. 
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