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ABSTRACT

JOHANNA OKERLUND. A Critical, Empirical, and Reflexive Investigation of
HCI’s Promise of Democratization in the Making Phenomenon. (Under the

direction of DR. DAVID WILSON)

Many endeavors in the field of Human-Computer Interaction (HCI) align them-

selves with the promise of the democratization of technology production, a promise

that has yet to be fulfilled due to gaps in access and underlying power dynamics. HCI

has recently seen new glimmers of the promise of democratized technology produc-

tion in the making phenomenon. In this dissertation, I present a normative theory

project grounded in my experience of starting and running a university makerspace

that engages with the concept of democratization directly. To construct and develop

the Normative Theory of Human-Centered Making (NTHCM), I derived a definition

of democratization, developed an argument for a shift in values to better meet that

definition, and conducted a series of empirical studies to understand how the theory

relates to practice. I then used feminist utopianism as a definition of democratization

to evaluate the theory and reflect more broadly on the merits and challenges of this

theory in light of HCI’s promise of democratization.

Overall, I found that while the NTHCM is grounded in a definition of democra-

tization and grounded in relation to maker practices, it does not guide towards or

capture democratization to a sufficient extent, nor does it relate directly enough to

maker practices to shed light on how to shift them. However, it is useful nonetheless

as a reflective lens for makers, makerspace leaders, and HCI researchers on maker

practices and contexts. I also found that feminist utopianism, the construct I had

planned to measure the NTHCM against, has merit as an alternate way of pursuing

some of the same goals as the NTHCM. I reflect on the similarities and differences be-

tween the NTHCM and feminist utopianism and discuss how underlying assumptions

I had made while developing the NTHCM may have gotten in the way of its ability
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to relate to maker practice or to fulfill the promise of democratization. Contributions

include insights about the merits of the NTHCM as a reflective lens for maker leaders

and HCI researchers, insights about the merits of feminist utopianism to guide maker

leaders and HCI researchers towards the promise of democratization, and insights

about underlying assumptions of HCI endeavors that may be in the way of fulfilling

the promise of democratization.
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CHAPTER 1: INTRODUCTION

New technologies and innovations are often introduced with optimistic narratives.

Many of these either explicitly or implicitly cite the promise of democratization: The

Internet, for example, promised to promote increased dialogue [145], provide a place

where everyone was considered an equal [184], and enable citizens to be more informed

[109]. For various reasons, these narratives are being called into question. We see that

discourse on the Internet is polarized and radicalized [55], the data that was collected

for the purpose of customization are being sold to advertisers for micro-targeting

[193] and are being used to reinvent racist forms of surveillance [37]. Additionally,

we are seeing that even explicit democratizing efforts are not reaching everyone in

society [10, 89, 185]. While technologies are certainly capable of influencing social

and political arrangements [190], critics point out how the general assumption that

the technology itself will drive social change is incorrect [10, 88, 138].

The field of Human-Computer Interaction (HCI) and neighboring fields that study

and design interactive systems often cite or claim to be pursuing the promise of de-

mocratization, particularly the democratization of technology production [16]. Some

of the ways HCI research and design aligns with this promise includes involving end

users or previously forgotten populations in the design process and celebrating or

supporting instances of end user empowerment [124].

However, none of these HCI endeavors have lived up to this promise of democrati-

zation. Researchers have pointed out ways even the most noble Participatory Design

efforts do not escape various biases of the leaders [14, 20], how difficult it is to truly

design with people of different cultural backgrounds [152, 176], how easy and prob-

lematic it is to impose a Western definition of progress as though it were universal
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[157], and how HCI research often takes an a-political approach to political problems

such as democratization [73, 124, 163].

A recent version of the democratization narrative in HCI research emphasizes a re-

newal of democratic ideals embodied in the activities of makers, makerspaces, hack-

erspaces, and other related aspects of the making phenomenon [16]. HCI rhetoric

typically portrays users as helpless and frustrated until they are saved and empow-

ered by HCI-designed systems [51]. The emergence of makers affords HCI researchers

new opportunities to spread empowerment by spreading maker empowerment: de-

signing tools and supporting the maker phenomenon to turn more users into makers.

Makers are also celebrated in HCI research due to their material engagement and

technological outputs. We might recognize many of the artifacts coming out of mak-

erspaces as devices we would see in HCI-related conferences such as CHI or UIST

[125]. This means that makers are different from the typical users that HCI research

studies because the already empowered makers are able to make the same types of

artifacts for themselves [163]. In some ways, the making phenomenon embodies the

vision of democratized technological production that HCI imagines creating [16].

However, this promise of democratization in HCI through the making phenomenon

has also fallen short due to systemic barriers that prevent many from participating,

incorrect assumptions about technology’s ability to solve social problems, the imposi-

tion of narrow definitions of progress, and the avoidance of looking into the political

aspects of making [16, 163]. Thus, the question this dissertation asks is about HCI’s

promise of the democratization of technology production: What does it look like to

truly pursue this goal? Why is it so difficult? What needs to change for HCI research

to make commendable progress towards this goal?

To shed light on these questions, I describe a theory project that is grounded in my

experience of starting and running a university makerspace as well as leading several

other maker-related contexts. Throughout this theory project and in the context of
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leading various makerspace contexts, I directly confronted the topic of democratiza-

tion relative to the making phenomenon, considered different ways that local making

endeavors did or did not align with the promise, and uncovered tensions I felt as a

leader of various making contexts attempting to align local efforts with those broad

goals. The questions and decisions I faced as a makerspace leader are analogous to

questions HCI faces in general, which makes this experience as a makerspace leader

an appropriate object of study to shed light on the broader questions about democ-

ratization in HCI.

1.1 Thesis Statement, Research Questions, and Contributions

This dissertation documents a project that aimed to develop a normative theory

that would guide makers and maker leaders on how to shape their efforts toward the

broader goal of democratization. The overarching question this project aims to shed

light on is about HCI’s promise of democratizing the production of technology:

Overarching Research Question: What does it look like for HCI researchers

to pursue the promise of democratization? Why is it so difficult? What

needs to change for HCI to make progress towards this goal?

This is a broad question and is difficult to answer directly. I thus focus on a similar

question in the context of the making phenomenon:

What does it look like for HCI researchers to pursue the promise of de-

mocratization in the context of the making phenomenon? What is in the

way of that promise being fulfilled?

This still a broad question and difficult to answer directly. To answer it, I focus

specifically on the practice of making and makerspace leadership, engaging with the

promise of democratization directly and investigating what it means to try to pursue

it:
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Specific Research Question: What should makers and makerspace lead-

ers do or think about to better align their efforts with the promise of

democratization?

To answer this question, I describe a theory project that was grounded in and

informed by my experience of starting and running a university makerspace, as well

as several other maker-related contexts. The goal of the project was to develop a

normative theory, which I call the Normative Theory of Human-Centered Making

(NTHCM), that would guide makers and maker leaders on how to shape their efforts

toward the broader goal of democratization. Figure 1.1 illustrates the different levels

these research questions live at, with each narrower and more specific. The theoretical

and empirical investigations of this dissertation primarily live at the lowest level,

focusing directly on the making phenomenon, and secondarily at the second level,

drawing upon HCI research periodically to answer that question. Figures 1.2 and

1.3 further illustrate the difference between the two lowest levels of the triangle. In

order to answer questions about HCI’s promise of democratization in the making

phenomenon, I first needed to understand how to pursue that goal from within the

making phenomenon itself. Several chapters of the dissertation focus primarily on

this question and the immediate relevance of the findings is limited for HCI more

broadly. However, the aggregate insights from these findings about democratization

as it applies to makerspace leaders allow for broader reflection on HCI’s pursuit of

democratization. This discussion culminates in the discussion chapter (Chapter 8).
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Figure 1.1: Levels of Research Questions

Figure 1.2: Focusing on what makerspace leaders should do towards the promise of
democratization in the making phenomenon

Figure 1.3: Using insights about what makerspace leaders should do towards the
promise of democratization in the making phenomenon to shed light on implications
for HCI
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The hypothesis that drove the normative theory project was as follows:

Driving Hypothesis: The NTHCM, which calls for a shift in the values

of the making phenomenon to more closely resemble the values present

in HCI research and design endeavors, is theoretically grounded, relates

to existing maker practices and contexts, and there is reason to believe

that adopting the theory will bring the making phenomenon closer to the

promise of democratization.

This hypothesis drove the work I present in Chapter 3, where I construct the

theory, Chapters 4-6, where I develop the theory based on empirical investigations of

maker practice, and Chapter 7, where I evaluate the theory relative to the promise

of democratization.

Ultimately, I conclude that this hypothesis is not the best answer to the research

question. I show that while the NTHCM is helpful in some ways, for example, as a

reflective lens that can shed light on the extent to which various maker contexts and

activities align with different narratives of making, it neither fully captures the con-

cept of democratization, nor does it relate directly enough to the practice of making

or maker leadership. In the process of determining the extent to which the NTHCM

shows promise for aligning local maker efforts with the broad promise of democrati-

zation, I considered feminist utopianism as a particular definition of democratization.

During this process, it became clear that feminist utopianism was less suited as an

evaluative measure of the NTHCM and better suited for consideration as a fellow trav-

eler. I then discuss the similarities and differences in approach between the NTHCM

and feminist utopianism, shedding light on some of the underlying assumptions I had

made when developing the NTHCM that limited the extent to which it could con-

tribute to guiding endeavors toward fulfilling making’s promise of democratization. I

reflect on those differences in light of HCI’s pursuit of democratization through re-
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search and design efforts related to the making phenomenon, which is where I provide

support for the thesis of this dissertation.

Thesis Statement: HCI endeavors that pursue the promise of democra-

tization through research and design efforts related to the making phe-

nomenon require moving beyond several underlying assumptions of typical

HCI practice: assumptions about how the endeavor will scale, assumptions

about HCI’s role in driving the effort, and assumptions about how theory

and praxis relate.

The primary contributions of the dissertation are the following:

• I introduced the idea of Human-Centered Making and developed the Normative

Theory of Human-Centered Making. I used literature to derive and ground the

definition of the theory and empirical studies to develop an understanding of

how it manifests in the making phenomenon and the merits it offers for makers,

makerspace leaders, and researchers.

• I use the results of an empirical study and a reflective analysis to discuss the

merits of feminist utopianism as a definition of democratization for the making

phenomenon and a guiding construct for makerspace leaders.

• I reflect on the underlying assumptions I made throughout the project to provide

insights about different ways of engaging with the idea of democratization in the

making phenomenon and a discussion about what this means for HCI’s pursuit

of democratization.

1.2 Methodology

The primary contributions of this dissertation are theoretical. The main project

centered around developing a normative theory grounded in a theoretical argument
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and developed based on the results of several empirical studies. I describe more

specifically the methodology of each chapter throughout and I describe my general

methodological approach here.

The empirical studies employ more traditional HCI methodologies, using methods

such as interviews, observation, and qualitative data analysis. These empirical studies

do not aim to provide empirical support that the Normative Theory of HCM is correct;

rather they help investigate necessary questions about what how the concepts relate

to actual maker practice. Some of the insights from these studies are directly relevant

for maker leaders and researchers and also form the basis of broader reflections I make

about the NTHCM and the promise of democratization in the making phenomenon

and in HCI.

The research draws upon Humanistic HCI [15], which makes contributions to HCI

using methods of inquiry and techniques from the humanities such as essays, close

reading, and critical analysis. While HCI research tends to range in methodolo-

gies such as research by design and A-B experimentation, many of these endeavors

fit within the category of rationalist research. Rationalist HCI aims to generalize

and abstract human behavior and technological design elements to achieve a more

methodological approach to design [192]. Rittel and Webber point out how there

are some problems, coined as “wicked problems”, that are too complex to be solved

with traditional design or any existing approach [160]. Humanistic HCI aims to un-

cover nuance, read deep into one instance or circumstance, and embrace subjective

viewpoints. Since democratization is a broad concept that is difficult to measure,

Humanistic HCI is a reasonable approach. Some of the points I make throughout the

dissertation belong to this epistemology. For example, in Chapter 3 as I am justifying

the choice of values for the definition of HCM, the fact that I am able to use those

values to make a certain argument supports the choice.

Additionally, I draw upon reflexive ethnography and autoethnography, which are
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methodologies that derive research insights from personal experience [144, 57]. The

reflexive aspect means that the researcher discloses their stance and rather than trying

to remove subjectivity, they discuss how their insights were influenced by their goals,

background, assumptions or other aspects of their positionality [161]. Autoethnog-

raphy is when the researcher studies their own experience such as a time when they

used a particular technological device themselves [74]. Autobiographical design is also

a related and relevant methodology where the researcher describes a design process

for themselves. A guiding principle of autobiographical design is that the researcher

is able to better articulate nuances of the conditions or constraints they are designing

for than if they were designing for someone else under those conditions [144]. While at

times I describe a design process I performed, I was not designing maker contexts for

myself, so autoethnography is partially relevant. Autoethnography does not always

have a design component to it, since an autoethnographic account might document

the experience of not having a cell phone for a certain period of time [129]. I do,

however, draw on aspects of these epistemologies throughout the dissertation, using

my experience setting up and running a makerspace to provide insights about the

challenges and opportunities for HCI to pursue the promise of democratization by

supporting the making phenomenon.

1.3 Scope of Relevance and Terminology

Making is a broad term used to refer to many activities that arguably include

hacking, crafting, maintenance, repair, and craft [39, 103, 107, 108]. Failure to include

one of these additional practices runs the risk of erasing the participation of a certain

demographic or minority group. For example, many have argued that “making” should

also include hacking, repair, craft, reappropriation etc. for full inclusion. Cultural

context also makes a difference, as Lindtner et al. and Bardzell et al. have conducted

long-term ethnographic studies of makers in Taiwan and China and discuss how the

supposed global sentiment of making as democratizing is very western and making
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brings a very different promise to those different regions [21, 126, 123]. Following an

example from Bardzell et al. [16], I use making as an umbrella term to roughly cover

all these activities and likely others, but I purposefully do not define the bounds of

what I include when I discuss making. In this research, I refer to general the rise of

Makerspaces, Fab Labs, and the broader wave of engagement in making and digital

fabrication as the “maker phenomenon”, focusing on this trend from a Western, US-

based perspective. While I do refer to “making” or “makers” as a homogeneous group,

it is important to note that there can be substantial variation in the range of practices,

values, and goals [16].

As I do not define the bounds of making, I also do not define the bounds of the

making phenomenon. Because I am concerned with the broad impact of the phe-

nomenon, when I discuss what is or is not happening, I mainly focus on the core of

the phenomenon or the mainstream spaces and contexts that are associated, though

it is difficult to define what constitutes the core versus the margins [183]. I choose

the word “phenomenon” rather than the colloquial “movement” because the Maker

Movement is something else discussed by and typically associated specifically with

Make media [24].

Some have pointed out that some of making’s supposed universal hallmarks of “de-

mocratization” and “empowerment” are in reality an imposition of Western ideology

on a global phenomenon that is not homogeneous [123]. “Making” is often presented

without discussing the local nuances and cultural differences that cause different in-

stantiations of making or different opportunities, promises, and pitfalls. With this

in mind, because this dissertation focuses on the concepts of democratization and

empowerment, my claims and insights are relevant to individuals and contexts that

already align or desire to align their endeavors with these concepts. While I often

discuss the NTHCM in terms of democratization, democratization is a concept that

lives outside of the actual definition of theory. It is possible that the NTHCM might
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be relevant and applicable in contexts that do not align with democratization and em-

powerment. However, evaluating the theory against measures in other contexts and

other than democratization and empowerment is out of scope of this dissertation.

I often use “HCI” as a noun, referring broadly to the field of HCI as a whole, its

disciplinary commitments, or broad tendencies. While HCI is a diverse field, there

are certain broad tendencies that do not have a more specific locus such as a set of

researchers or branch of HCI research. For example, I refer often to HCI’s promise

of democratization, which is both an explicit framing some HCI researchers attach

to their endeavor as well as an underlying goal in HCI research that does not claim

that goal explicitly. This is a convention that is also adopted in other HCI literature

[16, 51, 123, 163].

1.4 Context and Self-Disclosure

This work was done in the context of the University of North Carolina at Charlotte

(UNCC), a large public university in the southeast United States. This research

was grounded in the experience of setting up and managing a university makerspace,

which was initiated by a faculty member in the College of Computing and Informatics

(CCI), who was also one of my dissertation advisors. Our makerspace (Figure 1.4)

has an emphasis on digital fabrication equipment, programmable electronics, and

textiles. It is open to students, faculty, and staff from all departments for personal,

research, or class projects. A team of 4-7 paid student workers run training sessions,

workshops, and facilitate the space during open hours. Since Spring 2016 when we

began sorting out the machines, policy, and opening the doors, my role was second-

in-command to the faculty director. I oversaw many of the day-to-day operations

including checking in with the student staff, training new staff, creating and updating

training material for the makerspace users, and updating policies as needed. I also

spent several hours a week in the space getting to know the users, making note of the

vibe of the environment, seeing what problems arise that staff might not be aware
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Figure 1.4: UNCC CCI Makerspace

of to bring to our attention, and trying to do some making of my own. While the

space itself was not the direct object of research in this dissertation, I used it often to

reflect on what happens in it, how we talk about it, and my own relationship to it. I

detail some of the specific questions I faced and approaches I tried in later chapters.

The research presented in this dissertation was influenced by my feminist stance,

driven in part by an activist instinct and informed by scholarly works of feminist

theory, which I discuss at various points throughout. The project was started because

of a desire to rectify the apparent injustice that makerspaces only fulfill their promise

of radical inclusion for a narrow representation of the overall population. Some of

my initial endeavors, documented in the first few chapters, were in line with parasitic

resistance, which involves “incrementally redirecting the host’s resources from inside”

as defined by Fisher and discussed by Lindtner et al. [124, 77]. I was working within
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the bounds of a typical makerspace, but aimed to resist some of the problematic

norms by shifting the values and rhetoric in specific ways. I disclose my standpoint at

various points in this dissertation, reflecting on the responsibility and power dynamics

at play associated with positions of authority such as being a makerspace leader and

an HCI researcher. In later stages of the project, I engaged directly with feminist

utopianism, a feminist theory-informed perspective on how radically better futures

emerge participatorily, using this as an evaluative measure and a source of guidance

for design endeavors.

Throughout this project, I did not engage deeply with the topic of race or with

bodies of critical theory that unpack other sources of oppression. It could be ar-

gued that overturning a certain oppressive power structure, such as gender-related

oppression, invites emancipation from other forms of oppression as well. However,

without an explicit and holistic consideration of these other factors, such as the crit-

ical race theory-informed approach necessary to reduce blind spots in HCI research

to complicity of racial injustice [147], we do not know for sure.

1.5 Road Map

• In Chapter 2, I discuss related work in different research areas that this dis-

sertation contributes to: 1) HCI’s commitment to democratization 2) HCI’s

understanding of the making phenomenon. While I draw on and discuss other

relevant literature throughout the dissertation, this chapter focuses on these

agendas that I view as fellow travelers in that they have similar goals, but

different approaches.

• In Chapter 3, I discuss the construction of the NTHCM. I first ground the need

for such a theory in specific questions I encountered when starting and running

a university makerspace. I then derive a set of criteria for democratization

based on critiques of the making phenomenon. I argue that when a particular
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value system (consisting of individualistic, artifact-based, and internal-facing

mindsets and practices) is prominent, these criteria for democratization are not

likely to be met. I then draw on common practices in HCI research and design

to derive a complementary value system (consisting of collective, interaction-

based, and external-facing mindsets and practices) and argue that when these

are present, the endeavor is more likely to make progress towards the promise

of democratization. I use these arguments to construct the definition of the

Normative Theory of Human-Centered Making (NTHCM) which argues for a

shift in the values discussed above. I provide definitions and examples to support

the concept.

• Chapter 4, 5, and 6 present empirical studies aimed to develop an understanding

of the theory and the values of HCM based on how they relate to makerspace

practice. Chapter 4 presents the results of an interview study with participants

of Statement Making, a digital fabrication fashion show. The purpose of the

study was to understand how the values of HCM manifest and how they relate

to each other in practice.

• Chapter 5 presents the results of an empirical study that uses the NTHCM to

reflect on student learning in a semi-structured capstone course centered around

using advanced HCI methods in the area of 3D printing prosthetic devices for

others. The purpose of the study was to understand if the NTHCM is useful

for maker leaders as a reflective lens.

• Chapter 6 presents the results of an interview study with maker leaders and an

autoethnographic reflection, aimed to understand how the NTHCM can help

drive or guide maker practices.

• In Chapter 7, I present the results of additional theoretical investigations, re-

turning to the literature to find an updated definition of democratization to
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use for deeper analysis of the potential outcomes of applying the NTHCM. I

argue the appropriateness of feminist utopianism and proceed to use feminist

utopianism as a lens in the context of Statement Making, the same context

studied in Chapter 4. Ultimately, this investigation sheds light on some of the

shortcomings of the NTHCM and shows the value of feminist utopianism in and

of itself.

• Chapter 8 is the discussion, where I summarize the findings about the NTHCM,

including reflecting on the extent to which it is well-grounded, relates to maker

practices and contexts, and shows promise for democratization. I reflect on

feminist utopianism in similar terms, showing how although I intended it as an

evaluative measure of the NTHCM, it has merit and value towards similar ends

as the NTHCM. I then reflect on the NTHCM and feminist utopianism together

in terms of how they relate to the promise of democratization in different ways

and what the merits and shortcomings of each mean for HCI’s pursuit of the

promise of democratization in the context of the making phenomenon.



CHAPTER 2: RELATED WORK

This related work section highlights the work in different research areas that this

dissertation contributes to: 1) HCI’s pursuit of the democratization of technology

production and 2) HCI’s understanding of the making phenomenon. While I draw

on and discuss relevant literature throughout the dissertation, this chapter focuses on

these areas where I make contributions.

2.1 HCI’s Pursuit of Democratization of Technology Production

In this section, I discuss different ways HCI research has pursued the democra-

tization of technology production, either explicitly or implicitly. For each type of

endeavor, I discuss what the endeavor looks like, what challenges it faces or what cri-

tiques are present, and how that research makes progress towards HCI’s goal. I focus

mostly on the broad research that relates to the making phenomenon, though there

are related areas of HCI research that also fit into the agenda of the democratization

of technology production such as Value-Sensitive design, which aims to systematically

take into account users’ values [83] and ICTD or HCI4D, which focus on marginalized

communities [48]. Also, any research that aims to increase the usability or functional-

ity of web applications falls into the category of democratized technology production

since researchers have pointed out that the advent of Web 2.0 means the Internet is

as much about making content as it is about consuming it [86].

There is also a broader question of the relationship between HCI research and the

promise of democratization. Since claiming the inherent democratic nature of tech-

nology has been pointed out as naïve or technosolutionist [138], the application of

these narratives is often narrow [126] and HCI’s vision has yet to come to fruition
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[16], one might wonder if perhaps HCI needs to consider a set of goals other than

democratization. However, Schuler points out how technology is inextricably linked

to human social and political systems, including democracy itself [170]. Democracy

has many forces working against it, so unless technologists are careful and deliber-

ate, technology will likely work against the interest of democracy. Schuler’s view on

democracy, similar to political theorists such as Dewey [59], is that a democratic so-

ciety requires decisions to be made democratically at all levels and democracy needs

to be part of all aspects of life [170], which includes decisions about the production

of technology. While the topic of democratization in HCI research in recent years is

often political and societal in nature, the ideas of democratization can be traced back

to HCI’s foundational agenda of empowering users by saving them from the tyranny

of unusable or frustrating systems [51]. Because technology impacts many aspects of

personal and community life, to truly empower the user, we must continue to figure

out how to design such systems in a participatory and democratic way.

2.1.1 Participatory Design

In order to position HCI’s support of the making phenomenon in the broader

context of democratization in HCI research, I first discuss HCI research agendas for

Participatory Design (PD), which is one of the most prominent branches of HCI

related to the democratization of technology production. Participatory Design aims

to conduct design endeavors in a fertile region “in between” the design world and the

user’s world where both agents have impact over the design [140]. Designers know

that achieving this requires more than just “adding users and stirring” [140] since each

user is different, has different needs, and speaks a different language, so researchers

work to develop different techniques such as story telling and card activities that can

break down the barriers between the designer and user. The foundation of PD was

fundamentally democratic, initially focusing on processes to include people in the

design of systems that impacted them in the workplace [71].
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Bannon and Ehn point out how even mainstream HCI research has largely ac-

cepted the aspects that PD endeavors have argued as important such as the use of

prototypes to bridge gaps in the design process and the belief that the end users

have the right to participate in and drive endeavors that will impact their life [14].

However, they point out how the conditions under which those aspects were first

articulated have changed, which means HCI researchers’ understanding of how to

commit to them needs to be renewed. For example, while early PD was primarily

concerned with creating artifacts, modern approaches to innovation include social

innovation, which is less object-focused. Work is needed to understand how a PD

approach can be appropriated to situations where the activity does not center around

an object [14, 97]. Bødker and Kyng critique the state-of-the-art PD endeavors as

failing to make progress on the “big issues”, pointing out how endeavors often see

achieving participation itself as the “good” of the project, how these endeavors are

typically a-political, and how prioritizing participation limits the technical ambition

to what all participants can conceive of [30]. They draw attention to a handful

of endeavors that embody aspects of a renewed view of PD, one of which was the

Fablab@school.dk project, which brought digital fabrication into the classroom in

response to a needed reform of the educational standards. The incorporation of the

technology involved many stakeholders, including administrators, students, parents,

and educators participatorily exploring what digital fabrication could bring to the

curriculum [30]. Bardzell summarizes additional challenges of PD including how the

designer needs to configure the participation and roles beforehand, which undermines

the extent to which participation is democratic, and how PD efforts are expected to

leave the local participants satisfied, which complicates the ability for the endeavors

to satisfy broader concerns such as climate change [20].

Overall, these challenges of PD remain largely unsolved. While HCI endeavors

continue to work to address them, other HCI endeavors seek the promise of democ-
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ratization in other other ways, such as through supporting the making phenomenon,

as discussed in the next section.

2.1.2 The Making Phenomenon

HCI researchers discuss the making phenomenon as a new way to further research

agendas related to empowerment and democratization. Several authors have explicitly

framed their research on making as furthering HCI’s agenda of democratization and

empowerment since these values are also often discussed in the making world [16, 125,

155, 163, 174]. By studying makers, understanding the “maker ethos”, and spreading

maker empowerment by helping more people achieve maker practices and mindsets,

HCI research makes progress towards goals of empowerment and democratization [16].

In this section, I explore some of those research endeavors to discuss how specifically

these goals manifest in their research, as well as some of the outstanding critiques

of the making phenomenon that limit the extent to which HCI research has made

progress towards the goal of democratization.

One of the reasons HCI researchers focus on the making phenomenon is because

making can be seen as embodying aspects of the democratization of technology pro-

duction. Not only do maker enthusiasts themselves cite democratization as one of the

driving goals of makerpsaces [135], there is also other evidence that aspects of HCI

are reflected in the making phenomenon. For example, we might well recognize many

of the artifacts coming out of Makerspaces as artifacts we would see in CHI or UIST

conference papers (e.g., Internet of Things (IoT) devices for the home or interactive

wearables [56, 61]) [105, 125]. The exciting thing about these devices coming out

of the maker world is that they are the end result of people making things for their

own needs and desires, rather than waiting for someone else to do it for them. HCI

researchers have also pointed out how makers are different from the typical users that

HCI studies: makers are already empowered since they have the mindset towards,

ability to use, and relationship with technology, tools, and materials to make things
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for themselves [163]. The making phenomenon thus represents a glimmer of an em-

powered society engaged in democratized technological practice that HCI imagines

creating [16].

One type of research contribution in HCI towards this agenda is recognizing ways

the making phenomenon embodies this vision of democratization. For example,

Tanenbaum et al. discuss how individual makers exhibit their own types of resis-

tance to the tyranny of typical forms of mass production by choosing to make rather

than purchase and argue that the endeavor of Do-it-yourself (DIY), which was typi-

cally seen as recreational, should be seen as democratized technological practice since

it brings together pleasure, utility, and expression [174]. Hui and Gerber recognize

that makerspaces embody social conditions that would provide opportunities for the

democratization of entrepreneurship [105]. Lindtner et al. and Hui et al. point to

innovations makers are creating that resemble the types of products HCI endeavors

focus on [105, 125].

Tanenbaum et al. ask whether this insight into makers as empowered individuals

who engage in democratized technological practice means HCI design endeavors are

obsolete [174]. They suggest this is not the case since HCI researchers can shift de-

sign efforts to design for creativity, hackability, and mixed manufacture. Roedl et al.

similarly investigate the rhetoric in HCI research around makers, showing how the

emergence of the making phenomenon represents a discursive shift in the subjects

of HCI research from the helpless user to the empowered maker [163]. One type of

agenda that is born from this shift is HCI endeavors that aim to understand mak-

ers and the “maker ethos” for the purpose of spreading maker empowerment [163].

A large body of HCI literature thus focuses on technical design to enable makers,

including the development of digital fabrication tools that embed the knowledge of

the materials, the machines, or of expert fabricators to make fabricating objects with

certain properties or functionality easier [22]. Baudisch and Mueller provided an
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extensive summary of all the work that has been done in this area and the larger

agenda these individual projects are working towards [22]. For example, these tools

might help users fluidly shift between physical and digital representations [80], con-

vert models into interlocking pieces [133], convert models into wireframe for faster

prototyping which can speed up iteration cycles and decrease frustration [139], allow

for incremental printing while modeling [156], design functional chairs by sketching

[167], or easily add interactivity to 3D printing objects [168]. These are all designed

for personal fabrication, considering the experience between one user and the tools

that will help them create the objects they want to make. While not all of these

papers directly cite democratization in the form of access or material empowerment

as goals, they are in line with Roedl et al.’s notion of material empowerment [163]

since they paint a picture of progress in the form of enabling makers to create different

types of artifacts more easily.

So far, this is an optimistic narrative: the making phenomenon embodies a number

of aspects that represent the promise of democratization, so HCI researchers can

pursue HCI’s broad agenda of democratization by designing tools to support makers

and spreading maker empowerment. Roedl et al. take a more critical look at HCI’s

agendas for making, pointing out some blind spots. Like Cooper and Bowers [51],

Roedl et al. performed a Foucaldian Discourse Analysis on HCI papers that study and

discuss makers, aiming to uncover the hidden discursive rules that have influenced

how and why HCI researchers discuss makers the way they do [163]. Roedl et al.

point out that while the treatment of empowerment and democratization in HCI is

typically rather a-political, the discussion of makers as empowered subjects is actually

a rather significant challenge to prior discussion in HCI research of the “naive user”

[163]. Roedl et al. also point out how makers do some things that in HCI research are

typically not seen as positive such as re-appropriating tools for other uses. They point

out how HCI researchers tend to design for specific use and if the users do something
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unexpected, that indicates failure on behalf of the designers since it shows they did

not study the users closely enough to know their needs and design something that

did not need re-appropriation [163]. To argue that re-appropriation and other maker

activities should be a matter of concern and an object of study in HCI, “authors

have repeatedly positioned maker culture within a narrative of democratic populism

and technosocial progress” [163]. Roedl et al. point out how this rhetorical strategy

adopted by HCI authors to legitimize the study of making within HCI is strikingly

similar to the one that Cooper and Bowers pointed out that HCI researchers used

in the beginning to legitimize itself as a field [163]. Both use empowerment and/or

democratization as the broader narrative to justify certain endeavors. While HCI

research in general has evolved beyond the framing of users as helpless in order to

justify HCI research, as evidenced by the study of makers as empowered subjects in

HCI, HCI research on making is younger and has not moved very far beyond the

narratives it used to legitimize the study of making.

Roedl et al. go on to discuss some specific blind spots in HCI research on making.

There are two types of maker empowerment: 1) material empowerment, where makers

have the ability to shape materials and use tools to accomplish various goals and 2)

socially progressive empowerment, where makers embody democratic attributes such

as open source and resisting consumer culture [163]. Roedl et al. also point out

that while some HCI researchers discuss both of these types of empowerment, HCI

overall typically considers democratization and empowerment in a rather apolitical

way, which allows HCI research to “continue to portray itself as contributing to social

progress through technological development in support of makers while sidestepping

the need to consider structural socioeconomic issues or engage in controversial public

debates” [163]. In other words, by focusing on material empowerment by building

tools for makers and limiting the definition of socially progressive empowerment to

aspects that mostly concern individuals, such HCI research has a blind spot to larger
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problems such as how the making phenomenon is entangled with corporate interests

and designed obsolesence, which complicates the narrative of making as a sustainable

alternative to mass production. Roedl et al. admit that there is a growing number

of critical perspectives on making, and that number has grown since their paper was

written, but that the “energy” with which research endeavors take on the material

dimension is much greater than the political aspects of the social dimension [163].

Similarly, Bardzell et al. group critiques of making around three main issues: 1)

how spaces fail to live up to their claimed values of inclusion, 2) technosolutionist

ideas that the technology associated with a makerspace itself will solve problems, and

3) how narratives of making tend to be based on Western-centric ideas of democracy

[16]. While a common value and promise of making is being “radically inclusive”,

some researchers and community members have pointed out that many do not live

up to that promise [9]. It is not enough to simply claim to be open to anyone and

expect democracy to emerge [9]. Gershenfeld et al. discuss the promise of Fab Labs

to transform society, but note that for the technology to achieve that promise, there

is much societal infrastructure that must be put in place [88]. They point out that

in past technological revolutions in communication and computation, the technology

makes leaps and society struggles to catch up, meaning that inevitably, the great

promise falls short. Technology will not drive social change, but it can be leveraged;

technology and society should be envisioned and shaped together. Lindtner et al.

similarly discuss technosolutionism in making, using examples of individuals who

have been empowered through making, though it was more than just the tools that

instigated that empowerment [123].

Overall, as Bardzell et al. point out, HCI’s agendas for the making phenomenon

are entangled waves of optimism, criticism, and new informed optimism [16]. The

informed optimism does not express that making will solve things for us, but that

making can be leveraged to achieve the vision of democratization. The outstanding
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problem is that we still do not know how to work towards that or know what it looks

like. In the next section, I summarize some of the HCI endeavors that have made

progress towards the promise of democratization with these critiques in mind.

2.1.3 Contributions in HCI Towards the Democratization Agenda

A number of HCI endeavors have sought to take these critiques in mind and make

new types progress towards democratization. I summarize these examples, primarily

focusing on the making phenomenon or other user-driven innovation, that explicitly

engage with the concept of democratization to illustrate what an HCI contribution

that makes progress towards democratization might look like. In general, Bardzell

et al. suggest adopting a number of new HCI research agendas in making towards

democratization including considering social justice more directly, exploring alternate

making ecologies, and engaging with more precise definitions of words that are used

as rhetoric.

One type of contribution to the agenda of democratization involves investigating

various sites of participation to ground the concept of the democratization of tech-

nological production in practices that are emerging. For example, Freeman et al.

study indie game developers to understand an understudied category of user in the

context of end-user innovation: the “middle-tier pro-amateur” user, who is neither a

top-down innovator, nor a bottom-up hobbyist [82]. They illustrate how understand-

ing the democratic practices of this type of user when they work in small teams can

help the broader pursuit of democratization by drawing attention to how nuances

in democracy-related behaviors, such as how decisions are made in the team, affect

successful innovation.

Lindtner et al. and Bardzell et al. also perform long-term ethnographic work in

Taiwan, China, and Indonesia to understand alternate narratives around and practices

of making [21, 126, 123]. For example, Lindtner et al. point out how citing the promise

of democratization in the context of making imposes a Western narrative as though
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it were universal [123]. Their ethnographic work seeks to “reconstitute the utopian

vision of making” by understanding what making means to people in Taiwan and

China [123]. They use glimmers of those narratives to “speculatively imagine” visions

of the future of making without relying on Western notions of democracy, access, or

individuals [123]. The end result relates to democratization in a way: they suggest

that the making phenomenon in Taiwan functions as a “workshop for discovering

ways that a democratized technology can contribute to a social vision of a lasting,

self-sufficient, and sovereign society, yet divided, even extremely divided, on what

that vision should entail and how to bring it into being” [123]. However, the authors

“de-center[ed] [their] own HCI theoretical predispositions as Western academics” to

get to that point. Like Freeman et al. [82], one of their contributions is in the form of

drawing attention to how making practices relate to democratization in different ways

or using making practices to articulate new visions of making. However, Lindtner et

al.’s primary contribution is the suggestion that HCI researchers need to similarly

de-center their expectations and positionality to make progress towards less narrow

conceptions of democratization.

Similarly, Lindtner et al. suggest other techniques for HCI to understand forms

of democratic participation that it would otherwise miss due to assumptions about

what democratization looks like [124]. They position these suggestions in relation

to a paradox of intervention: Some democratizing endeavors in HCI start small and

intend to scale up, but often the politics at the small scale are so small that they are

barely noticeable. Other democratizing endeavors in HCI attempt to start large, but

run into the problems that come with attempting to solve complex social problems

with technological solutions [124]. Lindtner et al. thus offer three analytic strategies

from feminist and critical theory for HCI researchers to use: “noticing differently”,

“walking alongside”, and “parasitic resistance” [124]. Noticing differently, for example,

means “to acknowledge and simultaneously step out of familiar frames of reference”
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and parasitic resistance happens when someone is “dependent on a host yet pursues

independent goals, including goals that go against the interests of the host”, which

offers an alternative to the limiting narrative of the individual lone “countercultural

hero” [124]. These techniques can be used to shed light on forms of democratic

participation that we might not otherwise recognize.

Björgvinsson et al.’s contribution to HCI’s research agenda of democratization is

a new definition of democratization, based on a critique of von Hippel’s innovation-

based definition of democratization as the ability for individuals to create novel prod-

ucts before the industry can [28, 187]. Björgvinsson et al. study the activities of

Malmö Living Labs, a long term open-ended participatory endeavor which conducts

“design experiments” and “attempt[s] to connect disparate parts of the city and to

build bridges between groups and competences,” focusing more on infrastructures

than objects and more on the less tangible aspects of innovation [28]. Based on their

interpretation of these activities, they argue for a different definition of innovation,

which is not about the ability to create objects, but rather about the possibility to

create infrastructures that have value to the people who are participating [28]. Over-

all, their contribution is a suggestion to shift the focus of democratizing efforts from

the product to the infrastructure. Green and Kirk study the dynamics of the maker

network in the entire city of Newcastle, UK and similarly suggest that a focus for

design should be supporting infrastructure to support interconnectedness at such a

scale [91].

Tanenbaum et al. also offer a contribution in the form of a new definition of

democratized technological practice, arguing that democratization needs to provide

opportunities for pleasure, utility, and expression, not just one of those aspects and

that HCI researchers pursuing democratization need to be sure to consider situations

from all of those angles [174].

In line with a call for HCI researchers to adopt more robust definitions of democracy



27

[16], another type of research contribution towards democratization uses formal no-

tions of democracy as a guide or a lens for analysis or endeavors. For example, Lodato

and DiSalvo use Dewey’s notion of publics to distinguish between different kinds of

hackathons [128]. While some hackathons orient themselves with social issues, there

is rarely the opportunity for publics to form, which would be an indication of real

civic action. They say the benefit of such issue-oriented hackathons is the material

participation. Their work illustrates the use of political theory to shed light on the

more political aspects of participation in particular making-related spaces. Le Dan-

tec et al. aimed to broaden participation in technology in a way that “goes beyond

simply increasing the rolls of technology users”, but rather to engage with a notion of

democratization that “involves bringing different social groups into discourse about

technology, its place in society, and its potential for enabling action, facilitating con-

nection, and providing access to information” [119]. They describe their engagements

with two publics, the homeless public and the care provider public, exploring the

boundaries and relations of the publics in the context of the design of a community

resource center. While this represents commendable engagement with political theory

and benefits to the local participants, Lindtner et al. cite Le Dantec et al.’s work as

an example of an endeavor that takes place at a scale that is so small, the politics are

hard to see [124].

Many of these contributions are generative in that they do not fully answer the

question of how HCI researchers should pursue the promise of democratization, but

rather provide suggestions for how HCI endeavors should adjust the way they engage

with or look for democratization. This dissertation ultimately contributes something

similar: suggestions about underlying assumptions HCI researchers make that get in

the way of the promise of democratization being fulfilled.

This literature also reflects a gap that prompted this research project, particularly

the lack of insight about what makers or makerspace leaders could do to better align
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with HCI’s vision of democratization. One thing that is missing is a way to consider

the theory of democratization during the practice of making and the practice of

makerspace leadership. Understanding different types of participation and democratic

endeavors related to making have already emerged in other places does not necessarily

provide direct guidance on what should be happening in a different place. I reflect

more on the need for this type of guidance in Chapter 3.

2.1.4 Other Mentions of Democratization

For completeness, I highlight other ways the concept of democratization manifests

in HCI research.

Technology Enabling Democratic Society - A more political notion of democrati-

zation and technology involves considering how technology can contribute to a more

democratic society and more participation in democracy. More of these discussions

happen outside of HCI, for example in the work by Habermas [92] and Ess [76]. HCI

endeavors in this area have focused on the design of platforms for dialogue [132],

negotiating perspectives surrounding a particular issue [54], studying patterns of use

of social media [118, 137], the formation of publics and allowing for collective action

[110], and how technology contributes to threats to democracy such as the spread of

fake news [79].

Some have pointed out how doing work in this area, particularly in the form of de-

sign and intervention, is rather difficult for HCI researchers given the type of knowl-

edge and nature of the effort required to make these things happen. Joyojeet Pal

discusses design for democracy and other HCI research that brands itself as in line

with the “CHI4Good” tagline or with goals of “leveling the playing field” [152, 153].

Pal points out how issues that are tackled in design-for-good hackathons are much

more complex than is communicated and traditional HCI methods need to be adapted

and expanded to be able to tackle these problems.

Access to a skill - In many instances, democratization is synonymous with access
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to a certain skill. In these cases, technology is seen as a mediating factor in providing

that access, or democratizing that skill. For example, Tao et al. designed a system

for creating self-folding structures, with the title of their paper being “Demonstrating

Thermorph: Democratizing 4D Printing of Self-Folding Materials and Interfaces”

[175]. Interestingly, the word democratization only appears in the title, nowhere else

in the paper. In fabrication and making research, the term is also often used in this

way meaning access. Baudisch and Mueller present an extensive literature review on

advances in research on fabrication and points out how digital fabrication “holds the

promise of democratizing a whole range of fields preoccupied with physical objects”

[22]. In this case, the claim is that digital fabrication provides people access to skills

that were typically difficult to obtain and thus the ability to participate in many

different domains. Another HCI endeavor aims to give users tools such as Scratch,

Kodu, and Etoys that enable them to participate in the production of digital media

[159]. All of these endeavors that fall under the umbrella of democratizing access to a

particular skill focus on skills related to technology and media. So while the authors

do not explicitly frame them under the umbrella of democratizing the production of

technology, they are arguably implicitly part of that same agenda.

2.2 HCI Research on the Making Phenomenon

While considering the maker as an already-empowered end user and the makerspace

as a site of democratized technological production may have legitimized the study of

the making phenomenon in HCI, and while many of HCI contributions on making

cite these broader agendas, there are other outcomes and goals in HCI research on

making. I summarize some of those here. While this dissertation primarily focuses

on studying the making phenomenon as it relates to democratization, it also makes

contributions to some of these other areas.
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2.2.1 Understanding Makers and Making

A number of HCI endeavors seek to understand makers, their practices, and the

interactions that happen in makerspaces. These endeavors fit into a number of dif-

ferent broader HCI agendas: 1) Identifying opportunities for the design of tools or

experiences, which is a common format for HCI research through design endeavors.

Some of these design opportunities also contribute to the second agenda, 2) Spreading

democratization by empowering makers or broadening participation in making and,

3) Identifying opportunities for HCI researchers to adopt aspects of maker practice

as an upgrade to how HCI researchers conduct design.

Towards these agendas, HCI researchers have looked into use cases of these spaces,

finding a wide range of practices such as entrepreneurship [9, 105, 125], IKEA hacking

[165], DIY assistive technologies for others [106], and use as a social space [9, 42].

Many makers are drawn by the desire to help people or “do good” and participate in

activities such as 3D printing prosthetics for children [154]. Kuznetsov and Paulos

conducted one of the largest surveys of makers, studying participants in online sharing

communities, to understand their practices, motivations, and values [115]. They

found, for example, that some of the top motivations for contributing to projects

online included self-expression, learning new skills, personalizing things, and solving

problems [115].

An example of studying makers in order to understand how to cultivate those qual-

ities in others is Hartmann et al., who describe how hackers tend to combine different

hardware and software components to create “mashups” and often use hot glue to

combine components rather than designing clean dove tail joints from the beginning

[94]. They characterize this type of design as “opportunistic” since it involves incorpo-

rating existing artifacts and they suggest opportunities for HCI design to support such

acts such as helping Makers switch fluidly between styles of Making [94]. Similarly,

through observation of makers exhibiting these behaviors, Bardzell et al. developed
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an understanding of adhocism as solving problems and making adjustments when

they arise as opposed to starting with a full plan and executing it [17]. They suggest

that perhaps helping non-Makers cultivate an adhoc attitude could be a source of

empowerment [17].

An example of an HCI endeavor that aimed to find opportunities for design is

Hudson et al., who investigated a group of people they call “Casual Makers”, who

are people who use walk-up-and-use 3D printing services at places like libraries [104].

They wanted to know the workflows, challenges, and motivations of this group of users.

They found that there were common misconceptions such as 3D modeling unprintable

objects and that the casual makers had a heavy dependency on the staff of the 3D print

centers, even though the staff tend not to be highly trained in digital fabrication either

[104]. They suggest a few considerations for designers to incorporate into the design

of 3D printing tools such as to integrate 3D modeling with 3D printing workflows

and to integrate more expert knowledge into the software [104]. Bousseau focuses on

how novices sketch and prototype artifacts by hand in a controlled design setting [33].

They observed that the novices utilized a wide range of sketching techniques and spent

a lot of time manipulating the physical materials. From this, they suggest a number

of design principles for CAD software for novices such as helping novices understand

fabrication challenges and nuances [33]. Makerspaces also present opportunities for

HCI researchers to explore the design of systems to support situational awareness.

Stark et al. drew on literature on novice makers along with interviews with expert

makers to design a system to support makers in real time [172].

One thing that is notable from this body of literature is that while there are plenty

of mentions of the promise of making at a societal level [105], there are few studies

of making at a broad scale. Most endeavors focus on the depth and nuance within

a makerspace or individuals. One of the goals of this dissertation was to bridge the

gap between the broad societal promise and local individual maker practices.
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2.2.2 Critical Understanding of Making and Addressing Critiques

As discussed above, making is critiqued as being technosolutionist and not as

broadly inclusive as promised. I discuss how HCI researchers have sought to un-

derstand making in a way that draws attention to alternate narratives, calls into

question dominant narratives that have been pointed out as problematic, and sheds

light on ways making can be emancipatory.

Some researchers explore alternate making experiences, for example that combine

digital and physical making to expand making such that more diverse gender iden-

tities can relate to it [114, 39, 113]. Many of these target the tools and materials,

pointing out that electronics can be perceived as gendered and more readily adopted

by masculine identities [9]. In addressing what other barriers might bar women from

entry, Toupin et al. and Toombs et al. both indicate that it is not a lack of skill, but

rather structural, psychological, or cultural differences that make women less likely

to show interest in Makerspaces than men [182, 181]. Solutions to this bias and to

broadening participation sometimes involves expanding the materials offered by the

makerspace to include non-electronic materials [90] or creating experiences that use a

hybrid of textile crafts with electronics to disrupt both masculine and feminine maker

identities, inviting a new way of identifying with the experience [101, 38].

HCI research has also focused on understanding how making relates to identity.

Whelan points out how the identity “Maker” is easier for some to connect to than

others due to gendered technological practice [189]. They point out that while Make

was meant to include all forms of Making, it tends to favor more technological prac-

tices, thus de-legitimizing the inherent difference in feminine technological identities.

They suggest that advocates of Making move away from the “identity-centric rhetoric”

[189]. Fox et al. study self-identified Feminist Hackers and the Feminist Hackerspaces

they created [81]. Most notable was the way they chose the technologies that would

go in the space, for example, choosing weaving and other non-technical tools that tend
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not to be associated with hacking. What this does is it provides access and recogni-

tion for these feminized tools by framing them as “hacking culture, not devices”, i.e.

hacking the notion of what does and doesn’t count as hacking [81]. Toupin also in-

vestigates the relationship between Feminist Hackers and the Feminist Hackerspaces

in which they reside [182]. They find that the Hackerspaces and their “boundaries

offer both safety and a platform for political resistance” [182]. Marshall and Rode

critique both Fox et al. [81] and Toupin [182] for having a heteronormative and binary

notion of technical gender identities, with the feminine identity as being inherently

non-technical [131]. They suggest deconstructing gender identity based on the Socio-

Technical Gender Model for the Co-Construction of Gender and Technical Identity

by Rode and Poole [162] and that doing so would allow room for non-binary gender

identities [131].

None of these examples, however, has shed light on a holistic or systemic way to

address the critiques of making as being exclusive or concrete guidance for makerspace

leaders.

2.2.3 Makers and Designers

While the making phenomenon and the field of HCI are separate entities, there

are often ways in which the bounds between specific practices or mindsets in the

two domains are not well-defined. For example, HCI researches have found evidence

of elements of design thinking in makers. Desjardins and Wakkary summarize the

notion of everyday design, which is about how everyday people can be engaged in

aspects of design as they use tools and objects around them creatively [58]. These

individuals are often the subjects of ethnographic studies conducted to understand

how HCI researchers can design systems that support these non-expert designers in

their practice [53, 58, 177, 179].

Thanapornsangsuth has students who were new to making participate in formal

need-finding and design with the goal of having them see making as something they
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can use to help people [178]. Bowler and Champagne present a set of questions

that can help makers be more mindful or critical about their practice [34]. In my

past work, I studied volunteer makers who create prosthetic devices and found ways

Human-Centered Design and Participatory Design would be helpful practices for the

makers to adopt [150].

In addition to looking at ways makers engage or might engage in activities that

resemble design, HCI researchers have also considered adopting aspects of maker

practice themselves. For example, Kuznetsov and Paulos, who extract a set of values

that the expert amateur lives by (open sharing, learning, and creativity over profit

and social capital) and suggests considering embedding these values into other every

day practices and suggests HCI practitioners work closely with this group of expert

amateurs. They hope that their work “serves to import DIY culture into CHI and

vice versa” [115]. A panel at CHI on research agendas for Making poses the question

of how Making can inform HCI practice explicitly, asking “How does DIY making and

hacking affect HCI practice?” and “How can we better include making approaches

into HCI education beyond just its deep engagement with physical materials and

hardware?” [11]. Much of the literature discussed in Section 2.2.1 could also similarly

fit into this HCI agenda of learning about the making phenomenon in order to adopt

aspects as part of HCI research and design practice.

This dissertation contributes to this area of understanding ways that practices

within the making phenomenon and formal HCI research and design endeavors are

not completely distinct. Specifically, the concept of Human-Centered Making is a

particular type of making context or endeavor that embodies some of the values of

HCI research and design endeavors. My contributions in this area include the defi-

nition of the concept, empirical investigations of how these values manifest in maker

mindsets and practices, insights about the conditions under which these mindsets and

practices might emerge, and discussion about whether promoting or reflecting on the
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presence of these mindsets and practices is helpful towards the broader agenda of the

democratizing technology production.



CHAPTER 3: THEORY CONSTRUCTION

In this chapter, I describe how I constructed the definition of Human-Centered

Making (HCM) and the Normative Theory of Human-Centered Making (NTHCM).

This project was grounded in my experience as a makerspace leader and aimed to

provide a specific type of guidance I needed. To illustrate the gap this theory aims to

fill, I begin by discussing some of the dilemmas and questions I faced when starting

and running a university makerspace. These reflections are reflexive in nature as my

main goal was to address some of the critiques of the making phenomenon as being

exclusive and technosolutionist, but I needed to consider my own standing in relation

to the making phenomenon: what is within my domain of control and responsibility?

What is at my disposal for design? In what ways can I intervene? In the first part

of this chapter, I discuss how I came to ask these questions and what lead me to the

conclusion that I needed to intervene in the making phenomenon, as well as why it

was unclear how to do so.

I then discuss how I decided to develop a normative theory, the Normative Theory

of Human-Centered Making (NTHCM), that calls for a shift in values in the making

phenomenon. The normative theory aims to guide makers and maker leaders towards

mindsets and practices that are more likely to contribute to making’s overall promise

of democratization of technology production. The NTHCM provides this guidance

in the form of calling for a shift in values towards particular values from the field of

HCI.

To derive the NTHCM, I read literature on democratization and empowerment

and chose relevant criteria that would constitute a definition of democratization. I

then used these criteria to discuss prominent values in the making phenomenon that



37

seem to be in the way of these criteria being fully met. I use these values from the

making phenomenon to reflect on HCI research and practice and suggest alternate

complementary values. These two sets of values form the basis of the definition of

HCM and the NTHCM, which I discuss and provide examples of.

I draw upon several methodologies in this chapter. I first draw upon reflexive

ethnography [161] to articulate the motivation behind this research, specifically using

my experience as a makerspace leader to shed light on a need for research about a

certain type of guidance for makerspace leaders. The construction of the NTHCM,

which aims to fill this gap, in some ways follows a trajectory similar to Lindtner et

al., whose research agenda was working towards a new articulation of the utopian

vision of making [123]. Lindtner et al.’s work consists of two components: a critique

of the present to reveal challenges and opportunities as well as an anticipatory design

approach that involves projecting what the future could look like through glimmers

that are evident in fragments of the present. The NTHCM is grounded in a critique

of the present, based on values that are prevalent in the making phenomenon and

an argument that when these values are all-encompassing, they prevent the criteria

for democratization from being fulfilled. The NTHCM also represents glimmers of

a better version of the making phenomenon that were derived by looking to HCI

research and practice for alternate aspects to augment or complement the aspects of

the present that were critiqued earlier. In the following section, I present a reflexive

narrative from the perpsective of a makerspace leader and use the conclusions to jus-

tify drawing from HCI research and practice as a source for such glimmers. However,

I also reflect on the broader implications of the assumption that aspects of HCI re-

search and practice are the answer to the challenges of the making phenomenon in the

discussion chapter (Chapter 8). Lindtner et al.’s methodology is appropriate broadly

because they had some of the same goals I had in terms of articulating how the rela-

tionship between the broad promise of making aligns with local maker practices and
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mindsets.

3.1 The Need for a Theory to Guide Maker Endeavors Towards Democratization

I here reflect on my experience as a maker leader wanting to develop a makerspace

such that it would be more inclusive and how I came across the concept of democra-

tization as a broad goal to align our makerspace with.1

When I began assisting with setting up and running a university makerspace in

Spring 2016, I approached the project as an outsider to the making phenomenon.

While I had experience with various types of making and digital fabrication technolo-

gies, I had no direct experience with makerspaces. I continually had a sense of not

quite relating to the rhetoric of “everyone is a maker” [44] or the box-like identity of

“maker” [189]. I was, and continue to be, in the unique position of being in a lead-

ership position for a space that I would probably not have otherwise found myself

in. Perhaps I was ignorant of the potential for makerspaces that only visionary early

adopters could see or perhaps my hesitations were justified by critiques such as how

the Maker Movement is more of a brand and corporate endeavor than a movement

[24]. I was intrigued and excited by the potential, however, I was also sensitive to

the critiques discussed in Chapter 2 that makerspaces were not as radically inclusive

as promised and I did not want to similarly make assumptions that the makerspace

itself would drive social change [16]. My takeaway from the critiques of makerspaces

as being exclusive due to legacies of racism and sexism in technological spaces was

that the culture of the space needed to be broadened, however I was not sure what

that would look like or how to broaden the culture. A driving question throughout

my time with the makerspace was thus, “What is supposed to be happening here?

What broader promise should we align our space with and how do we move towards

that promise? ” In other words, the question was “Where are we going? And how do

we get there? ”
1Some passages in this section have been quoted verbatim from my published work [151].
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I began the makerspace project by immersing myself in online maker communi-

ties to understand what the making phenomenon was all about, acquiring tools and

materials, and developing policies and training materials. While each makerspace

has a slightly different equipment profile, we decided on a fairly standard set of 3D

printers, laser cutter, sewing and digital embroidery machines, desktop CNC router,

e-textiles, and microcontroller electronics. When the space was open, we had student

staff members present to oversee activity in the space. Anyone from the UNC Char-

lotte community was welcome to get trained on the machines and make anything they

would like.

Our initial goal was to create an open-ended space that was open to students,

faculty, and staff from all departments for creativity, collaboration, informal learning,

and community. We saw opportunities for the space to foster informal exploration

of concepts introduced in formal education such as tangible interaction design or the

Internet of Things (IoT). We figured many of the use cases would emerge and it

would become clear over time what particular purpose the space would serve in the

university context and society at large. We saw our role as makerspace leaders to

be understanding that emerging purpose and supporting and fostering those types of

endeavors. In other words, we imagined we would frame the practice and promise

of making based on what activities we saw emerging, and use that understanding to

guide our actions as leaders of the space.

As the space became more established, it did not become clearer what purpose

the space could serve within the university or society at large. A collective purpose

connected to the promises of making did not seem to coalesce. Many of the emerging

use cases of our makerspace were one-off personal projects such as a gift or a laptop

stand, download-and-prints, and students using the space as a homework hangout

spot. There was nothing wrong with any of these endeavors, but they did not shed

light on the potential for the space or shed light on what we, as makerspace leaders,
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should do to develop the space and the community. I also observed that only a narrow

population of students had made their way into the space based on demographics and

discipline, indicating that our space was privy to some of the barriers to participation

that were commonly discussed in the literature. If we were to continue to let the

space operate in an open-ended free-for-all where we open the doors and let anyone

do whatever they would like, these trends would be unlikely to change.

Our space structured a number of endeavors to encourage engagement and to help

people realize the possibilities. For example, we ran workshops where participants

could learn skills such as 3D modeling or sewable electronics, complete small projects

such as an embroidered bag, or get an introduction to a machine such as the CNC

router. Our space was approached by schools, camps, and other events, so we de-

veloped an educational component to bring making to others and we invited mak-

erspace participants to help lead those activities. The student staff working in the

space were encouraged to express excitement in projects and facilitate connections

or collaborations as appropriate. One-on-one equipment training sessions afforded

the opportunity for staff to tailor their introductions to new makerspace participants

based on their interests.

A number of community-led endeavors did emerge that the space supported and I

tried to use as guideposts in our own framing of the space and how I communicated

it to others. The most notable was a student-led organization centered around 3D

printing prosthetic devices for children with limb differences. This organization was

highly active, brought a new population into the space, and grounded a way for me

to frame the makerspace in terms of “enabling student groups that are helping the

broader community”. However, I was unsure of how to further operationalize that

idea or develop the space towards fulfilling that kind of promise.

In a different approach, I turned to the HCI literature on making, where it is com-

mon to frame making as a mechanism of democratizing technology production and
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empowering individuals and communities [16]. One of the examples of this promise

cited in the HCI literature is how makerspaces enable anyone to create IoT devices

for themselves, which is typically a task that is reserved for researchers or designers

[125]. Makerspaces enable individuals to create these customized devices for them-

selves rather than needing HCI researchers or designers to design for them. This

example from the literature provided one possible answer to my questions about

what is supposed to be happening in the makerspace and what broader promise we

should align our efforts with. Specifically, this suggests that the promise of making

is the democratization of the ability to create personalized devices. An example of

this promise in practice is makers creating customized IoT devices for themselves.

For me as a makerspace leader, this meant our immediate actions should encourage

and support this particular use case. This was a satisfying answer to the question

about the practice and promise of making at the time, but as I describe next, left me

with new questions about how I should move forward with guiding the makerspace

to better fulfill that promise.

I had not yet observed anyone making IoT devices in our space, but students I talked

to seemed excited about it. Our makerspace had an abundance of the required tools

and materials, but I thought we might need some workshops, tutorials, or examples to

help people realize what is possible, in line with one of Schneider et al.’s definitions of

empowerment [169]. As I was conceptualizing what these workshops might look like,

I turned to HCI literature to understand what the possibilities were and to see if there

were some big ideas I could leverage to inspire the students. Also, since HCI literature

emphasizes the shift in who creates IoT devices from HCI researchers and designers to

makers [125], then understanding the scope of conversations in HCI literature around

the topic seemed like a reasonable place to start. Unsurprisingly, the HCI literature on

IoT contained a mixture of technological innovations, novel interactions, and critical

research pointing out some of the concerns or nuances to be aware of when creating
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always-on devices for the home. For example, a 2016 DIS workshop proposal pointed

out that despite the promise of IoT to promote holistic benefits to humans, there

are many dangers and pitfalls and aimed to explore how we can “challenge, preserve

or promote human values” in IoT [186]. Privacy and security are known concerns

with IoT and are difficult for researchers to tackle [188]. Lingel argues that the way

IoT technologies are typically conceived is unconfigurable and rigid - and suggests

drawing on insights from how craftspeople configure their homes to think of IoT in a

more configurable, flexible, and responsive way [127]. Other important considerations

for IoT include specific requirements of devices for survivors of domestic abuse and

concerns regarding privacy breaches surrounding intimate devices [120, 191]. As a

makerspace leader who shares these values and concerns of HCI researchers, I was

left wondering how I should introduce IoT to the makerspace.

This realization led me to the following conclusion: If our makerspace was go-

ing to work towards making’s promise of democratization in part by encouraging

makerspace participants to explore the possibilities of IoT devices or other such tech-

nological innovations, we also had a responsibility to ensure they fully consider the

human experiences that these devices knowingly or unknowingly engender. In other

words, if our makerspace was going to align with the narrative of how the making

phenomenon democratizes technological production, there should also be HCI mind-

sets and practices embedded in the fabric of our makerspace and related activities.

If “democratizing technological production” is the answer to the question “Where are

we going?” or “What broader promise should we align our efforts with?”, then one

of the answers to the question “How do we get there?” is that we encourage makers

to create IoT and other such devices, and the implications of that answer is that we

also need to bring consideration for the human experience in with those activities.

Figure 3.1 and Figure 3.2 illustrate what happens if we continue to focus on the

narrative often discussed in HCI literature that makers are already participating in
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Figure 3.1: HCI researchers suggest that makers are creating similar devices for them-
selves that HCI researchers and designers used to create for users, which means a new
endeavor for HCI research is to shift to designing tools that enable makers to create
these artifacts [163].

democratized technological practice only from the perspective of the artifacts they

are creating. If we instead think about the difference in process, mindset, and prac-

tice between the makers and the HCI actors who might have focused on those same

devices before, we realize the devices from HCI systematically embody and embed

consideration for the human experience, while analogous endeavors in the making phe-

nomenon might embody some of these considerations, but not systematically (Figure

3.2). This idea resonates with Carroll and Kellogg’s argument that artifacts in HCI

embody psychological claims and theories [43].

However, it was unclear how we might incorporate this HCI-like perspective in our

makerspace– Would our guided workshops follow a human-centered design process? It

was also unclear what that meant for our role as makerspace leaders– To what extent

would I be overstepping my bounds by attempting to influence makers’ mindsets and

practices? To bring HCI mindsets and practices into the maker world, I would have
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Figure 3.2: I suggest that noticing differences in processes in HCI practice and the
making phenomenon sheds light on differences in the considerations embodied in the
artifacts.
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to change from being a peripheral facilitator of a free-for-all space to something more

deliberate and involved. While taking on this new role would be in line with Bardzell

et al.’s call to the HCI maker research community to “prototype alternate maker

ecologies” and make a more serious commitment to social progress [16], I encountered

a number of tensions and power dynamics that I was not sure how to reconcile. For

example, if our makerspace were to commit to any one definition of social progress

(such as taking the human experience into account when creating IoT devices for the

home), that would inevitably de-value certain endeavors in the space. However, with

no commitment to social progress, the makerspace is already de-valuing endeavors

that are invisible within the current value system and running the risk of endeavors

in the space leading to negative consequences. In Chapter 1, I noted how some of

this work was influenced by an underlying feminist sensibility, and this is one of those

places where that perspective manifests. A feminist stance paradoxically not only

calls for an intervention to advocate for those who could be participants in making

phenomenon and for those impacted by the things makers make, but also suggests

that those in power should not impose a singular viewpoint on others. I was conscious

of my position of power as a leader of the makerspace, but I did want to move the

space towards the goal of democratization. This shed light on the need for guidance

for makers and makerspace leaders on how to align their efforts with the promise of

democratization. In other words, if our makerspace was to accept “democratization”

as the answer to “Where are we going?”, then we would need something to guide our

immediate actions towards that promise.

3.1.1 Deciding to Develop a Normative Theory

I decided to develop a mechanism for guidance for makers and makerspace leaders

in the form of a normative theory. A normative theory states how things should be or

states considerations to keep in mind when moving forward, while a descriptive theory

describes how things are or how they were. An example that shows the difference
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comes from decision-making, where a normative theory guides the ideal decision to

make in a given context based on the preferable outcome and a descriptive theory

captures the decisions that people typically make [25]. A normative theory of design

points designers to an ideal process, principle, or method they should employ to result

in a better design. An example of a normative theory of design from the domain of

architecture is a set of tenets of good design for houses from Frank Lloyd Wright, such

as not subdividing a house into too many rooms [116]. Normative theories might be

in the form of design patterns or design objectives [116] or something else. Implicit or

explicit in any normative theory is a set of criteria that the normative theory fulfills

better than another theory or the absence of the theory.

While research outcomes in the field of HCI are not typically in the form of nor-

mative theory, the premise of a normative theory is not far from typical HCI research

contributions. HCI contributions are often in the form of design principles or impli-

cations for design, which are intended to guide future designers in particular design

endeavors and design principles in general are common in HCI [66, 164]. Naturally,

these design principles are normative in nature since they tell what should be done.

A normative theory is more formalized and generalized.

Makers are not necessarily participating in formal design endeavors. However,

they are participating in endeavors that in some ways resemble design, as discussed

by Desjardin et al.’s notion of the “everyday designer” [58]. While makers are unlikely

to be interested in a formal normative theory, there is evidence of makers explicitly

discussing claimed values and navigating tensions relative to their endeavors [180],

so it is possible that suggesting different values to align with could be impactful.

Makerspace leaders are also not participating in design endeavors. However, there

are many ways the process of setting up a makerspace resembles a design endeavor

and could be informed by types of guidance that designers adopt such as a norma-

tive theory. While there is guidance for makerspace leaders such as the makerspace
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playbook [98, 4], most of these resources focus on the equipment profile, policies, and

safety guidance.

I decided the normative theory would take a value-based approach by focusing

on different values that could be embedded in practices and mindsets rather than

on processes of making themselves, since making involves so many different kinds

of processes. Makers tend not to be guided by theories, though they are perhaps

guided by values, as Toombs et al. points out many ways makers explicitly and

implicitly negotiate values [180]. Making-related processes tend to result in artifacts,

while values are broader and application of values can result in artifacts, initiatives,

experiences, or other types of outcomes such as care [181]. The focus on values was

also inspired in part by Value-Sensitive Design, a design method that ensures values

are explicitly discussed and taken into account at all steps of the design process [83].

Value-Sensitive Design involves conceptual and empirical investigations of values to

consider the implications of aligning a design with a particular value on both direct

and indirect stakeholders. Since some of my concerns with democratization in making

had both to do with direct stakeholders such as potential makerspace participants

who face barriers to entry and indirect stakeholders such as the communities who are

impacted by the artifacts that makers create, this also made Value-Sensitive Design

appropriate to align with.

Another factor in my decision that the normative theory would take value-based

approach was how imagined HCI would engage with the theory. Since many HCI

endeavors support makers by designing tools or experiences, HCI researchers could

use the theory to design for and promote certain values in the making phenomenon.

The majority of the supporting evidence for the theory is theoretical rather than

empirical. When providing support for a normative theory, one approach is to explic-

itly establish and justify criteria that will be used to compare the proposed theory

against a different theory [141]. In the case of making, there are no existing normative
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theories about how makers or spaces for making should operate or the values they

should align with. While there are many studies that look at what is happening in

the making phenomenon, the contexts studied (and perhaps the maker phenomenon

as we consider it) are far too heterogeneous and none of this work has converged on

any descriptive or normative theories as of yet. I will thus use the normative criteria

in a theoretical argument that discusses manifestations of the different values in real

or hypothetical HCI practice and making contexts. Given the NTHCM calls for a

shift in values rather than a specific design process, the locus of the outcomes of the

application of the theory range from an individual’s act of making to a new type of

maker ecosystem.

My goal was thus to construct a guiding normative theory that would help me as a

maker leader, other maker leaders, HCI researchers, and makers themselves adjust and

calibrate their individual endeavors based on different values to ensure the collective

output of the making phenomenon has a positive impact on humanity. Constructing

the initial definition of the theory involved 1) defining democratization in the form

of specific criteria 2) identifying prominent values in the making phenomenon that

are in the way of those criteria for democratization and 3) identifying complementary

values from HCI research and practice and discussing what they offer towards better

fulfillment of the criteria for democratization. I describe these steps in the rest of the

chapter.

3.2 Defining Democratization

Since HCI literature on making and making enthusiasts themselves often cite de-

mocratization as a hallmark of the making phenomenon, I decided to take that con-

cept as a starting point and would figure out how to determine whether local actions

align with these goals or not. I began with a literature review on democratization as

well as empowerment with the goal of finding a more concrete way of discussing the

concepts. While the topic of the dissertation primarily focuses on democratization,
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empowerment is a closely related concept that is often discussed in conjunction with

democratization. The definitions of democratization that I consider in many ways

subsume the concept of empowerment and pursuing democratization involves pursu-

ing empowerment as well. While democratization and empowerment are discussed

often, I found they are not well-defined in HCI and making communities, so I would

have to construct my own definition.

In order to construct a set of criteria for democratization, I conducted a literature

review, which I summarize below. The goal of the literature review was to draw from

existing definitions or frameworks for democratization and empowerment in literature

on the making phenomenon or in HCI. In the absence of a complete definition or

framework, I was looking for a piecemeal way of addressing my two main concerns

about democratization in the making phenomenon as I had experienced them while

working to set up a university makerspace: 1) how to systemically address barriers

to access such that everyone is included in the democratization and 2) how to take

responsibility for the implications of the democratization of technology production on

society, for example, the extent to which consideration for the human experience was

taken when makers were working with indirect stakeholders. This literature review

intended to generate an initial set of criteria to lay the basis of the theory project

that I would refine later on after exploring how these ideas relate to the practice of

making and maker leadership. In Chapter 7, I return to the theoretical construct

of democratization and turn to literature on democracy in other fields to refine the

criteria.

3.2.1 Democratization in Making

I looked to articles and other points of view from the making phenomenon to better

understand how they used the concept of democratization, looking for a definition or

a concrete understanding of what it means. While many making enthusiasts use the

term, I was unable to find any specific definition or any critical look at the extent to
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which the promise is being fulfilled. My main takeaway was that “democratization”

in the making phenomenon is synonymous with the term “access”, and is primarily

used as a way to frame making rather than a concept that is engaged with deeply. I

discuss a few examples that illustrate that point below.

Dale Dougherty, an early enthusiast of the branded maker movement and the

founder of Make Magazine, uses democratization as a central concept in his view

of the making phenomenon. In response to an interview question about how mak-

ing relates to citizenship, he says, “I view making as a form of participation, and

what we’re seeing broadly is the democratization of technology. In other words, it’s

cheaper. It’s accessible to more people. The difference between the tools that ama-

teurs and professionals use are diminishing in cost and in difficulty. And so to me, in

particular working with students and other people, I think we’re trying to invite them

to participate in a culture that is strongly dominated by technology and science, and

that those tools allow them not only to participate, but to effect change” [135]. He

goes on to talk about how making is about providing the opportunity to shift from

“passive spectators” of the world around them to active agents of change. While he

does not define democratization any more specifically, nor does he discuss what it

takes to truly pursue this goal, my interpretation is that his idea of “democratization”

is about the general public having access to tools and materials that they did not

have access to before. He does admit that there are barriers to access, but sees these

as naturally lowering over time due in part to technological innovations that make

fabrication even easier.

Gershenfeld is an enthusiast of a slightly different part of the making phenomenon,

citing the potential of digital fabrication labs, which have a more specific equipment

profile than makerspaces. Gershenfeld focuses on the hallmark of such technology to

give individuals the ability to make almost anything rather than purchasing a mass

produced product from the store [87]. While Gershenfeld does not use the concept
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of democratization explicitly, he does draw a parallel between widespread adoption

of such devices and democracy, stating, “Just as accumulated experience has found

democracy to work better than monarchy, this [revolution in the means of production

enabled by digital fabrication] would be a future based on widespread access to the

means for invention rather than one based on technocracy” [87], p.42. Gershenfeld’s

notion similarly is about the opportunity for more people to have access to certain

capabilities than they did before.

I also looked at research papers on makerspaces that were outside of the domain

of HCI. Many of these belong to fields related to education, peer production, or STS

(Science and Technology Studies). Specifically, I searched for mentions of democrati-

zation and looked further when there was evidence of a specific definition or critical

engagement with the concept. There was one example of a paper on making that

has a more political and specific consideration of democratization. Stornaiuolo and

Nichols discuss a making initiative in a high school centered around “making publics”,

which means leveraging various tools to turn a particular audience into a public cen-

tered around a matter of concern [173]. The leader crafted a number of open-ended

making and technology related assigned projects that all involved various audiences.

The authors claim that giving students repeated opportunities to consider different

audiences gives them opportunity to develop a literacy for making publics. Several of

the students were able to turn their projects into ongoing endeavors of civic action,

though there were many instances where simply having an audience was not enough

to help the students see the potential and the entire experience took a significant

amount of work on behalf of their teacher and organizer. Nevertheless, this paper is a

helpful account of evidence of the potential and challenges for maker-related contexts

to mediate leveraging technologies for civic action.

Overall, this investigation supported my intuition that there was a need for more

critical engagement with the idea of democratization in the making phenomenon and
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there was an opportunity to develop guidance for makers and makerspace leaders on

how to ensure their efforts align with such goals.

3.2.2 Empowerment in HCI Literature

I discussed the concept of democratization in HCI research in the related work

section (Chapter 2). I also conducted a review of the literature in HCI on empower-

ment, a related concept that is often mentioned in conjunction with democratization,

hoping that might shed light on a concrete definition. For example, a framework

that highlights some of the barriers to empowerment might shed light on some of the

things that are in the way of democratization.

Early HCI research had an additional challenge of establishing itself as a field of

importance and deserving of attention from the rest of the computing community [51].

In 1995, Cooper and Bowers performed a Foucaldian Discourse Analysis on HCI texts

to uncover the hidden rules that governed the rhetorical choices the authors made

[51]. Many of these choices had to do with helping HCI establish itself as a field.

For example, HCI authors would portray users as frustrated, angry, helpless, and

idiotic. Cooper and Bowers describe the “crisis rhetoric” that HCI authors use and

how a chapter from Schneiderman titled “Fighting for the User” adopts a “political-

war discourse”, where HCI is the only one left to advocate for the user and save

them [51, 171]. This helped HCI portray itself as necessary and portray the work

it was doing as part of a narrative of progress. Additionally, Cooper and Bowers

discuss empowerment as a key part of the legitimating function of HCI. While some

HCI researchers were shifting focus to empowering designers by creating tools or

principles they could use to create better systems, Cooper and Bowers saw this as

part of the same rhetorical strategy: “HCI still has a duty to empower and hence a

reason to be.”

I discuss the three waves of HCI [93] in a later section, but Cooper and Bowers

point out how second wave HCI depends on first wave HCI rhetorically to justify
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what it is doing [51]. This means that rhetorical choices, including the emphasis

on empowerment, made in the first wave have certainly influenced future HCI. It

can be difficult to distinguish between decisions made based on rhetorical strategies

and discursive rules versus other types of goals. Nevertheless, empowerment has

continued to be a common term in HCI. Schneider et al. point out how there are

many “passionate calls” from HCI researchers to other HCI researchers to leverage

technology to empower people in various ways, but they all use the term in different

ways [169].

Schneider et al. present a framework of different ways empowerment is discussed

in HCI literature [169] (Figure 3.3). They claim empowerment as more of a 3rd wave

HCI endeavor as HCI becomes more concerned with culture and society. They also

point to mission statements of several tech companies that use the word empower

or empowerment as part of how they frame what they are doing. This shows that

this rhetoric or this goal is pervasive not just in HCI research, but also in technology

in the world. Schneider et al.’s framework is a helpful overview of different defini-

tions empowerment takes in HCI research. I draw on categories from this framework

directly when establishing the criteria for democratization.

3.2.3 Criteria for Democratization

Based on the general HCI literature, the HCI literature about making, and other

literature about making, I distilled the following set of criteria that aims to capture

and make concrete various aspects of democratization as well as address some of my

primary concerns relative to democratization.

3.2.3.1 NC1: Democratizing Access to Tools and Material Empowerment

Democratization of access to tools for making and individuals being empowered to

view artifacts and materials as things you can manipulate are related since they lead

to the same thing: the ability to produce things. This criteria has two dimensions,
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Figure 3.3: Schneider et al.’s framework of empowerment in HCI [169]

drawing from different places.

NC1-a is derived from Tanenbaum et al.’s discussion of how democratized techno-

logical practice through making intertwines pleasure, utility, and expression. Tannen-

baum et al. discuss what it means for making to be democratized and how it must

involve the combination of pleasure, utility, and expressiveness, pointing out that even

in instances of making that start with one of these values, all 3 are actually intermin-

gled [174]. For example, the value of pleasure or playfulness might be expected to be

a hallmark of making only in the developed world, while the value of utility is the

focus for making in developing countries. However, the privileged maker playing and

the maker creating solutions in the developing world incorporate pleasure, utility, and

expression in their practice [174]. This means that these seemingly separate values

actually are more often intertwined than separate. This definition of democratization

belongs in this category of access because to truly democratize access to the tools,

the access needs to not be biased towards any certain use case over another.



55

NC1-a (access): There is the possibility of, appreciation for, or represen-

tation of all three of the following: pleasure, utility, and expression.

NC1-b draws from Shneider et al.’s framework of empowerment in HCI literature

and from Roedl et al.’s definition of material empowerment. Satisfying this criteria

requires overcoming some of the psychological barriers that feminist scholars have

pointed out have prevented some women from participating in makerspaces [35, 182].

Since power is at the basis of empowerment, to feel empowered to do something and

take action using tools and materials requires the power to come from somewhere

or for some other entity to catalyze the empowerment [169]. Being materially em-

powered thus requires not only having access to the tools and materials, but also

requires a psychological component of feeling in control as well as having various lit-

eracies that go beyond just how to operate the machine. Combining this idea with

some of Schneider et al.’s categories of empowerment, I arrive at the next criteria for

democratization:

NC1-b (access): There are mechanisms in place to help people feel em-

powered, know the possibilities afforded to them, or take action to do

something with the tools and materials.

3.2.3.2 NC2: Socially Progressive Empowerment and Democratization Through

Discourse

Socially progressive empowerment is related to publics, a more political aspect of

democratization, because they both involve taking action and purpose-driven social

aspects. Fulfilling this criteria requires extending or pushing forward the ways both

research in HCI and practitioners in the making phenomenon typically consider these

aspects.

This criteria relates to Roedl et al.’s notion of makers as socially progressive, though

it takes it further. Roedl et al. discuss aspects of socially progressive making as recog-
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nizing the universality of making as a pathway to spreading technological literacy, the

prevalence of open-source resource and knowledge sharing, and the active resistance

to consumer culture [163]. These are all certainly significant and socially progressive.

However, when HCI research focuses only on these things, this reinforces a historical

blind spot to structural, systemic, or socioeconomic aspects of social progress. HCI

research can continue to highlight a narrative of technological progress and still claim

to be contributing, though there is some HCI research that has started to engage

more directly with politics [163].

This criteria also relates to some of the promises that making, in particular digi-

tal fabrication, will bring, including working towards a sustainable circular economy

[6, 88]. It also relates to some of the critiques of that vision, namely that the tech-

nology itself will not instigate that sort of change [88]. Publics are not discussed

often in making research and are even a contested topic in political theory, though

in some form they are critical to democratically engaged society [76, 173]. This cri-

teria relates to the work by Stornaiuolo and Nichols that investigates a context for

making that deliberately focuses on fostering opportunities for creating publics and

for students to develop necessary skills [173]. As Stornaiuolo and Nichols conclude

from a discussion of various political theorists’ notion of publics and youth media,

“Seeing oneself in relationship to others is fundamentally democratic work, necessary

for developing a common world and public culture. Engaging in public action in the

presence of others is a way of living that resists homogenization and contests mass

production by highlighting democratic plurality” [173]. This insight sheds light on

what it is reasonable to expect from contexts for making in terms of forming publics

and providing opportunity for civic action and social change through making.

NC2 (social progress): There is evidence of or space for and support

for dialogue and groups to form around matters of concern. There are

opportunities for discourse and opportunities to cultivate relevant skills
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(including, for example, literacy regarding social implications and possi-

bilities).

3.2.3.3 NC3: Risk Mitigation

This criteria comes from technology literature outside of HCI and making, though is

relevant to technology. Garvey considered the democratization of artificial intelligence

technology, in particular as discussed by major tech companies who claim this as a goal

and drive initiatives to create free libraries and resources for the general population

[85, 84]. They draw upon Woodhouse’s framework for the democratic governance

of technology through intelligent trial and error and list a series of considerations

that should be taken when pursuing the goal of democratizing access to AI [85, 122].

One category of considerations has to do with prudence and asks whether there are

mechanisms in place that will help in the eventual occurrence of problems and to

mitigate risk [85].

Gershenfeld et al. draw parallels between past technological revolutions such as the

Internet, citing its promise to democratize communication and future technological

revolutions such as digital fabrication, which democratizes the means of production

[88]. They suggest that we should learn from the Internet that technology needs

infrastructure and societal support to help it achieve that promise and that many

unexpected negative outcomes emerge where the technology becomes adopted [88].

We should ensure that digital fabrication has such additional support and that there

are mechanisms in place to help guide and shape the maker phenomenon in the future

when unintended consequences inevitably emerge.

Based on these perspectives and in particular drawing specifically on some of Gar-

vey’s criteria in the risk framework, I derive the next normative criteria:

NC3 (risk): There are precautions in place to help mitigate forseeable or

future unforseeable risk. There is flexibility built in to be able to respond
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and adapt to these risks in the future.

3.3 Identifying Values in the Making Phenomenon

In the following sections, I discuss a number of places where an entanglement of

individualistic, artifact-based, and internal-facing mindsets and practices manifest in

the making phenomenon and in research on making, as well as some of the ways these

values might prevent the criteria for democratization from being fulfilled. I do not

claim that this set of values is universal, all-encompassing, or even the most prominent

in the making phenomenon. Rather, as illustrated by the following examples, they are

prominent to some extent, and when they do manifest, they are arguably impactful

on the outcomes of the making phenomenon. I chose these values based on my own

perceptions of the making phenomenon through running a makerspace and through

literature I had read.

I used the following definitions in this initial investigation. Later, I will discuss

how I fleshed out the definitions of the values beyond these initial definitions based

on how they manifest in practice in the interview study presented in Chapter 4.

Artifact-based: Focusing on the artifacts that are created in a makerspace or the

tools, machines, or materials.

Internal-facing: Focusing on oneself rather than on others. This could mean a

maker focusing on their self or a makerspace focusing on what is happening internally.

An internal-facing makerspace thinks only of serving the people within it and an

internal-facing maker or making endeavor exists only for the enjoyment or fulfillment

of the initiator.

Individualistic: Focusing on hallmarks of making relative to individuals and on the

experience of individuals in the making phenomenon.
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3.3.1 Empowering Makers

An individualistic and internal-facing value system manifests in much of the com-

mon rhetoric surrounding makerspaces and the making phenomenon. Dale Dougherty,

the founder of Make media and quite likely the person who coined the term “Make” as

the word that would characterize the making phenomenon, used the phrase “We are

all makers” to motivate the phenomenon [65]. Dougherty focused on what a maker

can accomplish, driven by their own sense of purpose, when given the right tools

and community [64]. While this might seem like empowering and inclusive language,

an individualistic and internal-facing value system can cause problems in terms of

the criteria for democratization in several ways. The most obvious way is in terms

of empowering people to know what is possible to do there and showing them they

are capable of doing those things (NC1 (access)). While there are many actions one

can leverage making to take, these are not immediately obvious. Framing the maker

phenomenon only in terms of what an individual can do, such as with the “we are all

makers” rhetoric, makes it harder for the individual to know what significant things

they can do (NC1 (access)). Additionally, when the rhetoric of making focuses on

how “you” the maker can do whatever you would like, but doesn’t tell you what that

might be, empowerment is limited to what the individual can already imagine, which

is a barrier to some individuals.

Toombs et al. similarly found that makers they interviewed “clearly hope that

they can individually woo women and other non-traditional participants,” but this

resulted in blindness to the “structural problems” that prevent participation [181].

This individualistic approach to access is thus limiting since it prevents the space

from taking a more socially progressive approach to inclusion (NC2 social progress).

Toombs et al. also characterize this approach as “colonizing” in the sense that making

sure individuals feel cared for is “good for business” since it benefits the space as a

whole when there are more participants. This internal-facing consideration is not
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a problem for any of the criteria for democratization in and of itself. However, if

obtaining more individual participants were the only focus and the only end goal of

a particular space, it seems likely that there would not be emphasis on endeavors for

social progress (NC2) or focusing on some of the nuance of the participation such

as the range of types of participation or the psychological component (NC1 access),

especially if it makes participants less aware of the structural problems as Toombs et

al. claim.

3.3.2 Empowering Others

In this section, I use the specific use case of DIY assistive technology (DIY-AT) to il-

lustrate additional implications of individualistic and artifact-centered values relative

to the normative criteria. A common use of spaces for making and digital fabrication

tools is assistive technology for one’s self or for others. DIY-AT potentially opens the

door for the maker phenomenon to be less internal-facing and less artifact-based by

affording opportunities for different participants and different conversations. How-

ever, I show in this section that there is much evidence of these values and as a result

many of the normative criteria are not met.

Hurst et al. recognized that assistive technologies in general can empower people,

but many people do not have access to these devices, and many more abandon their

devices [41, 106]. Researchers saw the emerging DIY community as holding potential

for people to create their own assistive devices and predicted that online platforms

such as Instructables and Thingiverse would enable such practices [106]. Indeed,

communities and distributed networks have formed around fabrication of assistive

devices, helped by websites such as Thingiverse [40].

There are ways in which these communities could even better achieve their goals

of helping people if equipped with a different mindset. e-NABLE, for example, is

a distributed network of volunteers and is one of the fastest growing of these com-

munities dedicated to printing and distributing 3D prosthetics [154]. Meissner et al.
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point out how not considering the possibility of the people with disabilities as mak-

ers is “contradicting the discourse of democratisation and empowerment surrounding

making” [136]. In some contexts, a more effective strategy than creating devices for

others would be to run workshops for people with disabilities such as the DIY-Abilities

workshops Meissner et al. present [136].

It is not clear where this tendency amongst makers and researchers to focus on

people with disabilities as recipients as opposed to makers and designers themselves

stems from. This could be seen as evidence of the individualistic and internal-facing

values that seem to pervade the maker phenomenon. While makers who make devices

for others are drawn by the desire to help people [154] and are looking externally

to put their skills to use, they are keeping themselves in the equation by making

devices rather than teaching skills to others. This focus on artifacts and the makers

themselves (internal-facing) limits the extent to which these makers are participating

in the making phenomenon’s claimed goal of social good.

These places where individualistic, internal-facing, and artifact-based values mani-

fest cause problems relative to all of the criteria for democratization. The focus on the

devices themselves means that volunteers never realize the importance of the social

aspects of their endeavors (NC2 (social progress)) and means that the communities

that participate in these endeavors probably mostly attract people with tech-centric

fabrication skills and encourage community members to learn only those skills (NC1

(access)). They do not realize that they could, and perhaps even should, be helping

the device recipients learn how to print and operate the digital fabrication tools for

themselves (NC1 (access)). This also resonates with Constanza-Chock’s observation

that some makerspaces “do partially challenge ableism through a common emphasis

on assistive technology, such as 3-D printed prosthetics, but typically do so through

the individual/medical model of disability, rather than the social/relational model,

let alone a disability justice analysis” [52], limiting the opportunity for social progress
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(NC2). Lastly, the volunteers do not understand the risks of the devices and what

sort of physical harm they might be causing the recipients as well as the sort of psy-

chological harm caused by raising their hopes about a device that might not actually

work (NC3 (risk)).

3.3.3 HCI Research on Making

HCI research on the making phenomenon often looks at artifacts made by individual

makers. There is a large body of HCI literature that focuses on the design of digital

fabrication tools for novices to lower the barrier to the types of artifacts that an

individual can create by embedding knowledge about the physical world and operation

of the devices into the design tools themselves [22]. For example, these tools might

help users fluidly shift between physical and digital representations [80], convert 3D

models into interlocking pieces [133], convert 3D models into wireframes for faster

prototyping to speed up iteration cycles and decrease frustration [139], allow for

incremental printing while modeling [156], design functional chairs by sketching [167],

or easily add interactivity to 3D printing objects [168]. These are all designed for

personal fabrication, considering the experience between one user and the tools that

will help them create the objects they want to make.

Roedl et al. describe two types of maker empowerment in HCI discourse: 1) ma-

terial empowerment, where makers have the ability to shape materials and use tools

to accomplish various goals and 2) socially progressive empowerment, where makers

embody democratic attributes by using and contributing to open source reposito-

ries and resisting consumer culture [163]. While not all of the papers that present

fabrication tools directly cite democratization or empowerment as goals, they are in

line with Roedl et al.’s notion of material empowerment since they paint a picture

of progress in the form of enabling makers to create different types of artifacts more

easily. However, Roedl et al. point out how this notion of progress within HCI re-

garding making is rather apolitical, which allows HCI research to “continue to portray
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itself as contributing to social progress through technological development in support

of makers while sidestepping the need to consider structural socioeconomic issues or

engage in controversial public debates” [163]. In other words, by focusing on material

empowerment by building tools for makers and limiting the definition of socially pro-

gressive empowerment to aspects that mostly concern individuals, such HCI research

has a blind spot to many larger problems (NC2 social progress).

3.3.4 Observations of CCI Makerspace

Upon reflecting on my experience with managing and spending time in the CCI

Makerspace, I found evidence of individualistic, artifact-based, and internal-facing

values enacted in various practices. While these practices might seem neutral enough,

I also discuss some foreseeable problems in these instances in relation to the criteria

for democratization.

• My default question for people in the makerspace is “What are you making?”

While I often wanted the question to lead to a discussion about something

else, we would often get stuck talking about the details of the fabrication and

implementation of the artifact. This reflects artifact-based values since although

we do talk about the process by which the artifact was created, we never talk

about anything beyond the artifact such as what purpose it serves or what it

means.

This is problematic in relation to NC2 (social progress), in particular the part

about facilitating dialogue, since it seems this question is not enough in itself to

spark the kind of dialogue necessary to instigate social change through making.

• When I give an introductory tour of the makerspace to people, I find myself

discussing the machines we have and the types of artifacts one can create with

them: “With the laser cutter, you can cut or engrave flat sheets of material and

create 3D objects by stacking, slotting, or bending”. Not only is this an artifact-
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based introduction, it is also individualistic since it frames the possibilities in

terms of “you”, in this case the potential makerspace user.

This is particularly problematic for NC1 (access) since it assumes that the per-

son has the skills required to come up with an idea for how to apply that tech-

nology. Conversations that are individualistic and artifact-based might spark

ideas or connections for people with certain pre-existing technological identities

[9, 75], but not for others. Being creative and coming up with an idea can be

a barrier for some who might not be comfortable with tinkering with machines

or exploring in front of others.

• My definition of a makerspace is “a community-centric space with tools where

people come to make things that are interesting and important to them”. This

definition frames the makerspace as something that serves its inhabitants (in-

dividualistic) and focuses on how the space enables people to make things

(artifact-based). While the community piece is in there, it is a self-serving

community: a community that benefits and supports members of the commu-

nity and that goes away when the members go away. Additionally, one of our

main metrics of evaluation was the number of people who were active in the

space each day. We knew this wouldn’t be the only measure of success, but in

the absence of developing anything better, this is what we relied on to demon-

strate that the space was valuable for the CCI community. Equating high traffic

with success of a makerspace is individualistic since it measures the benefit by

how many individuals it serves by being in there. It is also internal-facing since

it doesn’t measure anything beyond the walls of the space.

This is problematic for both the social progress (NC2) and risk (NC3) aspects

of democratization in that understanding social progress and mitigating risk

require consideration of aspects beyond the space.
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3.4 Identifying Values in HCI Research and Practice

In the previous section, I discussed examples of individualistic, artifact-based, and

internal-facing mindsets and practices in the making phenomenon and how they might

hinder making’s promise of democratization because they prevent the criteria for

democratization from being fulfilled. Naturally, my next question was: What are

some alternate values that could manifest in the making phenomenon that might

have more desirable outcomes in line with the movement’s broad promises? While

there are multiple sets of alternate values to consider, I decided to focus on values in

the field of HCI as opposed to a different community for a number of reasons. Firstly,

the making phenomenon and field of HCI both share the goals of democratization

and empowerment [16]. As discussed in the related work section, this means that

HCI researchers can fulfill these broad goals in part by supporting and spreading

maker empowerment. Additionally, several HCI researchers have suggested that HCI

designers draw upon the “maker ethos” by adopting aspects of the maker mindset as

an upgrade to HCI design. There are deep synergies between HCI and making and

it is reasonable to turn to the field of HCI to consider ways to improve the overall

outcomes of the making phenomenon since HCI researchers turns to making for ways

to improve HCI practice.

Secondly, in the beginning of this chapter, I presented a reflection on questions I

faced as a makerspace leader about what broad promise we should align our space with

and how we should align our efforts with that promise. The answer that I am exploring

in this dissertation is that the promise of the making phenomenon is democratized

technology production and that if we were going to align with this goal, we have a

responsibility to prompt an HCI-like consideration for the human experience along

with any technological developments we introduce to the space. Adopting values from

HCI that are complementary to the identified values from making would be in line

with that agenda.
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Thirdly and more broadly, making is a site of technological production. Throughout

its entire history, HCI researchers and practitioners have been working within various

sites of technological production to argue the imperative to consider the human aspect

of technology on behalf of the user. Before UX departments existed in industry or as

a field of academic study, HCI advocates argued their importance [51]. HCI educators

also face a challenge in incorporating HCI in degree programs where students do not

see the value in it [7, 112, 117]. Since HCI advocates are accustomed to working HCI

into these different sites of technological production, it is reasonable that the making

phenomenon would be yet another place where there is potential for human-centered

mindsets and practices.

In the rest of this section, I consider each of the three values from making introduced

above (individualistic, artifact-based, internal-facing) and look for ways that HCI

research and practice embody contrasting values or how HCI researchers consider

other values in relation to these. These values were selected to provide a frame for

further investigation; I do not claim that they fully encompass the field of HCI as a

whole or that they are the only alternatives to consider in the making phenomenon.

3.4.1 Interaction-based

While making artifacts is a crucial part of HCI research and design, endeavors in

HCI are less about the artifacts themselves, and more about the interactions with and

around the artifacts. For example, artifacts or prototypes are often not thought of as

solutions or representations of the future, but rather as probes or pivot points that

help the designer decide which future is preferable [70, 166]. HCI researchers have also

developed several more formal ways to discuss and understand interaction such as the

Gulf of Evaluation and Execution, which considers the steps a user goes through as

they perceive an interface, act on it, and perceive the result [146], as well as Activity

Theory, which considers artifacts as mediating a complex set of activities between

individuals, communities, and rules [13]. In general in HCI, to fully understand and
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produce meaningful artifacts, we need to consider the complex contexts they are

situated in.

Some of the more socially progressive (NC2) HCI research on the making phe-

nomenon has been interaction-based. For example, Toombs et al.’s investigation of

care ethics in a hackerspace required understanding the interactions in and around

the space [181]. Similarly, Lindtner et al.’s work with makerspaces in Taiwan and

China shows that looking at the relationships between communities and making,

rather than the devices that were being produced, sheds light on different ways the

making phenomenon could bring about social progress (NC2) [123]. Fox et al. discuss

how feminist hackerspaces shift the focus from “hacking devices” to “hacking culture,”

which could be seen as an embrace of a particular type of interaction instead of the

artifacts themselves [81].

Bringing interaction-based mindsets and practices into the making phenomenon it-

self would involve similarly promoting an emphasis and appreciation for the less visible

hallmarks of making endeavors and a consideration for the interactions prompted by

the artifacts that were created within the makerspace.

I considered other terms before deciding on interaction-based. I first considered

human-impact-considering, but changed it to interaction when I noticed there were

relevant interactions between humans and artifacts other than just impact. Interaction-

based includes human-impact-considering, but is broader to include other aspects. I

also considered experience-based instead of interaction-based. However, experience-

based was harder to define and there are far fewer formal constructs or frameworks

through which to understand experience. This may be due to the fact that focus on

user experience is a more recent focus in HCI [93].

3.4.2 Collective

While Human-Centered Design processes in HCI tend to focus on individual users-

their needs, personalities, and the unique contexts they inhabit, HCI research has
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shifted over the years to recognize the need for also taking a more collective look at

the impact of technology. This shift is evident in the three emerging waves of HCI

[93]. First-wave HCI, focused on achieving measurable performance goals such as the

likelihood for human error in an interface [93]. Second-wave HCI begins to recognize

context as important and considers the information processing that happens in both

humans and interfaces as well as the dialogue between. Third-wave HCI considers

emotion, values, culture, and experiential goals [93]. Although these waves emerged

chronologically, they are all still of importance in the HCI community currently [93].

When considered broadly, these waves not only represent a shift in focus away from

an individualistic single user approach to design towards considering design more

collectively and at scale, but they also shift away from the artifact itself, in favor of

consideration of various interactions around the artifact.

Additionally, Dourish suggests a shift away from an individual-centric model of

behavior change when it comes to broad problems such as environmentally friendly

behavior [67]. Rather than focusing first on the individuals and multiplying to scale,

HCI research can rather focus first-hand on the collective and use the collective to

drive or frame the individuals’ behaviors [67]. For example, many apps attempt to

prompt small changes in behavior among individuals, with the idea that little actions

add up to large scale change. Dourish’s alternate collective-first approach would be

to first look at the collective movement and then figure out how individuals fit in.

For example, an app could help users understand how actions they perform fit into

the larger movement [67].

In the making phenomenon, a shift from individualistic to collective would be in

line with calls that other researchers have made. For example, both Lindtner et al.

and Costanza-Chock suggest the need to shift away from narratives that focus on

individual countercultural heroes in the making phenomenon who resist the tyranny

of capitalizing by hacking and making [52, 124]. Lindtner et al. says that focusing
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only on these narratives leaves us blind to some of the actual forms of resistance

that may be happening. Costanza-Chock calls for makerspaces to “develop their own

shared analysis of unjust power (the matrix of domination), how to dismantle it,

and the specific role of design, hacking, making, and fabrication in that much larger

process”, which in part involves the “development of shared identities beyond the

neoliberal entrepreneur.” Bringing collective mindsets and practices into the making

phenomenon would similarly involve awareness and interrogation of the collective

making phenomenon and emphasis on the hallmarks of the making phenomenon that

live at the community or collective level.

It was not immediately clear which value from HCI research and practice was

complementary to individualistic mindsets and practices in the making phenomenon.

In Hofstede’s cultural dimensions, the opposite of individualist is collectivist, where

groups are prioritized over individuals and certain groups might even be prioritized

over others [100]. While HCI research often does focus on groups [93], it does not

prioritize certain groups over individuals or others in this way, so collectivist was

not an appropriate value for HCM. I searched for a word that captured the meaning

of humanity-centric. I considered humanistic, humanism-based, which refer to other

specific scholarly practices or periods in history [15, 50]. Humanity-centric is better

than societal in the sense that it is vague enough to relate to many different levels

including individuals, communities, and global. However, humanity-centric was prov-

ing to be too vague and undefinable to be useful. I had settled with societal for a

while during my initial thinking, but this was too narrow. I found that I was using

“societal” to refer to any group, including a community or all the makers involved

in a particular project, so it seemed like collective was a more appropriate term to

capture that concept.
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3.4.3 External-facing

Since HCI as a field started with the goals of helping people, there has always been

an external-facing aspect at its core. However, there has been a complex relationship

with internal and external goals throughout HCI history. Early HCI research had

an additional challenge of establishing itself as a field of importance and deserving

of attention from the rest of the computing community [51], thus needing to pursue

some internal-facing goals in order to pursue its external-facing goals. Some of the

ways in which HCI demonstrated its importance was to draw upon “crisis rhetoric” or

portraying users as frustrated, angry, helpless, and idiotic and how HCI is the only one

left to advocate for the user and save them [51]. Part of seeming legitimate involved

constructing a narrative of progress that painted HCI as a crucial part of that progress

[51, 163]. Cooper and Bowers saw this as a rhetorical strategy: showing how “HCI

still has a duty to empower and hence a reason to be.” So even in pursuing external-

facing goals, there is still always an internal-facing benefit to HCI in those pursuits.

HCI researchers recognize that and are continually unpacking the discursive rules

that drive our current research and aiming to shed the negative implications of those

self-serving endeavors. For example, Pal plays on the CHI 2016 tagline “CHI4Good”

with a provocative question of “CHI4Good or Good4CHI?”, suggesting that HCI has

an opportunity to grow to more generously pursue external endeavors such as serving

marginalized populations or HCI4D initiatives [152].

3.5 Human-Centered Making and the Normative Theory of Human-Centered

Making

In the previous sections I discussed two sets of values: individualistic, artifact-

based, and internal-facing mindsets and practices in the making phenomenon and

collective, interaction-based, and external-facing mindsets and practices in HCI re-

search and practice. I have pointed out ways the individualistic, artifact-based, and
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internal-facing values in the making phenomenon get in the way of the goals of de-

mocratization and empowerment. To investigate whether the presence of collective,

interaction-based, and external-facing mindsets and practices in the making phe-

nomenon better meets the goals of democratization and empowerment, I use these

values as the basis of the definition of Human-Centered Making (HCM).

Definition: Human-centered Making (HCM) is making-related practices

and mindsets that enact or are guided by a value system that is interaction-

based, collective, and externally-facing and is not primarily artifact-based,

individualistic, and internally-facing.

These are some examples of these values evident in maker practices and mindsets

of individuals or contexts for making:

• A club that 3D prints prosthetics for kids is artifact-based if it only talks about

the devices they create, but is interaction-based if they emphasize the social

community aspect and realize that interaction with the community is more

impactful for some individuals than the devices themselves.

• An individual who is participating in a club that 3D prints prosthetics for kids

has an interaction-based emphasis if they recognize that the recipient might not

like the device or if they establish a genuine relationship with the recipient.

An individual in this club that exhibits artifact-based values might assume the

recipient has a certain relationship to their limb difference and the recipient will

automatically be excited about receiving a life changing device.

• An artifact-based and individualistic makerspace draws attention to the fact

that automatic cat feeders are a common artifact participants are making, draw-

ing attention to how whimsical and personal an endeavor this is. An artifact-

based and external-facing makerspace draws attention to participants who are

creating furniture for local families who need it.
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• An interaction-based and collective makerspace might draw attention to partic-

ipants who are evaluating whether a public installation about climate change is

actually inspiring anyone to change their behavior.

• An internal-facing makerspace cites the benefits it brings to the people who are

active within it. An external-facing makerspace cites the benefits the people

within it bring to the people outside.

• An internal-facing maker cites the benefits a makerspace brings to their self such

as what they learn and what they are able to make. An external-facing maker

cites the benefits making affords them to bring to others such as leveraging the

laser cutter to create novel learning materials for their students.

• An interaction-based makerspace helps people who enter understand the impact

of different artifacts on people and think critically about whether something is

a good making endeavor based on thinking through what problems it might

create even if it solves the original problem it set out to solve. An artifact-based

makerspace helps people learn how to use the machines and provides technical

workshops on how to perform various techniques.

As evident from these examples, sometimes the values of HCM lie at the level of

the context, and sometimes they lie at the level of the individual. In Chapter 4, I

will use an interview study to develop a more specific and grounded understanding

of where HCM lives and how it manifests.

3.6 Normative Theory of Human-Centered Making

This dissertation also centers around the Normative Theory of HCM (NTHCM),

which aims to guide makers, leaders of contexts for making, and researchers study-

ing and designing tools and experiences for making in how they should think about

making. The difference between the NTHCM and HCM is that HCM is a set of
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values and the NTHCM is a guide that directs makers and maker leaders to embody

that particular set of values. The NTHCM says that the particular set of values is

something to strive for, while HCM just gives a name to the set of values without

putting a value judgement on it.

Definition: The Normative Theory of Human-Centered Making (NTHCM)

states that the value system that surrounds making practices, mindsets,

and contexts should embrace interaction-based, collective, and externally-

facing values and balance or de-emphasize artifact-based, individualistic,

and internally-facing values.

The Normative Theory of HCM is meant to be applied by three main categories

of people: 1) leaders of maker communities or contexts 2) individuals making within

these contexts or on their own and 3) researchers, especially HCI researchers, studying

and designing experiences and tools for makers.

1) The NTHCM is applicable and relevant in guiding leaders of maker contexts

(such as makerspaces, maker activities or modules in education, and other physical

or virtual spaces that could be considered part of the making phenomenon) to shape

and guide what happens within them. These leaders have the role of framing what

making is, why it is important, and what the purpose of the particular context is.

Implicitly and explicitly defining these things can have a direct impact on what types

of endeavors are welcomed to the space and what sorts of ideas are born in the space.

For example, a makerspace that aligns with the NTHCM not only offers training

on the machines, but also provides conceptual support for project conception and

impact-evaluation.

2) Individuals who are making might be impacted by the theory in a few ways. They

might be part of a context that embodies HCM or they might choose to consider the

value shift on their own. Either way, decisions where these values might manifest

lie at a few different levels. Firstly, as an individual is choosing what to make,
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there are certain making endeavors that are more aligned with HCM than others.

For example, if assigned an open-ended fabrication project, choosing to iterate on a

design of a prosthetic device or experimenting with new techniques for sustainable

clothing is more external-facing and collective than making an automatic cat feeder

or a light up responsive shelf. Secondly, as an individual conducting the process of

making something, there are ways of going about doing that which are more aligned

with HCM than others. For example, if they were creating a device for a community

member, consulting that person throughout the process is more interaction-based

than if they were to guess what that person wants.

My intent is not to specifically discourage individuals who create automatic cat

feeders. There is nothing wrong with this as an endeavor- it is fun, creative, and

expressive. It would be undesirable to adopt utilitarian values around making such

that automatic cat feeders are discouraged since they do not fulfill an obvious need.

However, if automatic cat feeders are all anyone ever creates, that is perhaps evidence

of a problem that lies at the level of the context or space within which these items

were created since it shows that people are not leveraging making to have the fullest

range of its possibilities.

3) The theory aims to help researchers choose phenomena to study and, in fields

such as HCI, choose types of interventions to pursue. As Roedl et al. point out,

HCI research on making claims social progress as a framing and motivating factor,

but HCI researchers’ pursuits often lack the engagement with controversial topics or

confrontation of power dynamics that might be in the way of truly pursuing those

goals [163]. This is due, in part, to a common focus in HCI research on the material

empowerment aspect by designing tools for makers [163], which is an artifact-based

and individualistic perspective on making. Using the NTHCM as a guide, HCI re-

searchers might choose to focus more on interactions in the making phenomenon (such

as Toombs et al.’s look at care ethics in makerspaces [181]), or collective values and
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trends at a broad scale (such as Kuznetsov and Paulos’ large scale survey of people

who use platforms for online maker communities [115]).

3.7 Summary and Next Steps

In summary, I have introduced the NTHCM based on how I derived it from litera-

ture and my experience in the making phenomenon. The general idea of the NTHCM

is to bring values from HCI into the making phenomenon in order to better satisfy the

promise of democratization. The NTHCM seemed to satisfy my need for guidance in

the making phenomenon relative to the makerspace. What was needed at this point

was an understanding of how the values manifest in practice, how to look for the

values, and what it is like to operationalize the NTHCM. In the next 3 chapters, I

present a series of empirical studies that aim to refine and test the theory by focusing

on how it relates to maker practices, mindsets, and contexts for making.



CHAPTER 4: STATEMENT MAKING INTERVIEW STUDY: DEVELOPING

THE DEFINITION OF HCM

This chapter uses a particular maker context to develop our understanding of HCM.

Specifically, I use this analysis to answer the following research questions:

• What does HCM look like in practice? Where does HCM live?

• How do the values of HCM interact or relate? Can they co-exist? Are they ever

in conflict? Are there times that the making values can support or strengthen

the HCI values (or vice versa)?

To answer these questions, I performed a qualitative analysis using the 6 values

of HCM as codes on interviews conducted with participants in Statement Making,

a 3-time annual digital fabrication fashion show that I co-directed and ran. In the

following sections, I describe the initial goals of Statement Making, details of how the

event was conducted, why Statement Making was an appropriate context to develop

the definition of HCM from, and the results from an interview study.

4.1 Statement Making Digital Fabrication Fashion Show

Statement Making was a digital fabrication fashion show co-directed for three con-

secutive years (Spring 2017, 2018, 2019) at UNC Charlotte by myself and a recent

graduate who managed the Fab Lab in the Arts department.1 Statement Making

aimed to address some of the critiques we observed of the local maker culture in and

around the spaces we were creating: while there were makerspaces in different depart-

ments, they felt siloed off from each other; participation in each space did not seem
1Some passages in this section have been quoted verbatim from my published work [151].
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to be as varied as it could have been; there were not many students collaborating;

and overall it felt like there was unfulfilled potential for the role that these spaces

could play in the fabric of the university or the broader community. Together, we

decided to host a makerspace-related event to encourage participation and collabora-

tion, and decided a fashion show would make sense because it affords the opportunity

to combine a range of technological, artistic, and personal interests.

Each year, the prompt for participation in Statement Making was to “Make a

Statement” in the form of a wearable garment and showcase it at a public runway

event. For several months leading up to each annual event, there were workshops

on different fabrication techniques for textiles to encourage exploration and provide

opportunities for participants to meet each other. Participants could apply for small

grants to cover the cost of supplies. The directors encouraged digital fabrication, but

accepted anything that was made with purpose and intention.

The focus and goals of the directors evolved over time as we reflected on what

the event meant and what it could mean. Initially, the public language around the

event consisted of “Statement Making: A Digital Fabrication Fashion Show” and the

prompt to “Make a Statement”. The show was a platform for individuals and groups

to make a statement, but if the directors had a statement themselves, it was not

explicitly expressed. In the third iteration of the show, a pamphlet laid out what

the directors were hoping to achieve by creating this open-ended platform. Overall,

Statement Making was about prompting individuals and groups to take control at a

variety of levels: over the tools and machines around them, over something meaningful

in the world, over the confines of mass-produced technology and consumables, etc.

Sustainability was a theme emphasized by the directors, since even though there was

potentially waste as part of the making process, overall the practice of making has

the potential to be part of a more sustainable circular economy [88].

During the second year of the event, the directors received a grant to build a 64 foot
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stage that would not only be the platform for the event, but would be a semester-long

project for a Sculpture Installation class in the Arts department. A digital fabrication

student organization led the construction of the stage and the sculpture class created

panels covered in e-waste from the university in the shape of mountains of landfill.

4.1.1 Justification for Using this Context for the NTHCM

Statement Making was chosen for this study because it was a maker experience that

is non-traditional in some ways and a typical maker experience in others. On one

hand, it was a showcase event with an emphasis on digital fabrication that highlights

things people made with very open-ended criteria for participation, much like a Maker

Faire or other maker sharing events. On the other hand, it had the format of a

fashion show, which is not typical in maker contexts, and prior work about Statement

Making has argued that incorporating a performative aspect naturally brings feminist

HCI design principles into play [19, 148]. Specifically, in prior work, I investigated

Statement Making relative to feminist HCI design principles, and point out ways they

relate [19, 148]. Bardzell’s feminist HCI design principles are one way of drawing

attention to how design can resonate with principles of feminist theory and feminist

activism. The principles include pluralism, participation, advocacy, and embodiment.

The argument I made in prior work was that since Statement Making was a maker

event that centered around a performative aspect, it naturally resonated with these

feminist HCI principles because it foregrounded bodies, voices, and meaning.

Statement Making was not designed to bring HCI values into the maker experience,

was not designed with the specific values of HCM in mind, and was not designed with

the goals of democratization and empowerment in mind. However, it did align with

these goals since it facilitated interactions between many different groups of people,

emphasized ideas rather than artifacts, and aimed to reach a wide community. From

reflecting on the event at a high level, Statement Making seemed to align with the cri-

teria for democratization presented in Chapter 3. There was evidence of participants
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making things that were useful, expressive, and fun (NC1-a access); the workshops

leading up to the event afforded the possibility to help potential participants under-

stand the possibilities and develop a sense of agency (NC1-b access); there were a

number of participants who participated by creating garments that made a political

or activist statement, showing there were opportunities for dialogue and for groups

to form around matters of concern (NC2 social progress); as an event with a start

and an end, there were few concerns for risk that would have emerged in that short

time frame (NC3 risk). While a more careful analysis would be needed to determine

the full extent to which Statement Making did and did not meet these criteria, this

initial speculation serves the purpose of justifying the use of Statement Making as a

context through which to deepen our understanding of the values of HCM.

4.2 Interview Study Methodology

I performed an interview study, recruiting from participants, supporters, volunteers,

and mentors who were involved in any of the past instances of Statement Making.

Interviews were conducted via video call or in person based on each participant’s

availability. The interviews were semi-structured, aiming to understand motivations

for participating, how they described their participation, and how they perceived the

event as a whole. Question prompts included, “What did you make?”, “What was

your motivation for participating?”, “What is Statement Making?”, and “What were

some memorable aspects of the experience?”. The interviews were audio recorded and

transcribed manually by the researchers, omitting names mentioned by participants.

I performed thematic coding on the transcribed interviews. The first pass of anal-

ysis used the six values introduced above as codes (individualistic, artifact-based,

internal-facing, collective, interaction-based, external-facing). The fidelity of analysis

was by topic, so several sentences could belong to the same unit of analysis or a given

response to a question could be broken into several units of analysis based on how

many topics were expressed. A quote could have one or several codes assigned to it.
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Table 4.1: Contrasting sets of values from making and HCI

Making HCI
Value Definition Value Definition

Individualistic One person, identity, Collective Many people or
personal things, society

Artifact-based Things created, Interaction-based Interactions with things
tools for making or people

Internal-facing Serving or considering External-facing Serving or considering
self, looking inwards others, impact

Table 4.1 summarizes the definition of each value used when coding.

The second level of analysis looked separately at each value and co-coding between

pairs of values (for example, all the quotes that were coded as both individualistic and

artifact-based). I used an iterative open-coding technique to find emerging themes to

characterize the ways each value or set of values manifested. During the secondary

level of coding, I also coded whether participants expressed the values as values of

their own or if they were simply noticing that those aspects were there. Additionally,

I coded whether the participant was discussing their own participation within State-

ment Making, their perceptions of Statement Making as a whole, or general thoughts

they had that are independent from Statement Making.

4.3 Results

4.3.1 Participants

Interviews were conducted in August and September 2019. There were a total of

16 participants (12 designers, 2 faculty mentors, and 2 students who volunteered or

helped in other ways). Due to the low number of non-designers who participated in

the study, I only include the 12 designers in this analysis. 6 designers were women, 1

was non-binary, 5 were men. Regarding race / ethnicity, participants reported that

they were African American (1), Indian (1), mixed (1, black and German), Latino (1),

Asian (2), and white (6). Table 4.2 summarizes the backgrounds and participation

details of the study participants and table 4.3 summarizes the years of participation.
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Table 4.2: Study participants who designed pieces for the show. * participated
through a digital fabrication Art class. ** participated in a class focused on ex-
ploring computation in clothing taught by Dr. Latulipe *** participated in a class I
taught focused on designing to prompt reflection about interaction with technology

Major #
Times
Partic-
ipated

Part
of a
Team?

Design(s)

P1 Art 2 Yes Fictional science fiction character; cos-
tume with functioning prosthetic arm

P2 None,
identi-
fies as
Designer

1 No Light-up jacket that responds to music

P4 *** Computing 1 Yes Government-controlled headpiece from
alternate future that lights up based on
wearer’s creative contribution

P5 Computing 1 Yes Costume based on model’s identity and
cultural heritage

P6 ** Computing 1 Yes Pair of shirts for remote communicate
through touch and haptic feedback

P7 Architecture 2 Yes Cosplay characters from Star Wars and
Zelda

P8 * Art 1 Yes Poncho with message about water
waste in textile industry

P12
***

Computing 1 Yes Hat and glasses from alternate future
based on social media over-use

P13 Computing 1 No Jacket with painted message about
immigration-related injustices

P14 Computing 3 Yes Dress that lights up when lightning
strikes the state; color changing light-
up shirt; shirt that changes color based
on emotion of someone standing in
front of the wearer

P15
***

Computing 1 Yes Glove and shirt that display an incrim-
inating message when phone is over-
used

P16 Architecture 1 No Parametric design-generated pattern
on dress
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Table 4.3: Years of participation. “X” indicates the interviewee participated as a
designer. “(x)” indicates the interviewee was present at the event.

2017 2018 2019

P1 X X
P2 X
P4 X
P5 (x) X
P6 X
P7 (x) X X
P8 (x) (x) X
P12 X
P13 X
P14 X X X
P15 X
P16 (x) X

4.3.2 Timing and Influences on Participants

Since Statement Making changed over the years and each participant engaged with

it in a slightly different way, I reflect here on some of the possible influences. All of

the participants except for P1 and P16 participated in the most recent iteration of the

event, which means most of the participants were commenting, at least in part, on the

most developed and evolved version of Statement Making. Some of the participants,

such as P14, participated multiple years. In many cases, these participants discussed

how their participation or perception changed, and I discuss these details in the

relevant sections below.

It is possible that some of the participants were influenced by interactions or con-

versations they had with me or that I unknowingly promoted the values of HCM in

the makerspace or the Statement Making event. P8, for example, said they heard

about the show when I came to one of their art classes to introduce it. When I

introduce Statement Making to classes, I typically emphasize the range of different

directions participants take, mentioning how some make a political statement, some
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experiment with a novel fabrication technique, or some explore techniques for more

sustainable clothing. P8’s project centered around the topic of sustainability, which

may have been influenced by that initial introduction.

As indicated in Table 4.2, some of the participants (P4, P12, P15) participated

in Statement Making through a class that I taught and were likely influenced by

the ideas discussed in that class such as using design to reflect on different possible

versions of the future. Some of their responses to the interview questions reflect this

influence, which I draw attention to in the sections below.

4.3.3 Overview of Coding and Co-Coding Occurrences

As discussed in the methodology section, I began by coding for instances of the 6

values. Figure 4.1 shows the number of times each value was coded and the connecting

lines show how many times each pair of values were coded together. I present this not

to draw any quantified conclusions about the the extent to which Statement Making

promotes each value; rather I present this breakdown to contextualize the following

analysis of the values themselves.

4.3.4 Artifact-based and Interaction-based

There was evidence of artifact-based and interaction-based mindsets and practices

that manifested separately as well as together.

4.3.4.1 Artifact-based

Many of the times artifact-based mindsets and practices manifested, participants

were discussing or noticing artifacts in a significant way, but were not emphasizing

them as a value. For example, when asked what they would make if they participated

again, some participants answered in terms of what technology they would use (P1,

P6, P8). For example, P8 said “I know I want to involve lights. I’m not sure how

yet” and P1 “would get more into the technical side of it.” When asked what was

memorable about previous years, some participants answered in terms of the artifacts
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Figure 4.1: Nodes in this diagram represent the values (orange for HCI values, blue
for maker values) and the size of the nodes roughly maps to code frequency. The
connecting lines are weighted to roughly map to the frequency of co-coding between
pairs of values.
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they saw on stage (P1, P8, P12). This is in contrast to participants who answered

these questions in terms of the ideas behind the pieces or the purpose they would

want to achieve.

There were several instances where artifacts were an important part of participants’

general practice. P8, an art student, was discussing the challenge of communicating

an idea to others through art and said the best way to get better is to learn more

about “technical practices for placement of objects, color, tone, gestalt principles”,

in other words, study more about artifacts. P16, an architecture student, thought

the “politicalness of it distracted from the technology aspect”, preferring more of an

emphasis on the artifacts.

Artifacts also invited participation. P5 reported that it was a particular fibre optics

piece from the former year that prompted them to participate. P8 and P16 decided

to participate because they wanted to learn more about specific technologies. P1 saw

the artifacts they were creating as a way to inspire others regarding what is possible

with digital fabrication or prosthetics. Artifacts were also sources of exclusion, as

P4 said that before participating in Statement Making during a class, they were not

interested in it because it seemed very “hardware-based” and thus outside of the realm

of a “normal comp sci student who’s just involved in software”.

Artifact-based mindsets and practices were co-coded with individualistic several

times among P2 and P5, who both expressed positive sentiment around the com-

bination of values. They talked about how they put aspects of themselves or their

personalities into the artifacts they were creating, such as “an entire hat out of balsa

wood and then those panels actually have like hand drawn pictures of things that

were important to all of us” (P5).

4.3.4.2 Interaction-based

Participants discussed several types of interactions, described below.

Several participants commented on how the event prompted conversations between
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participants, particularly across disciplines (P2, P14, P15, P16). Some participants

described the goal of their artifact to be prompting conversations, or how the pieces

at the event prompt conversations; most also indicated this was a positive aspect

of participation (P5, P12, P15). P5, for example, noted how the event “opened up

a lot of conversations that I think in a lot of spaces wouldn’t have been as cordial

and as civil” and P12 thought their piece could have prompted conversation beyond

the event attendees in how “it definitely made people think in that room. And there

were a few hundred people in there maybe. So it made them think. And it opens up

conversations with their friends and then their friends.”

Some participants made artifacts that had other interaction-based goals, for exam-

ple to mediate remote human connections and communicate the value of connection

(P6). P16, an architecture student, treated their participation similar to the way

they treat architectural models, as a externalization of a concept to interact with and

reflect on: “...you play with different forms and physical aspects.” (P16).

All the participants made something that was worn by a human, so there was some

level of interaction. However, participants treated this aspect with differing levels of

depth. P7 wore their own piece to avoid working with a model entirely, which was one

of the few instances of explicitly not valuing interaction. Several participants took

care to incorporate their model’s comfort and basic usability into the piece (P12, P5).

The next level of consideration for the model had to do with more complex motion and

human behavior (P15, P2). P2 considered the fluidity of the body while dancing and

did not want their jacket to hinder that. P15 noted the nuance of creating something

aimed to change someone’s behavior, specifically how you can not just create “a robot

that would tell you” what to do directly, but a better approach is what they made,

where “you put on the clothes and you’re now enveloped in the technology”.

At an even deeper level, P5 worked closely with their model to create something

based on the model’s identity and culture. P5 reported getting to be part of a
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“bigger thing”, which was “having the opportunity and the honor to be part of [model]

honoring herself and the women of her heritage and her culture”. P13’s piece was

about US immigration, which drove P13 to have conversations with neighbors and

friends to understand the stories of people who had been unfairly affected by laws

and policies. The names of those people were incorporated into P13’s piece.

Several participants commented on how having their piece on a model in front of

an audience brought different life or meaning (P2, P13, P15). For example, P15 said

“I think it’s hard to look at a mannequin and say oh that’s me.” P13 realized that the

physical features of the person wearing the piece, such as hair and skin color, would

also change the audience’s perception. P8 and P15 commented on the challenges of

creating something to communicate a particular message since you can not control

how it is perceived.

Lastly, several participants mentioned broader and more general interactions be-

tween humans and technology (P1, P12, P16). For example, P1 saw a relationship

between Statement Making as a whole and “Black Mirror stuff and all that cool like

conceptual things. All that has to start with someone having an idea, like what if we

wore contact lenses that recorded everything. How does that technology work. And

so I think part of Statement Making was exploring these ideas.. and especially wear-

ables. How do people interact with clothing, how do they interact with the world?...

Do computers have a role to play in wearables?”

4.3.4.3 Artifact-based and Interaction-based

There were some instances where participants discussed a shift from artifact-focused

to interaction-focused or something else. Both P1 and P14 participated multiple

years, starting off with technology or technique-related interests and adopting a more

idea-based participation in later years due to collaborations. For example, P1 worked

with a model who had a limb difference the second year to create a costume based

on her identity. When asked what “make a statement” means, P1 responded “I kind
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of took a dump on that whole thing. Because I definitely put the statement last I

thought. Which was kind of my bad. I wish I would have had something stronger

to say. But I was more focused on making a cool thing you know, which you know

wasn’t really my proudest moment. You make a robot helmet, it’s like OK but why.”

Interacting with the model and seeing her on stage were the most rewarding parts of

the P1’s participation in the second year. P14 participated 3 years in a row, making

a dress that lights up when lightning strikes in the state, a color changing LED shirt,

and then a shirt that changes color based on the emotions of the person standing

in front of the wearer as a commentary on emotion and toxic masculinity. P14 was

driven by an interest in the technology throughout, and describes how the last idea

with the toxic masculinity came about as the result of an initial interest in emotion

detection technology and some conversations with the model about men and emotion.

P14 describes how the idea came about: “[My co-designer] and I initially met and

we knew we wanted to do something with computer vision. And recently I had been

learning about machine learning and I had found some really cool libraries to work

with for detecting emotions and I showed them to [co-designer] and he got on board,

but we still didn’t really know what we were going to do with it until [our model]

talking about how this could be applied to toxic masculinity and that’s what we can

make the piece about... and we were like ok, I think we can put something together

here. And then we can form the piece around that, which I was super excited to get

behind.”

Similarly, P4 describes how within one project, the focus shifted from the artifact to

the ideas. They knew they wanted to make a dress that lights up, has a stunning visual

component, and somehow transforms over time. From there, they asked themselves

what it would be like if everyone dressed like this, what it would mean, and eventually

constructed a conceptual alternate reality that their piece was part of.
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4.3.5 Individualistic and Collective

4.3.5.1 Individualistic

Individualistic mindsets and practices manifested in several different ways, all re-

lating to the designers: emphasizing designers’ uniqueness, designers being driven by

personal interests or identity, designers’ expression or voice, designers being proud of

their accomplishments, or designers’ learning experiences. Details of each category

are below.

Some participants made several statements about how Statement Making encour-

aged uniqueness or identity in some way (P4, P5, P7). P5 valued how Statement

Making was “a space that allows people to not only be themselves, but to be the

loudest and brightest version of themselves” and P4 noted how “Statement Making

allows you to represent who you are as a person.”

P5, P8, P13, and P16 perceived Statement Making as supporting or emphasizing

voice or expression. P5 was the only participant who talked about marginalized voices,

noting “I think in every set of models, there was a person of color, there was a woman.

There was someone who is somehow marginalized in American culture, who don’t get

their voices heard.” P5 also expressed a perspective on the role of voice in activist

spaces and the value in being supported for doing something personal: “I think on

some level we discounted ourselves because other statements felt so important. And

it wasn’t until the end that we were talking to people who were like that’s brave to

put yourself out there like that and we were like wow, someone actually thinks the

statement we were making has value. I think in activist spaces and in art spaces it’s

very easy to feel like you are not doing enough.”

P1, P2, P5, P6, P7 all expressed interest in participating due to personal interest

or identity. For P1, “it was more about expressing or chasing some kind of dream

of mine more than it was about telling the world what I thought about something.”

P6 was working with a group of students from foreign countries who wanted to make
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something that would help them connect with people back home. P5 wanted to

participate again, making something centered around their “queer identity and being

a disabled person”.

P12 and P15 mentioned they were proud of themselves for participating, which

was co-coded with internal-facing. P13 speculated that in general, Statement Making

gave designers something to be proud of.

Additionally, some participants (P1, P5, P14) talked about individualistic mindsets

and practices in relation to the model. P5’s and P1’s groups both worked closely with

their models to create something built off of their identity and personality. P5 and

P14 mentioned how empowering it must be for their models or models in general to

wear such meaningful pieces.

A significant number of instances of individualistic practices and mindsets were

co-coded with other values. Two were co-coded with artifact-based, as discussed in

the artifact-based section, where individuals described putting part of themselves into

their artifacts. P1, P2, P5, P7, P8, P12, and P14 all said something that combined

individualistic with external-facing mindsets and practices. P5, P7, P8, and P14

discussed how Statement Making simultaneously afforded an experience that was

personally and externally meaningful. For example, P7 commented on how “the

message people are trying to give out is very powerful. Just to themselves and also

to what they are trying to make a statement about.” P5 commented on the dual

emphasis on “things that are impactful and personal”. P1 and P7 talked about showing

off their skills to others, both for their own benefit, and for the sake of exposing

others to their personal interests. P7 talked about pieces that had a message (such

as sustainability) and discussed how Statement Making did not only focus on the

message, nor did it only focus on making nice things, but rather it allowed both, as

participants could “be creative and find their edge on what is going on” with the big

issues.
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4.3.5.2 Collective

When collective mindsets and practices manifest, most of the time they were in

conjunction with other codes. There were very few instances where they showed up

in isolation. A few people (P12 in particular) had several quotes that expressed this

value. One of the ways collective mindsets and practices were evident was when

participants referred to a collective “we”, implying that they perceived themselves to

be part of something larger (P4, P8).

P2 was excited about the elevated culture of light up clothing, saw himself as a

trendsetter in that culture, and spoke about how some people spark or ignite others.

They talked often about wanting to spark a culture where people embody his mission

statement to “Stand up, step out, and get elevated.” They refer to culture in a

collective way.

P4 participated in Statement Making as part of a class and used their piece to

explore an alternate future where everyone wears the same thing and the government

uses it to control their behavior. They were thinking at a societal level in terms of

what it would look like for everyone to wear their piece and how systemic hierarchies

of power would influence the experience.

P16, who, as discussed in the artifact-based section, felt the “politicalness” dis-

tracted from the technology, said that the collection of perspectives at the show was

actually helpful in that it freed them from feeling tied to any one type of approach.

P16 also wanted to participate again, but wanted to make a collection of artifacts,

since it is a common practice in architecture to use a series of artifacts to reflect on

variations of a technique.

The rest of the instances of collective mindsets had to do with how actions can

compound to create change, collective trends in technology or digital fabrication,

and what their role in relation to those things were. For example, P14 said that

“computer science has some real diversity problems and some really siloed problems
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into our way of thinking and how we take on certain problems, and any opportunity

to break the silo and communicate with other people and talk to other people who

have very different ways of thinking than us is very valuable. Not just for us but

for people in general for creating software. For our careers and for our lives. Just

not getting into the group think mentality”. P12 said that participating in the show

put questions into their head such as what happens when their city gets 5G and

self-driving cars: “most of the time it is people who are making money from this who

aren’t considering all the possible negative effects it’s going to happen on normal

people, which is very troubling to think about. But you also can’t really stop it.”

Several expressed the viewpoint that technology is a strong force that is difficult to

control (P12, P13, P14), but through small actions, one person can initiate change.

P12 and P14 saw Statement Making in general and the things they were doing as

participants as helping to drive that change.

P2 and P16 were the only two participants who explicitly communicated collective

as a value. P16 valued looking at a collection of artifacts instead of just one to better

understand a technique and show“iterations of one idea that kind of continues.” P2

valued the idea of an “elevated” culture of light up clothing.

There were several values that repeatedly co-occurred with collective practices and

mindsets. External-facing mindsets and practices co-occurred with collective 6 times

among P2, P12, and P14, which is not surprising because considering something at

a collective or societal level often inherently involves considering aspects external

to one’s immediate context. The quotes that were external-facing and collective fit

emphasized computing, technology, digital fabrication, or Computer Science as a

whole. P2, for example, who wanted to create a culture around light up clothing,

said they were “very interested in finding more people like me”.
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4.3.5.3 Individualistic and Collective

Individualistic and collective mindsets and practices only co-occurred among two

participants, both of whom pointed out how individual actions can spread or com-

pound. P2 described how they see themselves as a front-runner, exploring their own

interest in light up clothing, but with the broader goal of sparking a larger elevated

culture: “sometimes we don’t realize just how powerful our actions can become for

others... I consider myself a forerunner or just a person who is there before I’m even

there. My ideas kind of shift into the future and I’m like hey - this. This is important,

this matters. This means something and you need to get it, get a move on it. roll the

ball in that way. Light the rocket. Blast off into that space.”

I asked P12 whether they felt they had control over the future of technology, and

P12 shared some personal views: “I wouldn’t say that I personally have control over

it because it’s going to evolve whether we want it to or not just because the cats

already out of the bag kind of thing. So people over the world are going to be

creating whatever they want to. But I think that one person could start a movement

to change the way that certain aspects of technology are going.” This view is not

directly related to Statement Making, but P12 also reported that they felt they were

contributing to that movement through their project in how it “...definitely made

people think in that room. And there were a few hundred people in there maybe. So

it made them think. And it opens up conversations with their friends and then their

friends.”

4.3.6 Internal-facing and External-facing

4.3.6.1 Internal-facing

The largest category within the instances of internal-facing mindsets and practices

had to do with participants who participated because they wanted to learn something

or perceived the value of Statement Making in terms of their personal learning (P2,
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P7, P8, P13, P14, P16). For example, P16 wanted to learn a particular 3D modeling

software. P8 and P16 viewed other pieces as windows into opportunities and resources

they could adopt, such as “technological processes that were available to me as a

student” (P8). P2 had been hoping to find more connections to people who were

doing similar things so as to improve what they made.

When asked what sort of impact they hoped their piece would have, P5 and P6

answered in terms of the benefits it brought to the group that created it: P5 said

“I think for people who were involved it was really obvious. I think for people in

[model’s] life it was really obvious. I think for people in the crowd, they were like

that’s a cool little green witch ... [model] was like its the prettiest I’ve ever felt. I felt

so in my element. I felt great. And that’s all we really cared about at the end of the

day.”

P4, P12, and P14 commented on how their piece or the experience prompted them

to think about other aspects in their own life. For P4 and P12, this was technology

usage: “I actually looked at my phone, which can track your screen time. And I

looked at mine and it was ridiculous how much time I spend on social media. ... It’s

crazy how much time you spend. And it really made me think that I need to take

my own advice and listen to my own statement and cut back on some.” P14, one of

whose pieces dealt with the topic of toxic masculinity, said “it got me thinking about

my life and my relationships with other men that I know and things like that”.

4.3.6.2 External-facing

External-facing mindsets and practices was the most frequent value, but most were

co-coded with other codes, many of which have already been discussed. Most of the

instances of external-facing were neutral observations, it was rarely expressed as an

explicit value.

Several participants suggested that an area for improvement would be for Statement

Making to improve its reach to more participants or audience members, or they
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commented on how wide its reach already was (P1, P2, P4, P5, P6, P8, P14, P16).

P4 also commented on how before getting involved with Statement Making during a

class, they perceived it as being rather “niche”.

Many of the pieces participants made were external-facing by touching on themes

or topics that were political or matters of concern for the general public or intended

to touch on such themes in future years. Specific topics included immigration reform

in the US (P13), Hong Kong protests or surveillance (P14), poverty (P15), water

waste in the textile industry (P8), over usage of social media (P12), toxic masculinity

(P14), and exposing prosthetics in a positive light (P1).

Several others showed evidence that they associated Statement Making with some

sort of external goal (P7, P12, P13, P15). For example, P12 defines Statement Making

as “something that is pertinent to what people are dealing with right now in their

lives”. P1 and P5 considered the broader context within which Statement Making

exists, such as how the political context of 2017 put people in a certain mindset (P1)

or how the conversations happening as part of Statement Making relate to computing

culture.

P4, P8, P14, and P15 mentioned the exposure to different disciplines that State-

ment Making affords. P14 found this particularly valuable, stating that “there is a

lot to be said about cross disciplinary communication. So much of the college expe-

rience is siloed into majors and different departments and people sticking with what

they know. A lot can be said about getting people to talk to each other and getting

students to talk to each other. So there is a lot of value in that”.

4.3.6.3 Internal-facing and External-facing

Earlier, we discussed the intersection of individualistic and external-facing, where

participants expressed perceptions of Statement Making as being both about personal

expression and external goals. Similarly, there were instances of internal-facing and

external-facing co-occurring in a similar way. P1, P7, and P8 discussed how partic-
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Table 4.4: A selection of quotes that illustrates examples of each value and how they
overlapped

Individualistic Both Collective
"A space that allows people to
not only be themselves, but to be
the loudest and brightest version of
themselves" (P5)

"Impactful and personal" (P5) "I think that it definitely made peo-
ple think in that room. And there
were a few hundred people in there
maybe. So it made them think. And
it opens up conversations with their
friends and then their friends" (P12)

Internal-facing Both External-facing
“It was more personal learning. I
know a lot of the pieces were very po-
litically driven and such but I wasn’t
really interested in that. I wanted it
to be more of the digital technology
side of the statement. so mine was
more of a personal learning experi-
ence.” (P16)

“The idea of showing off your work
but doing it in a way that’s very
meant to bring yourself up and other
people around you” (P8)

[Statement Making is] “something
that is pertinent to what people are
dealing with right now in their lives”
(P12)

Artifact-based Both Interaction-based
"My goal is to do it to the quality of
like a production designer on like a
movie or a commercial where its like
wow that thing looks like real" (P1)

"Recently I had been learning about
machine learning and had found
some really cool libraries to work
with for detecting emotions and I
showed them to [group member] and
he got on board, but we still didn’t
really know what we were going to
do with it until [model] started talk-
ing about how this could be applied
to toxic masculinity and that’s what
we can make the piece about." (P14)

"I think that bigger thing was hav-
ing the opportunity and the honor to
be part of [model] honoring herself
and the women of her heritage and
her culture ... and to be allowed the
space to be a part of that. Because
I never would have had that experi-
ence, I never would have heard those
stories, I never would have had the
opportunity to sit in her mom’s liv-
ing room and meet her family." (P5)

ipating can be both beneficial for the participant and for others. For example, P8

discussed “..showing off your work but doing it in a way that’s very meant to bring

yourself up and other people around you. Like the one ... piece that was like cello-

phane and it had a bunch of words on it and it was definitely a feminist statement

and I feel like she was empowered when she made that.”

4.4 Discussion

I return to the research questions and discuss where HCM lives and how our results

shed light on the relationship between the values. Table 4.4 provides a selection of

quotes that highlights the values and places where they overlap. While manifestation

of the values may be influenced in part by participants’ personalities, I also reflect on

aspects of the event that may have prompted or afforded the results.

4.4.1 Relationship Between Values

Balance Between Artifact-based and Interaction-based Mindsets and Practices
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I found evidence for strongly artifact-driven participation as well as interaction-

driven participation. Some of the participants were motivated by the technology, by

the opportunity for learning, and making cool stuff (P1, P2, P7, P16). Others were

driven by interactions with the model or by interactions with technology (P5, P6,

P12). For example, P7 and P16 had perhaps the strongest focus on the artifact –

P7 avoided working with a model altogether and P16 found the ’politicalness’ to be

distracting from the technology. However, other participants viewed their work in

terms of various interactions: P1 viewed P7’s piece as an invitation to a particular

making community, or an indicator that “ok, they let the nerds in here”.

I found evidence within the participants that there are many opportunities for a

focus on artifacts and a focus on interactions to co-exist. In fact, there was evidence

where one value even influenced or led to the other: Artifact-based is sometimes

the starting point for interaction-based (such as where P1 and P14 started with a

primary artifact focus and later expanded to incorporate interactions), and sometimes

interaction-based is the starting point for artifact-based (such as with P12, where

general interactions between humans and technology inspired the artifact).

In reflecting on the aspects of Statement Making that may have fostered this bal-

ance between artifact-based and interaction-based mindsets and practices, a con-

tributing factor may have been the focus on wearables and clothing. By taking the

format of a fashion show, all participants made something that was worn by a hu-

man, meaning there was an interaction with the artifact to consider. Participants

considered this interaction to varying degrees: some ignored it, some thought about

the comfort or ergonomics of their piece, and some focused on the identity and per-

sonality of the model. By focusing on making things that directly interface with

humans, the event provided opportunities for varying degrees of focus on the artifact,

the interactions, or both.

While there was evidence of deep interaction-based experiences (P1, P5, P13),
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many of these interactions were not evident to the researchers until the interviews

happened. For example, the researchers and event directors did not know that P5 had

formed connections with their model’s family or that P13 had interviewed immigrants

who were unfairly treated. Interactions are generally less visible than artifacts. To

be fully promoted or supported, there need to be explicit pathways and emphasis in

place. Statement Making explicitly fosters conversations before and at the event, but

there were some interactions that arose organically through working with a model.

Balance Between Individualistic, Internal-facing, Collective, and External-facing

Mindsets and Practices

I consider these two sets of values together because external-facing mindsets and

practices were found to frequently co-exist with both individualistic and internal-

facing mindsets and practices. There was evidence of a simultaneous acceptance of

both sides of these value sets, where participants acknowledged the presence of both

internal and external-facing as well as individualistic and collective mindsets and

practices without conflict or hierarchy. For example, when P5 mentions “impactful

and personal”, this shows the casual acknowledgement for both aspects. There was

also evidence that individualistic or internal-facing values were actually important

for collective or external goals. For example, P5 appreciated feeling valued for doing

something personally meaningful in an activist space that they otherwise did not feel

important enough for, P7 commented on finding a personal take on a big issue, and

P8 commented on “bring[ing] yourself up and other people around you”. These points

indicate how in endeavors for social good or civic action, while the external purpose

is the driving factor, it is still important for individuals to feel like they have a place.

The prompt of “make a statement” may have contributed to the balance between

all of these. Participants could focus on the “making” part of the invitation with

artifact-based approach. Or they could focus on the statement part either as a verbal

statement or as a “statement piece”, as artifacts in fashion are sometimes called. The
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statement aspect could be interpreted in a personal way such as personal expression

(internal-facing). Or it could be interpreted in terms of the impact of the statement,

such as making a political statement or promoting an agenda for civic action (external-

facing). The prompt also implies that everything has meaning; even if the maker did

not intend to make a statement, they know the audience will be watching through

that lens and interpreting for themselves. Participants recognized this duality and this

ambiguity in their comments about how the event invites both personal expression

and externally meaningful actions.

4.4.2 Where HCM Lives

Reflecting on the relationship between internal-facing and external-facing goals

within Statement Making helps us understand one of the key places where HCM lives

that we might not have realized otherwise. The internal-facing goals were to provide

a platform and support for the participants’ endeavors and personal growth. It also

provided the opportunity for (and even inspired or prompted) individuals to adopt

agendas towards political change or civic action, while not telling them which agendas

to pursue or dictating that they participate in this way. It was seen as having broad

participation (though it could certainly improve in this area) and welcomed multiple

disciplines.

While the civic agendas and broad participation could be seen as external-facing,

I believe the event also has meaning beyond the sum of the individual pieces, though

it is hard to articulate what that is. Part of that meaning might be captured in the

description the directors put in the pamphlet the third year: “With Statement Making,

we call the community to action to help us ignite a shift in the relationship between

digital technology and humanity. This is a shift from being passive responders to

active creators. This is a shift from letting technology reinforce oppressive norms to

using technology to disrupt them.” This framing explains what Statement Making as

a whole is working to do and why it is important to have a platform that highlights the
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contributions of individuals. Interestingly, this external-facing message of Statement

Making is strengthened if the participants within Statement Making have internal-

facing and individualistic pursuits of their own. The external meaning may also come

in part from how all the pieces were positioned on a stage that had a statement about

sustainability itself, thus not only directly communicating that as a possible value for

voluntary adoption, but also positioning all the individual making endeavors against

a backdrop of waste, consumerism, and mass production.

This suggests that a key aspect of HCM is the dynamic between how the goals of

the context relate to the goals of the individuals and how external goals may in fact

be strengthened by internal-facing and individualistic ones.

4.4.3 Outcomes and Future Work

The purpose of this study was to understand how Human-Centered Making man-

ifests in making contexts as well as how and where to look for it. Specifically, we

learned the following points.

• Human-Centered Making is something that lives not just in an individual or

a context for making, but rather in the ways they interact with each other.

If maker leaders or HCI researchers are to study this phenomenon, they need

to understand these dynamics. I do not expect that this study alone provides

enough insight about HCM to inform how maker leaders could go about im-

plementing or promoting it, but if they do, they would need to take a holistic

approach that not only provides opportunities for individuals to adopt these

values, but also reframe the context within which the individuals operate to

allow for these dynamics to emerge.

• If there are values on the making side and HCI side in a context or individual,

it can still be Human-Centered Making, and there are times that the values

on the making side actually strengthen or support the values on the HCI side.
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This means that there is no evidence that maker leaders and HCI researchers

who are supporting artifact-based, individualistic, or internal-facing endeavors

should completely abandon or discourage those efforts. It also means that if

maker leaders would like to implement or promote HCM, they would need to

balance the incorporation of the HCI values with any making values that are

already there.

While this study was primarily conducted towards the goals of developing the

NTHCM, the implications of which will be discussed in Chapter 8, these results

may also have merit as a contribution to HCI research independent of that broader

discussion. For example, this understanding of the relationship between values that

were chosen to represent an alignment with making and values that were chosen to

represent an alignment with HCI research and practice may be of interest to HCI

researchers who have claimed interest understanding how HCI research can draw

on making or DIY culture as a way to upgrade formal HCI design practice [11, 16,

115]. Understanding relationships between the making and HCI values sheds light

on concrete aspects of making that could become part of HCI design or ideation

processes. For example, HCI researchers could participate in individualistic internal-

facing activities where they prototype devices of some sort that express their identity

as part of a design process, later reflecting on the interactions or the collective meaning

of what they created, mirroring the way artifact-based and individualistic practices in

Statement Making laid the foundation for meaningful interactions and a meaningful

collective.

Overall, this analysis has shed light on ways the 6 values of HCM manifest individ-

ually and how they might interact with each other. I have only studied one context

in this way, so future work is needed to see how the values interact in other contexts.

There may be a more extensive taxonomy of ways the values can relate. However,

I can use this knowledge gathered so far to inform the studies in the next chapters
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to see the extent to which HCM is a helpful construct to reflect on existing maker

contexts (Chapter 5) and to guide future maker efforts (Chapter 6).



CHAPTER 5: HCI CAPSTONE COURSE STUDY: USING THE NTHCM AS AN

ANALYTIC LENS

This chapter presents an analysis of a particular maker context using the NTHCM

as a lens. The purpose of this analysis was to answer the following research question:

Is the NTHCM helpful for researchers or makerspace leaders to draw in-

sights regarding a particular maker context or to shed light on how to

improve it?

To answer this question, I used the NTHCM as a lens during qualitative analysis

on data collected from a capstone course for HCI students. The capstone course was

conceived of and run by Dr. Wilson and myself, and focused on applying advanced

HCI techniques such as Participatory Design in a project related to 3D printed pros-

thetic devices for children with limb differences. In the following sections, I describe

the initial research and learning goals of the course, details of how the course was

conducted, why this context was appropriate to study in the development of the

NTHCM, the results from the study about the course, and what the results mean for

the NTHCM.

5.1 HCI Capstone Course for Prosthetics

During the Fall 2019 semester, Dr. Wilson and I ran a capstone course that centered

around assistive devices for a group of five computing students who were concentrating

in or had an interest in HCI. The primary goal of the course was to serve as an

educational experience for the students, though I also planned to use gathered data

from the course for research.
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5.1.1 Motivation

Non-profit organizations such as e-NABLE and the Helping Hand Project [1, 3] use

open source 3D designs to create low cost recreational prosthetic devices for children

with limb differences. These groups have been of interest in prior HCI research, some

of which I discussed in Chapter 3 when discussing examples of the making values. In

summary, some of the main findings from this research are that the volunteers who

create these prosthetics are focused on the devices themselves without necessarily

considering many of the risks or safety concerns; many device recipients abandon

their devices quickly since the functionality they bring is not significant, though they

still appreciate the social aspect of being part of the community [154, 99]. There is

also literature that highlights the experiences of people who through fabricating and

iterating on their own devices have a meaningful experience that relates to identity

[95, 27].

This related work led us to our own investigation of the relationship between the

volunteers who make devices and the device recipients. There was a group of students

on campus who participate in these sorts of activities, a local chapter of the region-

ally based Helping Hand Project [3], which is associated with the larger e-NABLE

organization [1]. I interviewed a few of these students and found that some of the

ways they described the relationship with the participants were not as empathetic

or nuanced as might be possible [150]. As an HCI researcher, I saw ways that HCI

methods might be relevant in these practices. For example, understanding interview

techniques from user-centered design processes, participatory design, and ethnogra-

phy might help volunteers recognize the nuance of creating prosthetic devices for

children with limb differences and approach the task from a people-centered perspec-

tive rather than a device-centric perspective. This realization lead us to create the

capstone course. We had several goals in mind as we created the course, some of

which have changed since:
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• Original Research Goals: We wanted to see if students with an HCI background

approach the task of working with someone with a limb difference differently

than other maker volunteers we interviewed and read about. The capstone

course would shed light on what aspects of HCI the students drew on throughout

the project and would inform HCI-related learning modules for makers. While

we created and ran the course at the same time that I was developing the

NTHCM, we did not directly consider the 6 values of the NTHCM to inform

the course.

• Outreach Goals: We wanted to support the goals and desires of the project

participant, who had received multiple 3D printed prosthetic devices in the

past. We wanted to create space for a project to serve the participant, whether

that was in the form of customizing a device, exploring different applications of

3D printing, or something else entirely.

• Learning Goals: We wanted the students to learn advanced HCI techniques

such as Participatory Design and to get experience with reading and writing

HCI research papers.

5.1.2 Justification for Using this Context for the NTHCM

While my research questions, detailed below, have changed since running the cap-

stone course, it remains an appropriate context to study by using the NTHCM as an

analytic lens. One reason is that the original research goals and the learning goals

of the capstone were in line with the goals of the NTHCM. Specifically, the capstone

aimed to explore the possibilities of bringing HCI mindsets and practices into the

common maker endeavor of creating 3D printed prosthetic devices for children with

limb differences. Our research and community goals were to understand what HCI-

related mindsets and practices students who have a background in HCI drew upon as

they approached the task. We planned to use these findings to inform the design of
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possible activities or other types of interventions for makers to provide opportunities

for the work they were doing with children with limb differences to be even more

meaningful and impactful. Since the goals of the capstone were closely related to the

goals of the NTHCM, it made it a reasonable context to use for testing the usefulness

of the NTHCM as an analytic lens.

Reflecting on the structure of the capstone at a high level also sheds light on ways

it may not have fully met the criteria for democratization introduced in Chapter

3, indicating there are ways to improve, and the NTHCM may help determine the

specifics of those improvements. The students in the course may have had some

opportunity for exploring the pleasurable and expressive aspects of digital fabrication

themselves, but because of the structured nature of a course, the main focus was

on utility (NC1-a access). The project for the semester was to work with a high

school student with a limb difference, and while there may have been room to explore

pleasure, utility, and expression, the group was mainly focused on the utility aspect

of device functionality (NC1-a access). The narrow focus on device functionality may

have been an indicator that there were not enough mechanisms in place to help the

students or the participant they were working with know the possibilities and feel

empowered (NC1-b access). The course did center around accessibility, so the focus

invited the topic of social progress, however there was not much room for the group’s

own concerns or dialogue to emerge due to the structured nature of the course (NC2

social progress). As a structured course, there was not much risk involved seeing as the

instructors guided the process along the way (NC3 risk). Because there seems to be

room for the capstone course to improve in terms of the criteria for democratization,

it was an appropriate context to look at through the lens of the NTHCM.

5.1.3 Course Overview

As a capstone, the course was heavily project-based and left significant room for

the students to shape and lead the experience. We met with all the students weekly
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for one hour to review what they had been doing and discuss what they should do

in the following week. The project revolved around working with others to design

assistive devices and the topic of participatory design. The students worked with a

local high school student who had been a device recipient of the Helping Hand Project

for many years. We introduced the task for the semester to the students in as open-

ended a way as possible. We told them they would be working with the previous

device recipient, but we were careful not to say that their main project would be

building a device for her. We were similarly open-ended about what to expect when

coordinating with the participant. We did this to leave room for the students to

shape the goals and the nature of the process and for the participant to form her own

expectations. We planned for the semester to be roughly divided into three phases.

As the semester went on, we adapted and guided the students within this framework

towards what they should focus on so that they could have a meaningful learning

experience regardless of what path the design process took. Details of the weekly

expectations can be found in Table 5.1 and an overview of each phase of the course

is detailed below.

The first phase involved learning about the Helping Hand Project, 3D printing,

and the existing open-source devices. The students were assigned HCI readings on

assistive devices, were told to browse around the online e-NABLE community, and

3D print a Raptor Hand prosthetic device to practice the process.

The second phase involved beginning to work with the participant and continuing

to learn digital fabrication techniques. Their goal of the second phase was to create

a practice device with the participant using a process similar to what the Helping

Hand Project does as quickly as possible. The reason for this was for the students to

understand the limits and possibilities of the technology before using them in a design

task. This idea is supported by Fitton et al.’s finding that the complexity of design

ideas increased when children participate in a making task before the design task [78].
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In the third phase, after that practice device, they would be able take the project in

any direction they wanted and didn’t have to base it around the specific devices. In

the second phase, we told the students that the purpose of doing the practice device

was for their own learning benefit and so that they could relate any of their findings

to the existing practice and process of the Helping Hand Project. We thus guided the

students in this second phase towards coming up with a plan for the first meeting with

the participant which would primarily focus on taking measurements and gathering

general input. We encouraged the students to fabricate this first device as quickly

as possible, which meant it would mostly be a straightforward download and print

process, with perhaps some minor incremental improvements over the open-source

design.

The third phase was intended to take the bulk of the semester. We assigned some

readings on participatory design and some autoethnographic accounts of individuals

who regularly build, iterate on, and wear prosthetic devices themselves. The stu-

dents were tasked with conducting an additional session or set of sessions with the

participant that enacted some form of participatory design.
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Table 5.1: Summary of weekly activities and blog post topics.

Week # Blog Topic Additional Details
2 Introduction post
2 Learning about

the community

Reading the Helping Handbook and online resources

3 Learning about

the devices

Read about devices and explore 3D printing /

modeling
3 Read Sharing is

Caring paper [40]

Comment on how the paper relates to HCI

4 Print a device Each student practice prints the Phoenix hand
4 Plan for 1st

meeting with

participant

Goals are to measure and start getting to know

participant

4 Pick and read 3

ASSETS papers
5 Answer specific

questions

Questions asked about the steps and goals of creating

an assistive device for someone, the steps and goals of

the human-centered design process, and challenges of

these processes
7 Learn about PD Students were given some links to get started and

searched for research papers
7 After 1st meeting

with participant
8 Printing device Printing basic device for participant to practice
9 Planning PD

activity

Planning for 2nd meeting with participant

10 More learning

about PD

Reading chosen papers

11 Planning PD

activity

Continuing to plan for 2nd meeting with participant

12 After 2nd meeting Reflecting on how the second meeting with the

participant went
15 Final blog post

questions

Questions included reflecting on what they learned

and how it applies to other areas, what they would do

if they did the project again, what they would think

about if they were to create an organization like the

Helping Hand Project, and what a successful

interaction with a device recipient looks like.
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5.2 Research Study

I used the capstone course as a context for study in order to develop the NTHCM.

Specifically, I asked if using the NTHCM as a lens can help shed light on what

aspects of the course worked well and where there might be room for improvement.

This analysis aimed to answer the following research question:

Is the NTHCM helpful for researchers or makerspace leaders to draw in-

sights regarding a particular maker context or to shed light on how to

improve it?

To answer this main question, I used the NTHCM to ask the following:

• Capstone-RQ1 (Participant differences): Are some participants more aligned

with HCM than others?

• Capstone-RQ2 (Change over time): Did any of the participants become more

aligned with HCM over the course of the semester?

• Capstone-RQ3 (Identify factors): Can the NTHCM shed light on what aspects

of the course influenced which values were most evident in the mindsets and

practices of the students?

For each of these questions, I also reflected on what the insights mean for us

as leaders of the capstone context and what they could mean for leaders of other

makerspace contexts in general. For example, if the NTHCM shows us differences

in participants of a particular context, how might that information be helpful to the

leaders of that context? If the NTHCM leads us to insights that can help us improve

the capstone course, it may be helpful for other makerspace leaders or HCI researchers

as an analytic tool as well.
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5.2.1 Methodology

To answer the research questions above, I used the NTHCM as a lens during a

qualitative study of the capstone course. The data used in this study was collected

over the course of the semester in the form of blog posts, plans, and papers written by

the students, as well as observational notes I took throughout the semester. Informed

consent was obtained at the end of the semester for the written material, and the

need for consent was waived for the observational notes.

Of all the data collected, the primary source of data used in the analysis was the

weekly blog posts because they allowed for longitudinal consideration as well as com-

parison between students. I performed a thematic analysis on the blog posts using

the 6 values of HCM, coding instances of each value. I conducted this coding process

on the entire data set twice to ensure I recorded all instances of the values. I then

performed quantitative and qualitative analysis on the coded data, detailed in the fol-

lowing sections. For quantitative analysis, I compared the number of instances of each

value across students and over time. I also performed additional qualitative analysis

to understand the way each value manifested over time. This involved identifying

additional themes for each value within each blog post.

The fidelity of analysis was by topic, so several sentences could belong to the same

unit of analysis or a given response to a question could be broken into several units of

analysis based on how many topics were expressed. A quote could have one or several

codes assigned to it. The second level of analysis looked separately at each criteria

and used an iterative open-coding technique to find emerging themes to characterize

the ways each criteria manifested.

5.2.2 Results

I describe the results of the qualitative analysis of the capstone course using the

NTHCM as a lens. The blog post materials from 4 of the 5 students (P1, P2, P3,
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Table 5.2: Number of instances of each value coded

Total making values Total HCI values
82 91

Artifact-
based

Internal-
facing Individualistic Interaction-

based
External-
facing Collective

54 23 5 56 33 2

P4) from the course were included in this analysis. Table 5.2 summarizes the number

of instances of each value coded. Throughout the analysis, I often group artifact-

based, internally-facing, and individualistic mindsets and practices, referring to them

as the “making values” of HCM. I similarly use the term “HCI values” to refer to

interaction-based, externally-facing, and collective mindsets and practices.

5.2.2.1 Participant Differences

I first investigated if any students were more aligned with HCM than others (Figure

5.1). P2 was the only student who exhibited more making values than HCI values.

P1 and P3 were approximately even, with slightly more instances of HCI values. P4

has the most drastic difference between numbers of values, with more on the HCI

side.
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Figure 5.1: Total making and HCI values per student

The fact that there were differences in the extent to which the students were aligned

with HCM means that while the course may have had some impact on their mindsets

and practices, it may have affected each student differently, or that students focused

on different aspects from each other in their writing or in general. To understand

why this difference occurs, I investigated some additional aspects of the data in the

next sections.

5.2.2.2 Change Over Time

To understand whether students’ mindsets and practices changed over the course

of the semester, I looked at the overall breakdown of values for each blog post as

well as the breakdown for each student. I use a centered 3-point moving average to

understand how the breakdown of making versus HCI values changes over time. I

tried several different types of trend lines such as linear and polynomial, but none

yielded an appropriate fit. The moving average is helpful for understanding general

trends with data that jumps along the y-axis. Most importantly, I use the moving

average to visually compare trends amongst the students and see where individuals

differ from the aggregate.
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Figure 5.2: Total making and HCI values per blog post topic. The blog posts listed
along the x-axis are in order of when they occurred during the semester. Most blog
posts correspond to 1 week, though there are some weeks with multiple blog posts.
Red and blue lines indicate moving average for making and HCI values, respectively
(centered over 3-blog period)

In the aggregate breakdown of values per blog post, we can see variance in instances

of making and HCI values (Figure 5.2). The moving average smooths some of that

variation out, and we see the most significant differences in moving average at the

beginning and at the end of the semester, with the beginning of the semester being

slightly more aligned with the making values and the end of the semester being more

aligned with the HCI values. It may be the case that the topics of the blog posts

at the beginning and end of the course prompted one type of values more than the

other. The qualitative analysis in the following section will help understand why the

particular values manifested the way that they did.

I also compared the moving average of the aggregate breakdown of values to the

moving average of each student to see how students progressed compared to each

other and compared to the aggregate (Figure 5.2).
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(a) P1

(b) P2

When comparing students’ charts to each other, it seems that P1 had the most

apparent difference between the beginning and end of the semester. Other than when

learning about the community, P1’s first few blog posts were heavy with making

values. The middle of the semester was a mix of both making and HCI values,
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(c) P3

(d) P4

Figure 5.2: Making and HCI values per blog post per student.
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and the last few posts were heavily HCI focused. P2 and P3 showed little change

throughout the semester. They both had a relatively similar number of making values

and HCI values from week to week. P2 may have become slightly less making-focused

as the semester went on, but ended the semester with a roughly equal focus on the

HCI and making values. P4 also ended the semester with a noticeably higher number

of HCI values than making values, though some missing blog posts throughout the

semester makes it difficult to see long term trends.

Overall, this analysis shows that not only did each student have a different break-

down of values in total, but they also progressed through the semester differently.

We can see that while some blog posts may have prompted a more making-heavy or

a more HCI-heavy response, the students still responded differently from each other.

This means that while the students may have been learning, they were learning differ-

ently or were focusing on different aspects throughout the course. To understand what

these differences are, in the next section I discuss the results of additional qualitative

analysis that looks at how the values manifested each week.

5.2.2.3 Identifying Factors

In this section, I present the results of a week-by-week analysis to understand the

ways the values manifested. For each week, I performed an additional level of thematic

analysis to group the ways the values manifested, reflecting on what aspects of the

course might have influenced the values to manifest in this way and reflecting on what

the impact of each week might have had on other parts of the course. I discuss here

the weeks that had notable findings in the form of evidence that a particular aspect

of the course influenced the values that were evident or evidence that the students’

values were changing.

In Week 2, the students introduced themselves and discussed what they were ex-

pecting to learn or do during the semester. Of the 6 quotes from week 2, all of them

had making values, two of which were also coded with HCI values. Of the making
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values, P1, P3, and P4 expressed internal-facing and artifact-based expectations: P1

was looking to build their HCI portfolio and both P3 and P4 were excited about

learning about prosthetic devices. The quotes coded with HCI values were both

external-facing and expressed interest in helping others (P2, P3). This shows that

the students approached the course with more making-aligned expectations, looking

to make devices and learn more than looking to help others. These initial expecta-

tions may have influenced their outlook in later weeks and contributed to the fact

that the beginning of the semester was more making-aligned (Figure 5.2).

In Week 2, students also familiarized themselves with E-Nable, the Helping Hand

Project, and other communities around the world doing something related to 3D

printed prosthetic devices. They explored online resources, as well as the Helping

Handbook, which is a written manual for volunteer makers. There was a high number

both of making and HCI values, with slightly more HCI values than making values. Of

the 10 instances of making values, 8 of them were artifact-based, which is unsurprising

since the focus of the communities is creating devices. Of the HCI values, about half

were interaction-based and half were externally-facing, commenting on the value of the

support community, the interactions between different people who are involved, and

the different ways one might interact with a prosthetic device. The only 2 instances of

collective from the entire semester were in Week 2, both from P4, and both thinking

about the diversity of the overall composition of the community creating these devices.

Overall, this seems like a good balance of values. Artifact-based was the most frequent

value (8 instances), followed by externally-facing (6 instances). This may have caused

students to perceive a primary focus on artifacts, but recognize that there are other

aspects as well.

In Week 3, students read and wrote reflections about a paper by Buehler et al.

titled Sharing is Caring: Assistive Technology Devices on Thingiverse [40]. The pa-

per begins with an analysis of different types of assistive devices in Thingiverse, an
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online platform for sharing files for 3D printed objects. The paper also presents the

results from a questionnaire that was sent to the designers who created these designs

to understand their process and motivation. The main findings highlighted that most

of the designers did not have a disability themselves, though a good portion of them

were designing for people they knew, and very few had any sort of formal training

in assistive technology. The authors suggest that this sheds light on opportunities

for increased communication between designers and people with disabilities and op-

portunities for people with disabilities to self-design tools. My own reading of the

paper was initially artifact-based, particularly the first half which includes a chart

and several pictures of different artifacts the authors noticed. A more careful reading

of the paper and consideration of the contributions, however, reveals the true contri-

butions are more interaction-based, in the form of suggestions for various interactions

between groups of people.

The students’ responses were more making-aligned (6 instances, 5 of which were

artifact-based), though there was some evidence of HCI-aligned perceptions (3 in-

stances). P3, P1, and P2 commented on how the article related to HCI, and some

responses aligned with the making side of HCM, and some aligned with the HCI

side. P3 mentioned the external-facing aspect of HCI, emphasizing the importance

of needfinding. P1 and P2 mentioned the artifact-based focus of HCI, commenting

on how HCI involves analyzing artifacts and the benefits of technology. P1 and P3

commented on the artifacts of the community, noting how many different options

there were. P2 also mentioned the artifacts of the community, but noted that the

interactions between designers and the recipients would make the artifacts even bet-

ter. Overall, this reading may have reinforced the artifact-based focus of the broader

Helping Hand community and of HCI. While there were a few mentions of the interac-

tions or the benefits of looking externally, they were mainly mentioned as secondary

to the artifacts.
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During week 4, the students were focused on printing a Phoenix hand for practice.

Unsurprisingly, their blog posts were almost exclusively artifact-based since their

focus was on creating an artifact. The only HCI value evident in this blog post was

P3, who commented on the value of getting to know some experienced members of the

student organization to help (interaction-based). I discuss more about the potential

impact of the seemingly inevitable artifact-based focus of building a practice device

in the discussion section of this chapter.

Also during week 4, the students read and commented on 3 chosen papers from

the ASSETS conference. All of the students happened to choose Hawthorn’s “Cy-

borg Pride Self-Design in e-NABLE” [95] as one of their papers. There were a few

instances (4 total) of making values among P3 and P2, focusing their comments on

the devices themselves. All students also exhibited HCI values (7 instances total).

For example, P3, P2, and P4 all recognized the value of designers opening up their

processes to having more in depth interactions with the recipients, or the value of

having the recipients act as designers themselves (interaction-based, external-facing).

P1 mentioned some other interactions, particularly the lack of information on the

long-term experience of using the devices, and how people with disabilities or assis-

tive devices are perceived by others. Overall, it seems that the students were not too

focused on the devices, nor were they too focused on the interactions. Compared to

the previous week when students were reading papers, this is a much more balanced

set of values. This indicates that reading multiple sets of papers to understand a

topic was worthwhile.

In week 5, students answered a series of specific questions in their blog posts, such as

listing the steps of creating an assistive device for someone, the steps of participating

in a Human-Centered Design process, and listing the challenges, similarities, and

differences of these processes. One notable finding is that the students generally

found the process of creating a device for someone to be similar to the process of
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Human-Centered Design, and P1, P2, and P3 all discussed how interacting with the

recipient or user is an important part of the process. The students had an internal-

facing view when discussing the role of the designer compared to the role of the user.

For example, P2 said that the role of the device recipient is to “try to think like a

volunteer and share information that you would like to know as a volunteer” and

P1 said that the recipient is there to provide the designer with ideas to improve the

design. These are internal-facing because they see the collaboration with a device

recipient or end user as serving the designer and bettering the design process rather

than as serving the recipient. P3, however, goes beyond to discuss how this is one of

the challenges of doing Human-Centered Design, and mentioned a few times about

how breaking down the barrier between the designer and user is worthwhile. This

centering of the designer might be the result of prior expectations and understanding

of HCI, as well as the fact that this experience was taking place in a college course,

which naturally centers student learning.

In week 7, the students met with the participant for the first time. Only P4 and

P3 blogged about this event, with 3 instances of values on the making side and 2

on the HCI side. All of the values on the making side were artifact-based, which

was expected because the purpose of this first meeting was for the purpose of taking

measurements to create a practice device. P4 also commented on some of the device

recipient’s comments about having received many devices in the past, but none of

them worked very well, due in part to the fact that “nobody had asked them for their

input”. P4 hoped their team would be able to take a more interaction-based approach

and gather helpful feedback. P3 commented on the interactions that took place during

the meeting, noting that it could have been smoother and more comfortable. Overall,

there were not enough blog post comments to know entirely what values the students

were most aligned with at this point. However, reflecting on the instances of artifact-

based and how the instructions for the week were to focus on taking measurements
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for a practice device and gathering some ideas for possible minor modifications or

customizations, it is likely that the focus of the students was primarily artifact-based

and possibly secondarily interaction-based.

In week 7, the students also started learning about participatory design, reading

some papers and online resources. Their initial perceptions of participatory design

were more artifact-based and internally-facing (7 instances total), with 3 instances

of externally-facing values from the HCI side. The internally-facing perspective con-

siders the participatory design process from the perspective of the designer, using

the process to gather more information to better suit the designers’ goals (P1, P2,

P3, P4). They also talked about opening up the process, involving all stakehold-

ers, and letting the user drive the design process (P1, P3, P4). However, it seemed

that the purpose of opening up the process in such a way was towards the designer’s

goal of achieving a better outcome. The abundance of artifact-based and internally-

facing perceptions of participatory design expressed during their first interactions

with the concept may have an impact on how fully they internalized and eventually

implemented the idea later in the semester. The students continued to learn about

participatory design in later weeks, but these initial perceptions are telling about the

challenges of understanding the topic.

In week 9, the students were working on printing a practice device for the partic-

ipant and thinking about how they could incorporate participatory design in their

next meeting with the participant. Their blog posts were brief and there were not

many values coded overall. When the students discussed printing the hand, their fo-

cus was primarily artifact-based (P1, P3, P4). P4 also pointed out that they felt more

strongly motivated to create a device for another person (externally-facing) than they

did when they were creating a practice hand earlier in the semester. As the students

were thinking about how to incorporate participatory design in their own project,

both P1 and P2 were thinking about how they would interact with the participant,
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which is a shift in values from their initial perception of participatory design. How-

ever, P2 was still thinking from an internal-facing perspective, thinking about how

the design group could get more insights from the participant, rather than how they

could work together to uncover and work towards a goal.

In weeks 10 and 11, the students were reading more about participatory design in

the form of research papers and specific activities, as well as planning the specifics

of a participatory design-oriented meeting with the participant. In these weeks, the

students saw the value of opening up the design process. Most of their perceptions

of the readings were interaction-based or external-facing, with 10 instances of these

HCI-aligned values and 4 of making-aligned values. For example, P1 commented on

how a particular paper “shows that limited participation by the design leader leads to

a better result. They took on the role of supervisor and had limited involvement in

guiding the design” (external-facing) and P4 commented on how “the researchers were

really in the trenches with the participants” (interaction-based). P1 also expressed

the value of an individualistic approach, where the design sessions should be centered

around the unique personality of the participant. Overall, as the students learned

more about participatory design, the way they talked about it became more aligned

with the HCI values.

After the second meeting with the participant, the students primarily commented

on the interaction-based and external facing aspects of the session. P2, P3, and P4 all

commented on the environment they had set up for interacting with the participant,

starting with the casual conversations on the way to the meeting room from the

parking lot. P2 mentioned some of what the team wanted to communicate to the

participant: “to inform her that we were designing together and not just taking her

feedback and making a design.” P1 and P4 reported on one of the activities the group

facilitated during the meeting, which was more about communicating what it means

to design than about ideating specific design ideas. P4 said the activity helped the
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participant “get more familiar with me and put her into a designer role.” P4 and

P2 also reported on a card sorting activity that aimed to understand the values and

goals of the participant. Their comments were both artifact-based and interaction-

based, touching both on the types of interactions the participant wanted to have with

the device, what that means for the device itself. Overall, P4 summarizes how “...

when approaching this design we were heavily focused on functionality and usability,

which were our goals. When in reality her goals were how visually appealing it is

and in how many ways she can use the device. This led us to a discussion about

color schemes, fabric choices, and adding printable fingernails to the device. These

were not questions we were asking before, and because these activities put us all in a

design position, we finally got to hear about what [the participant] valued in design.”

While the students’ reflections on the second meeting with the participant were not

only more aligned with the HCI side of the definition of HCM, they were also in line

with the ideas behind participatory design such as designing with participants rather

than for them. However, the students’ second device iteration was closely related

to the first one and continued to focus on some of the ideas uncovered in the first

meeting with the participant. In the blog post, P2 reported that the main outcome

of the second meeting in terms of design direction was that the new device should be

black. The students also incorporated a sunflower design motif through fabric, added

pencil holder, and made some additional adjustments for comfort. It is possible that

with longer term sustained interaction with the participant, more options could have

been explored, but in the short semester time frame, the students were just starting

to understand the value of participatory design as the semester was wrapping up.

In reflecting on the semester, students answered a number of specific questions in

a final blog post such as what kind of challenges organizations like the Helping Hand

Project face, what they would do differently if they did the semester over, and how

they would determine whether a project such as theirs was successful. Reflecting on
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their answers through the lens of the NTHCM sheds light on some realizations that

all students had, as well as some concepts that students have different perceptions

of. All students articulated the value of interacting with the recipient. P2 said

they would have “tried to have more meetings and longer ones so that we could

incorporate a higher level of participatory design into our project.” P4 recognized

that having enough volunteers to facilitate the needed personal attention with the

device recipients is a challenge that organizations face. P2, however, also saw an

opportunity to automate part of the process and require less interaction: “Since I am

from a computer science background, I would have a strong technical program where

we would develop an app so that patients can measure themselves from the comfort of

their home.” This idea is in contrast to the ideas of participatory design and reflects

artifact-based and internal-facing goals by centering the skills of the designer and

focusing on a single technological solution rather than fostering relationships. When

asked what a “successful interaction or relationship with a device recipient looks like”,

the students were split. P3 and P2 discussed success in terms of the device itself- if

the recipient is still using the device later on, the project was successful. P4 and P1

answered in a more interaction-based way, in terms of whether the recipient feels like

their ideas are being taken into account and whether they feel comfortable.

5.2.3 The Capstone Context as a Whole

So far, I have discussed how the individual students aligned with individual values.

The Statement Making study in Chapter 4 shed light on how HCM not only lives

in individuals’ mindsets and practices, but also in the way the individuals and the

context interact, and that it is important to see if the values are in conflict or synergy

with each other. I use those findings to reflect here on additional ways HCM did or

did not manifest in the capstone course.

One possible configuration or relationship between artifact-based and interaction-

based values, as indicated by the results of the study in Chapter 4, involves partici-
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pants being drawn to a particular event or context due to their artifact-based focus,

while others were drawn with an interaction-based focus. Some embraced both and

there were times when an artifact-based foundation lead the way for an interaction-

based perspective. In the capstone course, I was not able to find a similar apparent

synergy between interaction-based and artifact-based perspectives. In fact, these

ideas may have been in conflict with each other. There were times when an artifact-

based focus got in the way of the possibilities for meaningful interactions with the

participant to form.

One possible configuration of the relationship between internal-facing and external-

facing aspects of a context for HCM, as indicated by the results of the study in Chapter

4, is where the external-facing purpose of the context is strengthened by the internal-

facing and individualistic endeavors of the participants, such as designers expressing

their personality or learning a new skill, strengthened the event’s message about

taking control. In the capstone course, if the students were thinking more internally

about their own learning or portfolio, that got in the way of the external-facing goals

of working with the participant. To truly have an external-facing mindset in the

capstone, the students would have had to let go of the desire to have something for

their portfolio in order to be open to the idea that the outcome of supporting the

participant might be intangible.

Similarly, one of the places to look for HCM, as indicated by the results of the

study in Chapter 4, is in the interactions between the context and the participants.

Human-Centered is not only carried out by the individuals, nor is it carried out

only by the context for making, but rather an important aspect of Human-Centered

Making is how the context and the participants view, frame, and contribute to the

goals of the other. As a formal course for credit, the capstone was limited in this way.

As instructors, we had specific goals for student learning and while we were able to

adjust slightly based on how the project was developing, our goals for the participants
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did not change in the way they did for the context of Statement Making.

Looking at the distribution of values overall, there was not much evidence of col-

lective or individualistic mindsets and practices. Many Statement Making partici-

pants exhibited an individualistic focus in the way they centered their garment de-

sign around the unique personality or desires of the model. A similar individualistic

focus could have been present in the capstone experience in the form of tailoring the

device to the recipient’s personality. The artifact-based focus of starting with an ex-

isting open-source design may have gotten in the way of realizing that this was even

a possibility. If this individualistic mindset had been present in conjunction with an

external-facing or interaction-based relationship with the participant, the capstone

would have been much more aligned with HCM. While there was little evidence of

collective mindsets and practices, this does not seem to indicate a problem. There

may have been an opportunity to reflect broadly on HCI endeavors and topics such

as universal accessibility, where there is a trade-off between designing products that

meet everyone’s needs and products that are highly customized and individualized.

5.3 Discussion

5.3.1 Insights for the Capstone and Other Maker Leaders

I reflect here on how the results discussed above shed light on how we could improve

the capstone if we were to run it again. I also generalize these insights in terms of

how they could be applied by maker leaders in other contexts.

Prior Experiences and Expectations– The fact that there were significant differences

in the distribution of values throughout the semester amongst the students shows

that pre-existing mindsets, expectations, and personal differences were influential

throughout. We could have been more intentional about providing definitions for

concepts students may have had some prior understanding of. For example, we asked

students about their perceptions of HCI and found they had different definitions,

some more artifact-based and some more interaction-based. This would have been
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a good opportunity to define what we consider HCI to be and what definition will

be most relevant to the activities of the class. Instead of only asking what HCI is in

the blog posts, we could have asked students to come up with a definition together,

which we could have prompted feedback on to ensure students were thinking about

the same thing when we talked about HCI. While other maker-related contexts may

not have a direct focus on a formal concept such as HCI, they may consider doing

the same thing by asking participants what they think it means to do social good, or

what they think the goals of the project are or the nature of the process they think

they will utilize to accomplish it.

Building Devices– Students in the course built several practice devices early in the

semester so they could understand the process and the possibilities before having to

participate in a design project using those same tools and materials. They first built

a device on their own to learn how 3D printing works and they built a practice device

using measurements from the participant to understand the additional challenges of

ensuring fit and comfort. However, the focus on devices at the beginning may have

reinforced any initial artifact-based assumptions, or may have introduced an artifact-

based leaning to begin with. Even though we tried to communicate the purpose

of building the devices as being for practice and learning before starting the design

project, that message may have gotten lost. As an improvement, we could have

given the artifact-based learning assignments more of an interaction-based focus. For

example, when building the initial practice device, the students could have been asked

to do small modifications to the device to express aspects of their own personality

or someone in the class for the purpose of understanding how the processes we were

focusing on in the class were not about just the devices themselves, but rather about

identity and personality. Similarly, maker leaders of other semi-structured contexts

centered around a project with a social aspect would want to be mindful of how the

necessary fabrication skills are introduced. While the fabrication skills are important,
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they can distract from the nuances of the social considerations of the project.

Readings and HCI topics– While the students’ responses to the first HCI reading as-

signment were more making-aligned than HCI-aligned, later reading assignments were

more balanced. Similarly, when the students started learning about Participatory De-

sign through readings and articles, their understanding was more making-aligned, but

grew to be more HCI-aligned throughout the semester. This shows that shifting a

perspective takes time and it is worthwhile to have multiple assignments or discus-

sions to give students time to digest the topic. We might have started those readings

earlier in the semester and added more variations on them so there would be even

more opportunities for increased understanding. However, this analysis shows that

the HCI and Participatory Design readings were successful at facilitating students’

shifting interpretation over time. Maker leaders of other contexts should be mindful

that even when discussing interaction-based topics directly, it takes time for students

to understand those topics from an interaction-based perspective.

5.3.2 Using the NTHCM as an Analytic Lens

In this study, I used the NTHCM as a lens for analysis by coding a longitudinal

data set for instances of the 6 values and comparing total instances of values per indi-

vidual, seeing how the number of values changed over time, and performing additional

qualitative analysis to see different ways the values manifested. Since the NTHCM

suggests collective, interaction-based, and externally-facing values should be present,

this analysis shed light on ways the course could have been improved based on places

those values could have been present but were not, particularly in terms of making

sure to define key terms, bringing interaction-based aspects into making assignments,

and recognizing that one reading on the topic would not be enough. If maker leaders

or HCI researchers are interested in using the NTHCM as an analytic lens, these are

some suggestions and insights about how the NTHCM could be used.

I showed that the NTHCM is appropriate to use for a semi-structured making
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context that had the general goal of prompting mindfulness of the human aspect

during a common making endeavor. The NTHCM would be likely be helpful for

maker leaders or HCI researchers to understand other such endeavors, such as projects

or classes that involve making for “social good.” Each of the pairs of values of the

NTHCM sheds light on different aspects. The internal-external distinction could help

leaders of these contexts distinguish between different types of goals the participants

have, such as their level of commitment to helping others versus their focus on personal

growth and learning. The artifact-interaction dimension can shed light on how much

the participants are fixated on the technology or device, compared to whoever is

impacted by the “social good” aspect of the project. The individualistic-collective

dimension was less relevant in our context, but may help other maker leaders or HCI

researchers understand how participants perceive the broad impact of their project

as opposed to just the immediate impact. Understanding these dimensions could

be useful for maker leaders who would like to find opportunities to shift technical

endeavors to be more sociotechnical.

Understanding these dimensions could also be of interest to HCI research on un-

derstanding the making phenomenon by shedding light on new ways to understand

existing maker practices and new types of experiences to support through design. In

particular, this lens could help forward HCI research agendas related to understanding

makers as “everyday designers” or understanding what design-like practices makers

engage in [58, 115]. HCM is another way makers engage in design-like activities and

performing an analysis through the lens of HCM can shed light on different ways

these practices manifest. The study in this chapter contributed to these agendas by

showing how difficult it is to center a making endeavor around the goals and values

of another person, even when the makers have a background in HCI and are being

guided on how to incorporate advanced HCI techniques into the process. Addition-

ally, if future work that evaluates the extent to which application of the NTHCM
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brings about the promise of democratized technological practice shows promise, then

performing this type of analysis would be of even greater interest for HCI researchers

to guide their research and design efforts in the making phenomenon towards that

promise. However, as I will discuss in Chapter 7, results indicate that the NTHCM

is limited in its capacity to bring about democratization.

I used the NTHCM to compare differences between students overall and to see if all

students progressed throughout an experience in the same way. Using the NTHCM

on blog posts is a reasonable way to get longitudinal data and understand how the

activities of each week influenced the students’ mindset and practices. However, if

future makerspace leaders are interested in understanding more concretely whether

there was a shift in values over a semester, it would be better to ask the same questions

of the students periodically and compare their answers. My study was limited in this

way since some of the variation in values over the semester was due to different

question prompts.

This study also shed light on additional questions about the nature of the NTHCM.

These questions will need to be answered as part of future efforts to develop the theory.

I counted the number of instances of each value, where an instance was considered

at the level of an utterance, which could be a few words or a few sentences. Another

analysis could have calculated the percent of each blog post that aligned with each

set of values, rather than the number of instances. This raises the question of how the

values should be counted. If a student writes a very long sentence with an artifact-

based focus, should that be quantified as more artifact-based than if the students

express an artifact-based idea in a phrase of a few words? Similarly, if a quote

expresses multiple values from the HCI side, is that quote more aligned with HCM

than if it only expresses one value?

In summary, this chapter explored the potential of using the NTHCM as an analytic

lens to shed light on how a particular maker context with a sociotechnical focus could



132

be improved. The analysis shed light on the fact that each student aligned with

different values throughout the semester, helped identify some factors that may have

caused a more making-aligned focus, and supported the conclusions that leaders of

this or similar maker contexts should be aware of prior expectations, should take

time to break down definitions, and should be aware that shifting from a making-

aligned perspective to an HCI-aligned one takes time. Future maker leaders or HCI

researchers could use these insights directly or could use the NTHCM in a similar

analysis to generate new insights. In the next section, I shift to questions about how

the NTHCM could be useful not only in reflection, but to generate new directions for

maker leaders.



CHAPTER 6: USING THE NTHCM AS A GUIDE

The previous chapter investigated the extent to which the NTHCM was useful as

a reflective lens during a formal analysis to see how a particular maker context could

have been improved. In this chapter, I discuss some empirical investigations that aim

to understand the opportunities and challenges of using the NTHCM as a guide for

maker leaders to generate or direct future maker endeavors. The research questions

this section aims to answer are:

How do maker leaders react when asked to consider the 6 values of the

NTHCM? Where do they see the values playing out? Does considering the

values help the makerspace leaders generate new ideas or directions? How

do the values relate to things they think they are important or relevant?

I focus on the experiences of maker leaders rather than makers because the NTHCM

requires not only consideration of individual maker practices and mindsets, but also

consideration of the context as a whole, and it is more likely that maker leaders are

thinking about or considering their influence in that way. The NTHCM also aimed to

fill a gap in guidance that I experienced as a maker leader, not necessarily as a maker,

so investigating how other maker leaders react to the values was an appropriate place

to start.

I first present the results of an interview study with maker leaders to see how they

react to the values. I then attempt to use the NTHCM myself in the context of the

CCI makerspace, reflecting on how it could inform my own future actions or changes.
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6.1 Interview Study

I conducted a semi-structured interview study with makerspace leaders to un-

derstand their goals and practice as leaders, their interpretation of and reaction to

the values of HCM, and their ideas about how to implement or promote collective,

interaction-based, and externally-facing mindsets and practices specifically. Inter-

views were conducted remotely via video chat in January 2021, audio recorded, and

then transcribed for qualitative analysis.

Participants were informed that the study was about perceptions of making and

that I was interested in their reactions to certain ideas as they relate to making. They

were told to be as honest as possible about any positive or negative connotations that

came to mind and that if the ideas did not seem relevant to them, they should feel

free to say so.

The first questions in the interview were centered around the participants’ practices,

goals, and characteristics they associate with a good makerspace. To understand their

initial reactions to and associations with Human-Centered Making, I pasted a list of

the 6 values in the chat window of the video in alphabetical order (artifact-based, col-

lective, externally-facing, individualistic, interaction-based, internally-facing). I told

participants that this was a list of concepts and I was interested in their interpre-

tation of the concepts as they relate to makerspaces. They were instructed to read

each concept down the list and express what comes to mind about that concept in

relation to makerspaces. If nothing came to mind relative to makerspaces, they were

instructed they could give a general definition or association. After discussing each

of the values, I then pasted the three HCI-related values as a list in the chat (collec-

tive, externally-facing, and interaction-based) and asked participants to imagine they

were trying to align their makerspace or their own making endeavors with that set of

concepts. I asked what their initial thoughts would be and what kinds of things they

would do or think about. As needed, I asked follow up questions for more specifics or
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elaboration. After discussing the values, I returned to asking about the participants’

own practices and asked what their own set of guiding principles or values would be

if they had to distill those into a few concepts.

6.1.1 Participants

A total of three makerspace leaders participated in the study. All participate in

making endeavors themselves and either manage one or more academic makerspaces or

mentor students in academic makerspaces. P1 facilitates structured and unstructured

programming of academic makerspaces and makes art as well as objects for their home

or personal use. P2 is a self-identified life-long maker and manages several making-

related spaces at a university. P3 makes things for teaching purposes and personal

reasons, mentors students who 3D print prosthetic devices, and would very much

like to start or run a makerspace if they had the time and resources. Two of the

participants were women, one was male. Two were white, one was Asian, though all

were born in the USA. One participant was in their late twenties, one was in their

early thirties, and one was in their early forties.

6.1.2 Results

To analyze the results, I transcribed the interviews and grouped the responses

by question. I performed thematic analysis to find emergent commonalities in the

responses, which I summarize here.

6.1.2.1 Interpretation of the Values

I first discuss how participants interpreted each value, pointing out places their

interpretations were similar or different from each other. The purpose of this analysis

was not to determine whether or not participants could “guess” the meaning behind

the words I intended, but rather to understand the breadth of ways each concept

could be interpreted. I also discuss places where participants’ interpretations differed

from my original definition of the values, either where participants thought of aspects
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I had not, or vice versa.

Participants had different responses for artifact-based. Artifact-based reminded P1

of Statement Making, the digital fabrication fashion show introduced in Chapter 4

because “people made artifacts, they wore artifacts. It felt like an artifact too because

it was documented”. P1 then generalized artifact-based to being about “tangible ob-

jects”. P1’s initial association of artifact-based with Statement Making was surprising

when considered in light of the findings of the study in Chapter 4, which suggested

Statement Making was more about the interactions around the artifacts than about

the artifacts themselves. However, P1’s explanation and generalization of the concept

was consistent with the definition and the results of the prior study. P2 focused on

how artifacts could be used, defining artifact-based as “something physical or even

digital that you are using as a reference... [or] something that is able to be studied”.

P3’s association was more specific, thinking first about an artifact as an interruption

during a scientific experiment and then thinking about someone in the makerspace

recreating an artifact from anthropology.

All participants thought that collective had to do with makers working together in

some way. P2 and P3 thought about groups of makers working on the same project

together. This interpretation could also be seen as synonymous to “collaboration.”

P1 interpreted it as being about how decisions in a particular makerspace are made-

not by one person, but rather by a group with vested interest. P2 also mentioned it

could have to do with not only a group working together on a making project, but

also if a makerspace has a particular mission.

Participants had different interpretations of externally facing. P1 and P2 both

thought of making sure the makerspace promotes itself and reaches out to people

who are not yet participants. P1 was the only one who thought about helping people

in the community beyond, saying “we are going to make something better if we are

externally facing”. P1 and P2 also thought about money-related considerations, with
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P2 commenting on making sure the makerspace is producing things that potential

donors will appreciate and P1 thinking about revenue generation. P3 mainly com-

mented on the external interactions between individuals in a makerspace in the form

of emotions they show externally to each other.

For individualistic, participants’ responses were similar. P3 thought about “cus-

tomizing projects with your own flair and flavor”, P2 thought about “individual goals,

like what do you want to do in the space”, and P1 thought about the more selfish

aspects such as “making decisions for you masked on your needs with little regard

for what’s best for a larger group of people”. All these responses have to do with

focusing on the needs and desires of individual makers, though P1’s answer may have

overlapped with the concept of internal-facing.

For interaction-based, P1 and P2 focused on the interactions between the mak-

erspace participants and the tools, machines, or learning materials in the form of

workshops, activities, and hands-on training sessions. P2 also mentioned interac-

tions between people in the space and the importance of developing relationships and

having conversations that go beyond surface level introductions. P3 was the only par-

ticipant who thought about the interactions that happen with the objects the person

in the makerspace is making, including how “other people are going to see it and

interact with it”. P3’s interpretation was in line an aspect of HCM that was deemed

important in Chapter 3 in light of the criteria for democratization, which involves

thinking about the impact of the endeavors in the space on people beyond the space,

though the interactions mentioned by P1 and P2 are also important.

P1 and P2 both saw internally-facing as related to what happens when a mak-

erspace serves only a single audience. P2 also commented on the necessary interac-

tions between the makerspace leader and staff members such as figuring out policies,

which were internal-facing since they were about the logistics of ensuring the mak-

erspace is functional. P3 responded differently, thinking about the internal emotion
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of those who interact with things that are made: “whatever you are making in the

space, how is it going to make the other person feel.” It should be noted that internal-

facing came immediately after interaction-based in the list of values, which made P3

think about interactions between the made artifacts and other people who see or

interact with it. P3’s answer for internal-facing may have been influenced by the

adjacency to this other prompt. I later asked P3 about the extent to which makers

align with internally-facing versus externally-facing, and P3 talked about how some

makers want to know what others are doing (externally-facing) while others keep to

themselves (internally-facing), which sheds further light on P3’s interpretation of the

values.

6.1.2.2 Ideas for Aligning with Collective, Interaction-Based, Externally-facing

Mindsets and Practices

When asked how they might go about adopting or aligning with collective, interaction-

based, and externally-facing mindsets and practices, all participants thought having

the right team of staff would be crucial. P1 thought adopting the values would be

more a culture shift that happens over time and said “it doesn’t sound like a tool

thing, that sounds like a people thing. And it seems like you would need to have a

really fantastic team who know how to wield their human skills to get this to happen.”

P2 talked about “initiatives” and “figuring out some concrete things we could do, con-

crete projects we could engage in to get at these things”. P2 thought there would

somehow have to be a shift in how people thought about the makerspace- “thinking

about it as a collective instead of ‘hey, there’s this space you should come to.” ’ All the

participants also mentioned curating or communicating certain aspects of the space

to foster these values. P3 said, “you need to have a good catalog of things people

have done in the space”, P2 thought it would be necessary to “show evidence of a

collective” and P1 said, “you are trying to pose to the public and to the community.

You are trying to say- let’s do these experiences together.”
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When asked about concrete activities or endeavors that represent these ideas, par-

ticipants mostly offered additional high level thoughts. For example, some of P2’s

thoughts on collective were, “the collective part of it could be that we want to develop

a collective, whatever that would mean. Or that the collective would be even the team

that would figure out how to do all of this stuff,” and then later said that workshops

and events would be the concrete way of moving forward on that. P3 said that all

the workshops and activities he has looked over “do a pretty good job of doing these

things” and didn’t think he could select just one. P1 provided additional thoughts

about customer service to make sure people coming into the space feel comfortable

and how “your main leader needs to be really good at managing people and then use

those people to be your hands in the community... have the team be your stars.”

While these thoughts are all in line with HCM and may be part of the endeavor, they

do not necessarily propagate the values in and of themselves.

6.1.2.3 General Reactions

When asked what they would say or do if they decided they wanted their mak-

erspace or their own maker endeavors to be more collective, interaction-based, and

external-facing, none of the participants responded negatively. P2 thought it would

not “be a terrible idea” and P3 said, “I think that’s important.” P1 and P2 both

brought up concerns about resources. P1 thought it would require a marketing bud-

get and P2 thought if there were not adequate resources, pursuing these values “would

cut down on the main goals of the spaces”. P3 expressed surprise at several points

during the interview. When first asked about what externally-facing makes him think

of, he said, “Oh my gosh, where do you guys come up with this stuff,” which could

have been a reaction to the concept itself, or could have been reflective of the unfa-

miliarity of considering values in relation to technological or educational spaces. At

the end of the interview when asked if anything else came to mind that he wanted

to say, P3 admitted that “the activity was kind of weird”, referring to the part of the
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interview where I asked about types of activities that related to each of the values.

When asked for initial reactions to each of the six concepts, P1 was the only one

who offered a positive or negative value judgement for any of them, responding that

individualistic and internally-facing were not things to strive for.

6.1.2.4 Values and Guiding Principles for Makerspaces

When asked what makes a makerspace better than others, all participants agreed

that the people and staff in the space were important. P2 and P3 thought machines

were important, but without the right people, the makerspace would not be good.

After thinking about the values of HCM, participants were asked what their own

guiding values for their makerspace or an ideal makerspace were. All participants’

responses centered around making sure participants in the space feel a certain way. All

commented explicitly on making sure everyone feels welcome. P1 and P3 both thought

awareness of processes such as how to get trained are important. P2, who commented

on how her background as a teacher influences her role as a maker leader, thought

her two guiding principles were to encourage possibilities while helping participants

understand what is realistic and “encouragement of thinking about things in new and

unusual ways”. P1 and P2 both mentioned helping participants realize that their idea

might be hard work, but to work through it anyway. P1 also had some thoughts about

how the community should operate, such as “candor,” where community members

should feel comfortable speaking up to each other if someone is doing something

offensive or unfair, rather than always looking to the leader of the space to resolve

conflicts and where members of the community “should be able to influence in the

same way that the head of the lab is”.

6.1.3 Discussion

Overall, most of the participants’ interpretations of the values were in line with

my own definitions in some way. Their definitions and examples did not represent
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the entirety of the concepts as I had thought of them, which is not surprising. I

was prepared to suggest my own definitions, but decided not to, in order to see how

the participants saw their own definitions playing out. P3 was the only one who

thought about interactions with the artifacts beyond the person who made them, so

this would likely need clarification in the future since that is one of the reasons why

the NTHCM was created. All participants also thought about collective mostly in

terms of endeavors that could happen within the makerspace in the form of groups of

people working together on a project or the space itself feeling like it has a collective

mission, rather than the collective making phenomenon or the collective impact of

the endeavors of makers, even when they are not explicitly associated with each

other. Another important aspect of collective is thinking about the collective making

phenomenon or the collective impact of technology or fabrication as a whole on society,

so this would also likely need clarification if the hope is for makers and maker leaders

to think about these aspects directly.

Overall, there was not much evidence that thinking about the values gave the

participants new ideas about how to guide their making endeavors. When asked to

consider collective, interaction-based, and externally-facing values explicitly, partici-

pants’ responses were in line with HCM and showed evidence of understanding the

nuance of fostering these ideas in the making phenomenon. They knew it would have

to be a people-driven effort and would require a shift in culture that would need to

happen over time. While all participants expressed ways of thinking about making

endeavors that were in line with HCM, they did not suggest new ideas that were

sparked by thinking about how to adopt the values of HCM explicitly. Some of the

participants’ responses stressed the importance of figuring certain things out, but did

not offer suggestions, such as when P2 said “the collective part of it could be that

we want to develop a collective, whatever that would mean” and when P3 said “to

make the makerspace more externally facing, I would say you need to have a good
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catalog of things people have done in the space that they know that they can do.”

It is almost like saying the way to be more collective is to be more collective and

the way to be more external is to be more external. This was a short brainstorming

session, so perhaps with more time the values would be more successful at sparking

ideas for future endeavors, but there was little evidence of that in these interviews.

One of the reasons the NTHCM exists is because of concerns I had about the lack of

human awareness in many making endeavors, as discussed in Chapter 3. Not only did

the values themselves seem distant from the immediate thoughts and concerns of the

maker leaders, the ultimate purpose of the NTHCM also seemed distant. None of the

leaders raised concerns about typical maker endeavors or discussed ways they thought

makers themselves needed intervention. In fact, P1 thought the community should

feel like they have the ability to lead as much as the leader and hoped makerspace

participants would speak up for themselves to navigate conflicts with others in the

space. P3 thought that most of the guidance he gives makers is in the form of

“recommendations based off my experience in the makerspace” such as which machine

or material might be most appropriate. P1 and P2 both felt the guidance they

usually give is in the form of helping students realize the possibilities and helping

them realize that making can be hard work, but they should work through it. Most

of their thoughts and efforts going forward were about bringing more people in. It

seems unlikely that these maker leaders would intervene in or guide existing maker

practices to become more collective, interaction-based, and externally-facing. If any

of them were to use the values, my guess would be they would use them to start new

endeavors rather than prompting re-consideration of existing ones. There may be a

shift through an additive approach, rather than a shift by changing what is already

happening.
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6.2 Autoethnographic Reflections

I reflect here on how, as a makerspace leader, I might act on and use the NTHCM

as a guide myself. I asked myself similar questions that I had asked the participants

in the last study, thinking about concrete activities and endeavors I could promote

going forward. I documented these reflections over the course of several weeks, taking

notes when something crossed my mind. Most of this ideation took place before the

interviews in the previous section, though I presented the results of the interviews be-

fore these reflections in order to center the experiences and thoughts of others. These

reflections also took place several months into the COVID-19 pandemic, through-

out which the CCI Makerspace had been closed for open-ended participation, and at

which point I was quite distant from the everyday practice of making and of mak-

erspace leadership. Nevertheless, these reflections represent how I would engage with

the NTHCM as a maker leader and help shed light on its merits and shortcomings as

a guide.

6.2.1 Language and Rhetoric

When I introduced the values of HCM in Chapter 3, I reflected on a few ways the

making values manifested in my own maker experience. For example, I discussed how

my question to people working in the makerspace is usually “what are you making?”

and how when I give tours around the space, I focus on talking about the different

machines and the types of artifacts they can create, which both reflect artifact-based

values. I had also reflected on my individualistic and internal-facing definition of

a makerspace as a place that primarily serves the people who come there to make

things. I reflect again on these aspects here and how I might promote more collective,

interaction-based, or externally-facing values in these instances.

Instead of asking makerspace participants what they are making, I might instead

ask them what they are thinking about. While they are often thinking about whatever
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it is they are making, phrasing the question in this way at least leaves room for them

to answer in other ways. When I give tours of the Makerspace, I might comment first

on the types of activities we have seen in the space, such as clubs or initiatives that

have formed and reasons people come to the space, such as for making gifts for others,

learning new skills, or meeting new people. We could also shift our definition from

being about a place that serves individuals in their needs to “a place for discovery” or “a

place to explore alternate relationships with production”, which are more interaction-

based, however these are still individualistic.

6.2.2 Workshops

One of the ways to introduce ideas into the makerspace is through workshops:

short semi-structured guided sessions with a small group of students that focus on a

particular idea, skill, or project. Workshops are a good way to introduce ideas not

only to the students who attend, but also to those who interact with the facilitator

while they are preparing the workshop, as well as those who see the advertisements.

Workshops not only provide an opportunity to bring new values into the makerspace,

but also run the risk of reinforcing the values that the NTHCM suggests should not

be the primary values, so I reflected on some of the workshops we had run in the

past and tried to shift artifact-based, individualistic, and internal-facing aspects to

be more interaction-based, collective, and externally-facing.

Many of our earlier workshops focused on a particular machine or technique, such

as 3D printing, laser cutting, or CNC routing, and followed a similar format. For

3D printing, for example, we would show examples of what can be made (some were

physical examples, some were pictures of examples), we would show the process or

work flow of what types of software would be needed to translate an idea into an

artifact, we would demonstrate a sample cut or print, and we would let everyone

customize their own small version of something and watch the workshop facilitator

fabricate it.
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One way to make these workshops more collective could be to have participants

work on small pieces that become something larger when put together. This would

give participants an understanding of the benefits of working together and an intuitive

sense of what it feels like to create or be part of something that is bigger than oneself.

Upon reflection, I found that we had conducted a few workshops that culminated

in the creation of a collective artifact. One was an e-textiles workshop that focused

on sewable electronics and sewing techniques where participants made squares to

practice applying the skills creatively (Figure 6.1). These were then connected to

each other to form a quilt-like artifact. In a workshop session with elementary school

students, participants visited different stations to create pieces that were compiled

together to mimic an artwork (Figure 6.2). The challenge is what kind of collective

endeavor artifact should be created such that the act of being part of it is meaningful.

As documented in some of our previous work, the students who participated in the

collage project were not very interested in looking at the final product when they were

done [149]. Perhaps a series of workshops or a public event centered around creating a

public art installation would be a meaningful form of collective participation. Another

question is whether a symbol of collective participation is sufficiently collective as

opposed to actual collective action.



146

Figure 6.1: Sample workshop project where participants made e-textile squares for a
quilt

Figure 6.2: Sample workshop project where participants collaboratively made a col-
lage to resemble a work of art

I also reflected on whether there were workshops we had run that were already

aligned with interaction-based, collective, and external-facing values. One workshop

in particular came to mind: Sustainable Modular Textiles. I created this workshop

after hearing about a branch of work as part of the Fab Foundation network [2] with
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circular open source sustainable fashion [5]. They point out the enormous amount

of waste created by the fast fashion industry. Since trends go in and out of style

so quickly, clothing companies quickly and cheaply produce clothing that does not

last very long and ends up in landfills shortly after consumers purchase the items.

The circular open source sustainable fashion idea explores how digital fabrication

technology can be used to create modular interlocking pieces that can be assembled

and disassembled into different items of clothing. Rather than throwing something

away when it goes out of style, it could be disassembled and turned into something

else. This idea is also related to the Fab City initiative, a growing network of 28 cities

around the world that have taken the pledge to become completely self-sustaining by

the year 2054 [6].

Figure 6.3: Workshop project that centered around circular open source textiles

In the workshop, I discussed the problems with fast fashion, the idea of open source

circular fashion, how a circular economy could be enabled by digital fabrication, and
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examples of modular textiles created by others. I then lead a step-by-step tutorial

in a 2D design software of how to create modular interlocking textile pieces and the

participants created some of their own designs which we then cut out using the laser

cutter (Figure 6.3). This modular textiles workshop was collective and external-facing

because it was framed in terms of a societal problem that exists because of a partic-

ular set of actions that becomes problematic at a collective scale. It was also framed

in terms of a particular possible collective outcome of the making phenomenon, as

claimed by the Fab City initiative: a more sustainable circular economy. These initia-

tives are also all happening in the real world, giving the workshop an external-facing

aspect. While the workshop did focus on the skills required for creating artifacts, the

value of the artifacts and the conversations about the artifacts were more about the

interactions the artifacts afforded. Specifically, the project was about creating inter-

locking modular pieces that could be assembled and reassembled in different ways,

which is an interaction. This interaction also enables a broader shift in the interac-

tions with or relationship between humans and clothing, where instead of throwing

things away when they go out of style, we might disassemble and reconfigure them in

a different way.

This particular workshop aligns well with the NTHCM even though I was not think-

ing about the values when I created the workshop. I do not think that reflecting on

the values themselves would have lead me to such a workshop- it was my interactions

with the Fab network and my interest in the modular textiles that lead me to run

the workshop. However, reflecting on the workshop through the lens of the NTHCM

may shed light on how other workshops could be designed to bring these values into

the making phenomenon.

6.2.3 Miscellaneous Changes

To become more collective, we might host events where makerspace participants

share what they are working on to provide an opportunity for reflection on the collec-
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tive output or endeavors of the makerspace. Ideally, such an event would have more

of an interaction-based focus than an artifact-based focus. While Maker Faires come

to mind as an example of such an event, they are primarily artifact-based.

To become more interaction-based, we might highlight the narratives of different

makerspace participants in a newsletter or other format, emphasizing not only what

they make, but also their relationship to the tools or the interactions afforded by the

endeavors.

Training sessions on various machines are often part of participants’ entry into

the makerspace. These sessions focus on how to safely operate the machine, teach

participants the workflow of preparing files, and the protocols of the space. They

are naturally artifact-based since they focus on tools and processes, individualistic

since they are typically one-on-one sessions, and internal-facing since they focus on

participants’ learning. They are interaction-based in the sense that participants in-

teract with the tools throughout the experience to get a sense of the process, and

staff running the training sessions are instructed to use the time to get to know the

participant and foster interest in the offerings of the space. It is not immediately

clear what a more Human-Centered Making approach to these sessions would be.

Should part of the safety training be to discuss safety more broadly in the form of

potential unintended consequences of the collective impact the tool or the artifacts it

can produce might have on society? Should the training make sure to highlight use

cases of the machine that serve an externally-facing purpose?

6.2.4 Makers Creating PPE for COVID-19

In March and April 2020, in the first few months of the COVID-19 global health

crisis, it became apparent that there was an immense shortage of personal protec-

tive equipment (PPE) including face shields, masks, and other medical supplies. All

around the world, makers began fabricating devices such as face shields and proto-

typing solutions to shortages of other equipment. One of the first devices was a 3D
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printed face shield with a laser cut visor, originally created by the Prusa 3D printer

company in Prague, Czech Republic and open source files shared online [158]. Local

groups of makers assembled themselves, took these files as a starting point, worked

with local medical professionals, and fabricated numbers of them that were then put

to use. One of these groups, which eventually came to be known as Charlotte MEDI,

formed in our area and our makerspace participated in supporting the Charlotte

MEDI effort of producing 100,000+ face shields for local medical professionals and

front-line workers. I reflect here on this local group participating in this project, ask-

ing “Is this Human-Centered Making?”, “What caused this to happen?”, and “Would

application of the NTHCM have caused such an endeavor to happen?”

The MEDI group was operated by a small team of maker leaders who were in

contact with doctors, and through a team of volunteer makers throughout the city

of Charlotte, fabricated face shield designs in large quantities. The central team was

working to transition from 3D printing to injection molding, which would allow for

faster production. The central team instructed the volunteer makers to 3D print

different prototypes, which were given to doctors for feedback so the team could

hone in on the ideal design for the injection molding. When I first heard about

the design the Prusa company had posted, I wondered how much input they had

from medical professionals and whether anyone would use such a device due to safety

concerns, so initially I perceived the possibility that this could be a naïvely artifact-

based ambition. However, when it became clear that there were no other options

and local hospitals were asking for as many of these devices as possible, those initial

worries dissolved. The local group was very interaction-based, working closely with

doctors to get feedback and understand their concerns. This was clearly an external-

facing effort, though participating as a maker seemed to satisfy an internal-facing

need to feel useful at a time when there was a lot of uncertainty. The success of the

group depended on a network of makers adopting a collective mindset rather than
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an individualistic one. The MEDI group needed makers to print specific devices in

mass quantity to get feedback; they did not need every maker modifying the device or

trying to optimize. Any individualistic instinct to try to be the one who figures out

the optimal design needed to be set aside for the makers to each become a small part

of a collective that was creating a large number of devices. What made the group

successful was not only the artifacts themselves, but rather the successful network

of makers, interactions with the doctors, distribution channels, and communication

amongst all constituents. In other words, it was the interactions, or the infrastructure,

that was the hallmark of this particular group.

One of the things that caused the MEDI group to form and others like it was

the urgent need for PPE locally and all over the world. I also believe it was in

part the enthusiasm for artifacts and the desire to feel helpful amongst makers that

helped get the initiative get off the ground. If we had been following the guidance of

the NTHCM before the Prusa design came out and before any of these groups had

formed, the NTHCM might have cautioned against the optimistic idea that we would

be able to create anything medical professionals would actually want to use and may

have prompted us to start by asking doctors what they wanted, which may not have

garnered a positive response if they did not know what was possible. Having the

Prusa artifact as a proof-of-concept may have been the spark that made all the other

endeavors possible.

6.2.5 Discussion

Overall, using the NTHCM to inform possible makerspace improvements proved

to be challenging. While it was relatively easy to find examples of heavily artifact-

based, individualistic, and internal-facing endeavors, it was difficult to think of ways

those particular endeavors could be shifted to be more collective, interaction-based, or

external-facing. None of the shifts mentioned above seem like they would be enough

to make any perceptible difference. For example, using different language to describe
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the makerspace may not go far enough. Rhetoric that reinforces artifact-based, indi-

vidualistic, and interaction-based mindsets and practices may be a symptom of the

problem, but changing the rhetoric may not fix the problem itself. Implementing the

NTHCM would need to be holistic makerspace-wide endeavor, propagated in as many

places as possible and by as many people as possible. However, even the sum of all

the ideas discussed above might still be too subtle.

The NTHCM was helpful as a reflective lens, however. As I was trying to use it

to generate suggestions, I found it easier to use NTHCM to shed light on existing

mindsets, practices, or contexts to emulate or to continue to promote. The NTHCM

helped highlight some of the features that differentiate various workshops and making

endeavors. At the very least, it could shed light on whether a particular set of making

endeavors represents plurality of making across a particular set of dimensions.

6.3 Takeaways

As evidenced by both the interview study and the autoethnographic reflections,

the NTHCM does not easily fit into the practice of making or makerspace leadership.

While the values themselves were not out of line with the makerspace leaders’ own

values, the ways the NTHCM intends to guide or steer the making phenomenon is

different from how they saw their role in guiding or steering others. Using the values

to reflect on past endeavors shed light on endeavors to continue or things that could

be improved, but using the values to guide how to move forward did not garner many

concrete new ideas.

The implications of these findings for the NTHCM are that additional work would

need to be done to determine whether it has any role guiding makers or maker leaders

in practice. For example, perhaps the maker leaders would need to reflect on the values

over the course of time, or perhaps it would be easier to use them as a guide during

the actual practice of makerspace leadership, rather than talking about hypothetical

situations. In the meantime, we can conclude that the NTHCM is more appropriate
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for researchers or perhaps maker leaders as a reflective lens than as a guide for the

practice of making.

This study shed light on some interesting avenues for additional HCI research on

the making phenomenon. While there is a lot of research in HCI on making as a

grassroots effort, there is less research on makerspaces that started with some degree

of top-down support or control, as university makerspaces typically are. There was

evidence of the makerspace leaders aligning their goals with democratization, such

as how P1 spoke of trying to foster an environment where makers feel like they can

speak up amongst each other for what they feel is right and where makers can steer

the space as a whole. HCI research could work to understand how leaders in these

positions navigate their own positionality and how they lead in such a way that the

participants have such a sense of agency.

These findings about the NTHCM also shed light on additional questions for HCI

relative to makerspaces and the promise of democratization. The NTHCM had made

some assumptions, such as assuming that if someone could figure out what needed to

happen in the making phenomenon, HCI researchers could influence makers and mak-

erspace leaders to make it happen through design. I reflect more on these particular

assumptions in the discussion chapter.



CHAPTER 7: THEORY EVALUATION

In Chapter 3, I introduced Human-Centered Making (HCM) and the Normative

Theory of Human-Centered Making (NTHCM) using literature to justify the choice

of values that formed the definition. In Chapters 4-6, I presented a series of empirical

studies that develop our understanding of HCM by shedding light on how the values

relate to real maker practices and contexts as well as identifying opportunities and

challenges when operationalizing the theory as an analytic lens or as a guiding con-

struct in the making phenomenon. So far, I have shown how the theory and the values

of HCM were grounded in a preliminary definition of democratization, consisting of

3 aspects (access, social progress, and consideration of risk) that were demonstrably

lacking in the making phenomenon, I have shown examples of what the values look

like in maker contexts and practices, and I have shown how HCM can be used as

an analytic lens by maker leaders or HCI researchers to shed light on ways a semi-

structured maker context could improve. While there was more work to be done

to translate the theory into concrete formats such as sets of guidelines or suggested

activities that would be of more direct interest to makers and maker leaders, my next

step was to more formally justify the theory using literature and empirical studies by

working towards answering this question:

Do maker contexts that implement or embody the NTHCM contribute to

the promise of democratization?

To answer this question, I would have to test this hypothesis:

Making practices and mindsets that implement or embody the NTHCM

result in democratization in ways that making practices and mindsets
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Figure 7.1: Illustration of the hypothesis about the evaluation of the NTHCM

within the current making phenomenon do not.

Figure 7.1 illustrates this hypothesis, showing that the NTHCM aims to lead to

outcomes related to the promise of democratization that might not otherwise be

achieved. While answering this question in full was out of scope, I worked towards

it by exploring the relationship between HCM and a particular representation of

democratization, feminist utopianism, in the context of Statement Making. I did not

aim to determine whether the values of HCM in the context of Statement Making

caused democratization to happen, but rather how the relationship between the values

of HCM and the concept of democratization manifested and related to each other,

generating hypotheses about the outcomes of the application of the NTHCM relative

to the promise of democratization for future study.

In this chapter, I present a theoretical and empirical investigation aimed at under-

standing the relationship between the NTHCM and democratization. I first turned

back to the literature to develop an updated and more complete definition of democ-

ratization and decided to use the concept of feminist utopianism. I then conducted

a case study analysis with Statement Making, the digital fabrication fashion show

I introduced in Chapter 4. In Chapter 4, I presented the results of an interview

study with Statement Making participants that shed light on ways the 6 values of

HCM manifested in this particular maker context and how the values relate to each
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other. In this chapter, I perform additional analysis on the same set of interviews,

this time looking for evidence of whether the context aligns with principles of feminist

utopianism. Specifically, the analysis asks these questions:

• How did feminist utopianism manifest in Statement Making?

• Does the way feminist utopianism manifested in Statement Making relate to

the way the values of HCM manifest in Statement Making?

• Does looking at Statement Making through the lens of feminist utopianism

uncover different aspects of the HCM values or of Statement Making itself?

I answer the first question with a qualitative study that was very similar in nature

to the study in Chapter 4: I conducted a thematic analysis of the interview data

using a set of criteria for feminist utopianism as codes. I answer the second question

by considering Statement Making as a design artifact through which I explore the

relationship between two abstract concepts (HCM and feminist utopianism). While

there is not necessarily a specific methodology in HCI for using a design or an artifact

to investigate the way two different theoretical constructs might relate to each other,

designed artifacts are often considered by HCI researchers as embodying theories and

are used as probes through which to reflect on abstract ideas [43, 192]. The way I use

Statement Making to investigate possible relations between HCM and the principles

of feminist utopianism is in line with these ideas (Figure 7.2). This study sheds light

on places where feminist utopianism overlaps with the values of HCM and places

where these two ideas shed light on different aspects of the data.

Ultimately, this analysis sheds light on some of the shortcomings of the NTHCM

and caused some of the intended outcomes of the normative theory project to shift.

The analysis shows aspects of democratization that the NTHCMmisses and the merits

of feminist utopianism in and of itself as a guiding theory towards democratization.

This realization forms the basis of Chapter 8, where one of the primary contributions
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Figure 7.2: Approach for using Statement Making to understand the relationship
between HCM and feminist utopianism

of the dissertation is a discussion of the NTHCM and feminist utopianism as fellow

travelers and a comparison of the underlying assumptions of each.

The rest of this current chapter outlines the process of how I came across the idea

of feminist utopianism while searching for an updated definition of democratization,

what it means, and how it is an appropriate construct to use for democratization in

the making phenomenon. I then present an empirical study using feminist utopianism

as a lens to understand the context of Statement Making and to understand HCM.

7.1 Theories of Democratization and Democracy

In this section I summarize some of the theories and definitions of democratization

and democracy from academic communities outside of HCI that I encountered as I

was searching for an updated definition to use to evaluate the NTHCM. Some of these

are mentioned in HCI literature as well. My goal during this literature review was

to find a theory or framework of democratization. The criteria derived in Chapter 3

were sufficient as an initial definition upon which to construct the theory since they

address some of the known shortcomings of the making phenomenon. They represent

an attempt to bring sociotechnical considerations into the pursuit of democratization

in the making phenomenon as opposed to the primarily material aspects HCI research
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has focused on in the past [163]. However, they do not represent a complete view of

democratization, nor are they heavily informed by theory outside of HCI research.

My next step was to more fully understand the social aspect of democratization

of technology production and use this new framework of democratization to more

holistically evaluate the hallmarks and shortcomings of the NTHCM through a round

of deeper theoretical and empirical investigations. The definition or framework for

democracy or democratization would need to relate to making in a clear way, so I

primarily focused on literature that was already discussing technology in some way.

For example, Nelimarkka performed a literature review in HCI research on how par-

ticipation is configured in democratic decision-making processes [142]. The primary

dimension that guides their summary distinguishes between representative, referen-

dum, and assembly democracy, which represent different ways decisions are made

based on the will of the people. This, however, is an example of a framework that is

not directly helpful in an obvious way in the making phenomenon since democratiza-

tion in making is not necessarily about conscious decision making, but rather about

access to certain capabilities. In this section, I thus discuss a few different accounts

of democracy and democratization, along with a discussion about why it is difficult

to draw on these theories directly in relation to the NTHCM or in design and making

more generally, and how I ultimately settled on feminist utopianism. I did not intend

to conduct a comprehensive literature review, I only intended to review the litera-

ture until I found a satisfactory construct. The account described below justifies the

frameworks I considered and the decisions made as I considered them.

I encountered some ideas that were not necessarily complete theories of democracy,

but that captured some of the challenges of democratization and resonated with

aspects of the making phenomenon. In general, these fragments support the idea that

more political accounts of democracy would be relevant to the making phenomenon

since some of the issues are similar. For example, the self-interest assumption wonders
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if individuals are actually capable of acting not only in their self interest [47, 130].

Similarly, some wonder what the role of citizens in a democratic society should be

and point out how some citizens will likely always be slightly unaware of their place

[47, 46]. They point out the danger of uninformed participants, proposing that citizens

should be the ones who choose the end and experts or elected officials should be

the ones to implement it. Interestingly, this is almost the opposite of how I had

been conceiving of democratization in the making phenomenon- makerspaces give

the power of implementation to the individuals and I had felt it was my role as a

leader to figure out how to “choose the aims” of enabling such endeavors. It would

be worth looking into these ideas further to see how they manifest and how they are

addressed in practice. I, however, was searching for a breadth of ideas before adopting

one to understand deeper, so I moved on to other literature.

Libertarianism is a view on democracy that has recently resurged in US culture.

Libertarianism focuses on the rights and free will of individuals, resisting any sort of

control that infringes directly on individuals [29]. Libertarianism accurately captures

many makerspaces in the current maker phenomenon that focus on the individual

with few rules or impositions. Toombs et al. report how members of a hackerspace

exhibit libertarian values, but they need to negotiate those values with other values

such as taking care of each other, which makes the manifestation of libertarianism

in making complex [181]. While libertarianism is generally embraced by some, it

also raises concerns. Anderson discusses how libertarianism equates freedom with

the ability to do whatever one would like, but has a naïeve understanding of the

social conditions that are necessary for such freedom to happen in the first place [12].

Overall, libertarianism is neither an ideal to strive for, nor is it sufficient for capturing

the social aspects that are needed for the making phenomenon to even function, let

alone take into account the impact of their endeavors or of the making phenomenon

as a whole.
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Ideas related to deliberation and the public sphere are sometimes used in HCI

literature as frameworks to analyze discourse [18, 143], so I decided to look more into

the theories behind these endeavors as they relate to computer technology.

Ess summarizes a framework of three definitions of democratization by Abramson

et al. [8]. The first is plebiscite, where “individual autonomy” is emphasized and

democratic participation primarily happens in the form of individuals voting directly

in matters of public affair. One problem with plebiscite democracy is that it runs

the risk of becoming majoritarian, run only by the majority opinion, where there

is potential for the majority to “trample the rights of minorities” [63]. Abramson

et al.’s second definition is communitarian, where the common good is emphasized

over individuals. The danger with communitarian democracies is that one commu-

nity might be able to put their needs above another community’s. The third type is

pluralist, which emphasizes groups’ equal ability to compete and oppose other groups

in a “market game” of power. Abramson et al. claim that pluralist combined with

communitarian can mitigate many of the problems with both [8, 76]. This idea res-

onates with the individualistic and collective values that are part of the definition of

HCM, where plebiscite embodies individualistic values and communitarian embodies

collective values. The findings of the interview study with Statement Making partic-

ipants (Chapter 4) suggested that a balance between the alternate sets of values is

best, which is perhaps supported by Abramson’s notion of pluralist democracy.

While there have been critiques as early as 1996 that computers were not going to

fulfill their promise of democracy, Ess goes on to discuss how Habermas’ ideas rescue

the promise [76, 92]. Habermas combines communitarian and pluralist democracy and

focuses on discourse, arguing that during discourse and dialogue within and between

groups is where consensus arises. As long as certain “rules of reason” hold such as

requiring that everyone gets a chance to speak, a chance to voice responses to others,

and there is a general openness to argument, then through these dialogues, consensus
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can be pursued and democracy can be achieved. This also allows a better meeting

between theory and praxis since theoretical and utopic ideas can be negotiated with

local concerns through the praxis of dialogue. Even Habermas’ theoretical ideas

themselves can iterate through the praxis of dialogue, making them less susceptible

to the theory-praxis critique. Habermas also talks about the public sphere, which

is a place where this discourse happens. Public officials are part of the sphere as

well as individuals, so it is an important mechanism through which opinions can turn

into action [76, 32]. The public sphere is a contested topic in studies of democracy,

with questions such as whether there is one public sphere or multiple public spheres

for different matters of concern and how exactly the sphere influences society [49].

Publics can also mean “shared culture, knowledge, or discourse that brings people

together, often in collective action” [23, 173].

If I were to move forward with these ideas, my research question would become:

“Do maker contexts that implement or embody the NTHCM contribute to the for-

mation of publics or discourse and deliberation in the public sphere?” I would need

to eventually (either through empirical methods or by theorizing) understand what

the deliberation is about- what are the decisions makers make or would make? In the

ideal scenario, do we expect makers to deliberate about the impact they would like the

making phenomenon to have on the world? Deliberate about the things they make

individually or collectively? Deliberate about the desired essence of maker culture?

If making is about democratization of technology production, then what are the deci-

sions that go along with that democratization? These seemed like strange questions

to ask and even stranger for me to try to answer. There was no obvious way to fit

such formal notions of democracy into the power relations, decisions, or conversations

that are prominent in the making phenomenon without additional theorizing.

This new question about whether maker contexts lead to the formation of publics

or deliberation is also very similar to one of the criteria for democratization I derived
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in Chapter 3, NC2 (social progress), which asks about whether there is room for

groups to form around matters of concern. Focusing on this new question as the

primary indicator of how well the NTHCM measures against the a holistic definition

of democratization would capture this aspect well, but would not necessarily capture

the other criteria for democratization such as risk mitigation or access.

Publics are also mentioned often in HCI research or relative to design [62, 110, 119].

While Habermas was focused on the public sphere as more of a singular entity, publics

are pluralistic. Many form for different reasons, and they do not exist beforehand.

Dewey has many writings on democracy, one of which emphasizes the importance

of education, not as a way to communicate specific ideas to students, but rather

as a model of how a democratic society operates and allows students to practice

participating in a similar environment [59]. Democracy is not only about governance,

but rather a way of life. Dewey discusses how past theories of education are either

completely individualistic, serving the uniqueness of the individual, while others were

completely in favor of the common good, where educating students is done in the

interest of the military or other aspects of society [59]. Dewey’s view of education

falls in the middle, where an individualistic approach to education strengthens the

collective since “the emancipated individual was to become the organ and agent of a

comprehensive and progressive society.” [59]. These ideas relate to making and are

in line with many of the foundational principles of the NTHCM. Dewey’s views move

away from governance and decision making directly, which makes them easier to apply

to the making phenomenon. Like educational environments, perhaps makerspaces

could be places where individuals practice how to behave in a democratic society.

The relationship between the individualistic and collective also resonates with the

findings from the interviews I conducted with the Statement Making participants.

Specifically, I noticed how HCM lives in the relationship between the context and

the participants and Statement Making is an example of how a certain individualistic
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focus can strengthen the collective impact of the context. These resonances suggest

Dewey’s notions of democracy as reasonable to understand more deeply and use as

an evaluative measure for the NTHCM.

Dewey also offers a criteria for such an environment: “How numerous and varied

are the interests which are consciously shared? How full and free is the interplay with

other forms of association?” [59] Striving for the fulfillment of this criteria involves

a multitude of groups with different interests engaging with and appreciating each

other’s points of view. This would certainly be a reasonable concept to measure the

NTHCM against by asking “Do contexts that align with the NTHCM have more

varied interests and more interplay with other forms of association than contexts

that do not align with the NTHCM?” However, this question is very abstract and I

would need to study many different contexts to understand the forms of association

that are possible and identify all the implicit and explicit interests that should be

considered. Future work might consider this as a starting point, but determining

the concrete measures and indicators was out of scope of my project. Additionally, I

soon encountered feminist utopianism, which is built on some of Dewey’s ideas and

subsumes these questions.

7.2 Feminist Utopianism

I came across the topic of feminist utopianism as I was investigating HCI liter-

ature on concepts that are adjacent to democratization and empowerment such as

participatory design [20] and found that it would be a suitable concept to use for the

evaluation of the NTHCM.

7.2.1 Definition

Typical utopian thinking has been criticized as being a “fantasy” that lacks any

connection to the present, as valuing “totalizing” and inflexible ideas that could very

easily go horribly wrong, and as not allowing the public to participate in ideating
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the vision [20].1 Feminist utopianism is an alternative discussed by philosophers

including Johnson, Benhabib, McKenna, and Levitas that addresses some of these

critiques [20, 26, 111, 121, 134]. The defining feature of feminist utopianism is a

process model of utopia where multiple possible futures are emerging as the result of

lived experiences, rather than an end state model that involves an individual thinking

about an abstract representation of a single static possible future [134]. In the process

model, the utopia is not the end result, but rather the way in which the futures emerge,

or the path along which multiple possible futures are in progress. Better futures are

possible, but they are “un-representable”, meaning it is not possible to describe them

ahead of time [20].

Bardzell introduces feminist utopianism to the HCI community, presenting a strong

argument for its merits, particularly as a fellow traveler to Participatory Design (PD)

[20]. Some of the shortcomings of Participatory Design are the difficulties in scaling

beyond local experiments and the fact that PD endeavors still involve a designer

configuring the participation. Feminist utopianism addresses both of these by offering

a perspective on how similar ideas might manifest at a community-wide or society-

wide level [20]. Hope et al. discuss how their iterative process of creating spaces to

re-imagine breastfeeding-related products, services, and policies relates to both the

ideas of feminist utopianism and Participatory Design [102].

I use the following six criteria throughout this chapter to capture the main aspects

of feminist utopianism. The first five criteria were taken directly from McKenna,

who presents them as a way to understand a context in terms of the process model

of feminist utopianism [134]. Contexts that embody these criteria are in line with

the feminist utopian ideas that value a participatory emergent pursuit of a better

undefined future rather than abstract totalizing narratives that are removed from the

current reality. I added the sixth criteria ourselves to capture the utopian aspect of
1Some passages in this section have been quoted verbatim from my published work [151].
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feminist utopianism, rather than just the process-model aspect.

All Participate Freely: Promote free and open participation by all people in the

society

Making Informed Choices: Lead people to recognize the limits and possibilities

of any particular situation and propose realistic choices for action.

Flexible Ideas: Encourage people to avoid making dogmatic claims and to remain

open to change.

Flexible Futures: Encourage people not to focus on achieving some end, but on

developing abilities for multiple ends to be realistically possible

Interconnectedness: Open up possibilities and promote an awareness of our inter-

connectedness and diversity.

Pursue Better: Actively pursue radically better versions of the future.

7.2.2 Justification

This concept of feminist utopianism and these criteria in particular satisfied some of

the questions I faced as I was reading about different definitions of democratization

and democracy. It was much clearer how feminist utopianism could apply to the

making phenomenon- I did not feel required to answer questions such as what should

the topics of deliberation be about since the idea behind the process model of feminist

utopianism is that a range of possibilities emerge and unfold over time, only as a

result of participation and lived experience, not as the result of abstract thinking.

This meant that aspects of democracy such as deliberation could still be a goal, but

I did not need a concrete idea of what the deliberation would be about or where it

was headed. The feminist utopia criteria also resonated with our early ideas that

we would define the purpose of the makerspace based on what we saw emerging,
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but helped us think more specifically about the conditions under which this would

happen. If these criteria were evident in our makerspace, perhaps the context would

be primed for a better-defined and fulfillable promise to emerge. McKenna’s criteria

are built on Dewey’s ideas of community and democracy, which are also in line with

the process-model [59, 60, 134].

Feminist utopianism also relates to, and perhaps subsumes, the initial criteria for

democratization I presented in Chapter 3 and used to derive the definition of the

NTHCM. The first criteria for democratization, NC1-a (access), based on Tanenbaum

et al.’s definition of democratized technological practice [174], states that there must

be room for pleasure, utility, and expression, not just one of these aspects, which is

in line with the “all participate freely” criteria. NC2-b (access), which emphasizes

the psychological component of knowing what options are available, is in line with

the feminist utopia criteria of “making informed choices”, which involves knowing the

limits and possibilities of a given situation. NC3 (social progress), states that there

must be opportunities for groups to form around matters of concern and for there to

be opportunities for social progress. Feminist utopianism by definition commits to

social progress, but does not define what kind of social progress or what that looks

like. The path-based model, the flexible consideration of multiple better possible

futures, and the general commitment to something better, mean feminist utopianism

has a primary commitment to social progress even without a definition of what that is.

Lastly, feminist utopianism has mechanisms in place for risk management (NC3 risk

mitigation) since it assumes that a perfect static society is not possible. The “making

informed choices”, and “flexible ideas” criteria embed a self-healing mechanism of sorts

for any problems that might arise since the presence of these aspects mean members

of the community are reflecting on the limit to which endeavors actually have the

desired impact on others or on any environment they are situated within.

For these reasons, feminist utopianism is an appropriate construct to use to evaluate
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the NTHCM. The research question becomes “Do maker contexts that implement or

embody the NTHCM contribute to the presence of indicators of feminist utopianism?”

7.3 Feminist Utopia and Statement Making

As a step towards understanding the relationship between feminist utopianism and

the values of HCM, I first conducted an empirical study to see how a maker context

could align with principles of feminist utopianism.2

7.3.1 Methodology

For this study, I conducted an additional analysis of the interview data I collected

and reported on for the study in Chapter 4. As a reminder, that was a semi-structured

interview study where I recruited participants who were involved in any of the past

instances of Statement Making. The interviews were semi-structured, aiming to un-

derstand motivations for participating, how participants described their participation,

and how they perceived the event as a whole. Question prompts included, “What did

you make?”, “What was your motivation for participating?”, “What is Statement Mak-

ing?”, and “What were some memorable aspects of the experience?”. The interviews

were audio recorded and transcribed manually by the researchers, omitting names

mentioned by participants.

I performed thematic coding on the transcribed interviews. The first pass of anal-

ysis used the six feminist utopia criteria introduced above as codes. The fidelity of

analysis was by topic, so several sentences could belong to the same unit of analysis

or a given response to a question could be broken into several units of analysis based

on how many topics were expressed. A quote could have one or several codes assigned

to it. The second level of analysis looked separately at each feminist utopia criteria

and used an iterative open-coding technique to find emerging themes to characterize

the ways each criteria manifested.
2Some passages in this section have been quoted verbatim from my published work [151].
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7.3.2 Results

7.3.2.1 All Participate Freely

Many participants (P2, P4, P5, P7, P13, P14, P16) perceived Statement Making

as open and accepting of all sorts of disciplines, types of garments, perspectives, and

people. P5 found that Statement Making was “a space that allows people to not

only be themselves, but to be the loudest and brightest version of themselves”. Even

P14, who “was able to ignore” the prompt to “make a statement” for two out of three

years of participation and P16, who felt the show was more “political” than anything

they were interested in pursuing, did not feel like they were being constrained or

forced to approach or think about their participation in a certain way. P16, who was

originally invited to view the show by some architecture friends, was expecting a more

architectural perspective throughout. When realizing there were many other aspects,

they reported, “Initially I thought it was kind of odd. But then after being in it, I

kind of liked that idea because it didn’t limit me to what I could create. It was just

whatever I wanted, I could. So I wasn’t limited to having just one type of idea which I

really liked.” P1 and P16 mentioned how Statement Making provided an opportunity

for them to pursue certain making endeavors that they had been thinking about for

some time.

There is certainly room for Statement Making to be even more free and open

for participation. P4 reported that before they were involved, they perceived the

community to be rather “niche”. Several participants also suggested that Statement

Making could reach an even broader audience (P1, P4, P7, P8, P16).

Other than the designers participating in the event, other forms of participation

included collaborations with the model and garments that prompted or sparked con-

versations with the audience. P13’s primary goal was to get people to come talk to

them after the show: “I was definitely going for as big of an impact as possible so

people would come and ask us and get more insight on that current situation.” P1
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and P5 talked about how their models participated as collaborators. P1 said that

their model “was kind of just there to learn about the process. We were all figuring

it out too as we went ... I think we were all just kind of brainstorming together

equally”. P1 exhibited a sense of camaraderie with their model, figuring the process

out together. However, they also describe their model as being “just kind of there”,

which perhaps indicates that the model’s participation was not as full as possible.

There were also several examples of participation beyond Statement Making that

were prompted or discussed. P5 commented on how their model now seems generally

more confident and willing to “talk about things that are important to her”. P4

recognized an internal shift that made them feel more aligned with the identity of

creator, rather than consumer of technology. P13’s garment centered around the topic

of immigration. Rather than simply aiming to educate the audience, P13 interviewed

acquaintances who had been impacted to understand their stories and perspective.

P12 reported that Statement Making allowed them to participate more deeply with

computing than they typically had in their classes.

The main takeaways regarding participation are that designers felt unconstrained in

what they were able to contribute and the event prompted some of them to do things

they had been thinking about. The designers were not the only ones who benefited

from free and open participation; there was meaningful participation amongst the

models, the audience, and other people in the designers’ lives, all of which was initiated

by the designers themselves. While there is room for Statement Making to grow in

terms of broadening participation, there is evidence that it is ripe with opportunity

for the depth and breadth of participation that feminist utopianism calls for.

7.3.2.2 Making Informed Choices

Several participants discussed factors that they considered as they made choices

relative to the specific garment they were creating for the show. P1 discussed how

aspects of the model’s personality and preferences were the basis of the design: “when
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we were initially designing or coming up with the general look of what it was going

to be, she was involved in that. Cause you know I didn’t want to like go crazy and do

something she had no interest in or didn’t identify with at all because we wanted it to

be something she could feel cool or confident wearing”. P2 and P12 took into account

what it would be like to wear the piece. P2, in particular, took an experimental

approach in fitting the technology to the body: “... I love getting through that

process, finding out what works, what doesn’t. For instance, the waistline ... it’s

very non local, it doesn’t move as much. But when you sit down, when you lean

on something, you hug somebody or you do any kind of extreme dancing, that line

isn’t straight anymore, it’s very wavy, it’s very all over the place. So it’s a learning

process.” P8 and P14 mentioned taking the audience’s perception into account as

they were ideating their piece, noting how difficult it is to know whether they will

perceive the intended meaning. P8, for example said, “If you are making it and you

have the idea in your head you think oh this is readily apparent. This is how I’m

thinking about it so this is how its coming out. And then people will be like I didn’t

get that at all. So it’s like a challenge of being something that’s not just consumable

but easily understood, not just hidden behind seventeen layers of thought and weird

connections. If you relate something to something else but that’s just you, an audience

isn’t going to get that.” All these choices participants were making were informed by

other people.

Several participants discussed their garments (P7, P8, P12, P15) or Statement

Making itself (P5, P8, P12) as a way of informing others about specific topics such

as the waste associated with the clothing industry or to prompt them to think about

their own usage of social media. Interestingly, none of the participants described

their garments as “solving” problems, even if they were related to real-world problems.

Some specifically realized the limitations of what they made. P8, whose garment was

about water waste in the clothing industry, said, “we are sustainable in our ideas but
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not our execution”. P5 and P15 realized that the ideas behind their project may

become clear during conversations, but the garment likely did not speak for itself

to carry the message to the audience. P15 also realized the complexity of designing

technology that influences human behavior: “we had to make sure that we involved

the glove which was human centered. And it’s not like we created a robot that

would tell you - you’ve been on blah blah blah. [Rather], you put on the clothes and

you’re now enveloped in the technology.” In other words, P15 created a glove that

naturally “envelopes” the user to guide toward new behavior instead of a brute force

approach that tells them to change their behavior explicitly. There seems to be a

good balance between having a forward-thinking and optimistic perception of their

projects and realizing the limits of the outcomes they are able to achieve, which is a

healthy alternative to the technosolutionism that is one of the central critiques of the

making phenomenon.

Statement Making was also seen as a way to help participants realize what resources

they have access to or realize their own agency for doing something meaningful (P5,

P7, P8). P7 said, “making a statement, just like on the front of the line, not the back.

You become a leader. You be like ‘oh yeah, maybe that person who I’ve always known

that wasn’t really much and can do something that big, maybe I can do the same

thing.” ’ This is important because some of the barriers associated with makerspaces

are that potential participants do not know what is possible. One of Schneider’s

definitions of empowerment includes the psychological component of knowing what

is possible and having a sense of agency to develop the skills to accomplish it [169].

P4 and P12 discussed limitations and possibilities of technology more broadly. Both

P4 and P12 participated in a design studio course that explored the broad impact

of technology on society explicitly, but they both also associated these ideas with

Statement Making itself. P12 reported now thinking about “a lot of questions as in

like what are we going to do about certain things... we depend so much on technology
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for so many things and its troubling to think about the what ifs. And now that’s

really in my head after doing all this. And I think that’s good. Because I think

I’m becoming more thoughtful about what I’m doing and what’s happening but it is

interesting because I never really thought about it too much before.” P4 also pointed

out how the prompt was much more vague than anything they had responded to

before, which required a different type of thinking, saying “It kind of teaches you to

think outside the box when it comes to designing with technology. Because when I

started the class, I just thought like designing - designing the computer. But there

are so many things that you can do differently to kind of like solve a problem that

you’ve never thought of.” P12 and P13 also expressed some general thoughts on the

limits and possibilities of the future of technology, which may have been prompted

by Statement Making or may have been thoughts they had anyway. Both discussed

the fine line between technology that has a positive impact and a negative impact: “if

you take a kitchen knife and start swinging it around, it looks very scary. But if you

see someone cooking with it, you’re going to be hopeful that it’s going to taste good,

so I think it’s kind of in the same vein. I think there’s a lot of things once you start

getting technology into it, it’s really cool. Like I mentioned before, my grandmother

has Alzheimer’s. It would be really cool to have some sort of chip on her so every time

she ran away, I know exactly where she is. But then think about me being twenty one

and having that exact same chip on me, is now a more terrifying concept” (P13). P13

also thought that one of the best ways for people to navigate this technology-heavy

world is to be equipped with knowledge about how the technology operates in order

to make the best decisions. P4 commented on how these realizations such as “are

we really that like blinded by social media, by the technology that we have” prompt

“reflections on yourself as a designer”.

These are all important concepts to be in the consciousness of the making phe-

nomenon since makers may be the ones creating the types of technologies that the
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participants were discussing the positive and negative implications of. Statement

Making may have prompted these conversations, or was at least a context around

which these conversations could happen. The next steps related to this aspect of

feminist utopianism would be to extend these conversations to think about how these

insights about the future should inform current choices.

7.3.2.3 Flexible Ideas

There was evidence of participants changing their minds about something as well

as evidence of how they associated Statement Making with the possibility for multiple

interpretations. When asked what Statement Making was about or what it meant,

there was no single answer and some participants pointed out how it left room for

interpretation. For example, P5 said “there is no specific guidance. It’s not make

a political statement or make an environmental statement. We interpreted that as

this is who I am this is the cross section of my reality. Other people interpret that

as we are going to make a statement about the environment. Or a statement about

resources or abortion rights or what have you.”

Some participants expressed flexibility in their making process (P1, P2) or in the

ideas they associated with their project (P1, P2, P14, P15). P1 and P14 both par-

ticipated multiple years, and both changed from a more technology-based focus to a

more meaning-based focus throughout their participation. P14 reported being “really

happy” they took a different approach “because it gave me a whole other perception on

something that I thought I understood previously.” P15 looked back at the piece they

created and pointed out ways they “kind of disagree with the statement” they made.

If this was a hackathon or a competition-based format, participants would have to

stand by their products or sell them to the judges whether or not they really believed

in them. Statement Making provided room for this more balanced perspective.

Statement Making prompted some participants to consider changing their own

behavior or prompted them to consider alternate perceptions of technology. P12 said
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that they “actually looked at my phone, which can track your screen time. And I

looked at mine and it was ridiculous how much time I spend on social media. And

I don’t actually think I spend that much time, but when you look at the hours that

you are spending a day, even if you’re just opening it for five minutes ten minutes

and closing it, it’s crazy how much time you spend. And it really made me think

that I need to take my own advice and listen to my own statement and cut back

on some.” P14, whose garment made a statement about toxic masculinity, reflected

on their relationships with men and emotions, saying how one of their pieces “made

me think about my involvement with toxic masculinity and the people I know and

just being able to share emotions and how people I know that don’t do that and how

it’s affected me. I don’t know what question pops in my head, but it certainly got

things spinning.” P4 and P12 commented on technology in the world, questioning

the pervasiveness of social media and other technologies, and wondering if there are

other ways things could be. Specifically, P12 wondered, “what are we going to do

about certain things like that are - we depend so much on technology for so many

things and its troubling to think about the what ifs” and P4 said that they “had some

kind of existential crisis. I was like, are we really that like blinded by social media,

by the technology that we have. So it does bring you back ... reflections on yourself

as a designer.”

7.3.2.4 Flexible Futures

P5, P7, P8, P14, and P16 explicitly discussed Statement Making as an opportunity

for learning. P16 wanted to learn parametric design to later apply to processes in

architecture. P5 reported that Statement Making “gave me a lot of the communication

skills necessary to be a better user-based designer”. P14 participated for the purpose

of general broadening of skills: “when I make things, I like to make things a little

out of my element. If no one stopped me, I would be writing software until the end

of time. Opportunities that allow me to branch out and work with fabric, which is
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something I’ve never worked with before, work with fashion, get at least an experience

to talk to a lot of artists and what their experience with the makerspace movement

was. And just being able to branch out and not constantly write software for every

single creative thing I do.” These types of learning endeavors are in line with the

feminist utopian criteria for flexible futures because they show a desire to hone a

broad set of skills for various purposes.

There were other ways participants showed flexibility during their Statement Mak-

ing endeavor and were not set on achieving one particular thing. Several participants

did not know what they were going to make when they started, but let various factors

influence their ideas (P1, P5, P12, P4, P14). P1 and P5 both let the model’s ideas and

preferences drive the process. P5 said how their process“was mostly centered around

- you’re our model, we want you to be comfortable, we don’t want you to have to

think about the way you use it” and P1 similarly focused on making something “more

tailored to [the model’s] identity”. P14 had an idea for the technology they would

use (computer vision), but was open to applying it in various ways and ultimately

made a statement about toxic masculinity. All these participants were also working

in collaborative groups while they were designing, which may have influenced the

flexible outcomes they were open to.

P2, P12, and P16 all reported other types of flexibility in their making process,

particularly in response to learning about constraints embedded within the tools

and materials. For example, P2 went through a “trial and error experimentation

process” to fit the LEDs to a jacket. When asked what strategy they would use

if they participated again, P12 said “probably just tinkering with it like we did in

our class”. While this sort of material experimentation is not unique to Statement

Making, the fact that it was there alongside the more refined idea-driven endeavors

shows that Statement Making is still a maker event. It is important relative to feminist

utopianism because it shows an appreciation for the explorability of materials and
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discovery based on emergent properties.

There was also evidence of participants thinking about the different possibilities

for the future of technology (P1, P4, P12, P13, P15, P16). Some of them were

asking themselves “what if” questions about the possibilities and others saw Statement

Making as exploring some of those “what ifs”. P15 said “I think all the statements

are like ok - here we are now. This is where we will end up in the future, whether

that’s good or bad. Or this is how we can end up, this might be better for the

future”. P1 thought of Statement Making as similar to Black Mirror, a show that

tells technology-centric stories in various dystopian near-future worlds. Similar to

Black Mirror, they saw Statement Making as exploring “how do people interact with

clothing, how do they interact with the world? How do the things we wear have to

say about that? ... Do computers have a role to play in wearables?” This flexible

mindset towards the future of technology is in line with feminist utopianism because

it involves simultaneously considering multiple possible futures and thinking carefully

about what they each mean.

Some participants also discussed their own relationship to the emerging future

of technology or what an individual’s relationship to that future could be (P2, P8,

P12). Their ideas were in line with feminist utopianism in that they saw themselves as

situated amongst many other people and were aware of the ambiguities or uncertainty

of trying to steer things a certain way. For example, P12 and P8 both tackled complex

problems (addiction to social media and waste created by the clothing industry) not in

terms of a technological solution, but rather in terms of aiming to inform or educate

people about the topic. P12 did not think that one person could alter the course

of trends in technology, but could “start a movement” by getting people to think

and then they start conversations with others and the ideas spread. P2 discussed

their project in terms of being the starting point for an “elevated” culture of light-up

clothing. P2 talked about how everyone adds their own energies to the jacket they
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made and how some of the terminology associated with Statement Making “gets me

thinking before I even know what it is”. Overall, this shows a way of thinking about

and working towards a different future, but without a clear definition of what it will

look like.

7.3.2.5 Interconnectedness

Many of the ways participants commented on interconnectedness and diversity

had to do with ways in which Statement Making showcased different viewpoints or

perspectives next to each other, or how Statement Making drew attention to inter-

connections that would otherwise be unnoticed. Several participants pointed out how

there were many different approaches or interpretations on the same stage (P1, P7,

P12, P13, P14, P16). They all valued this diversity for reasons such as expanding

their own viewpoints or seeing what else is possible. P16 initially “thought it was

kind of odd” and “wasn’t sure what direction it was supposed to be in” but later

appreciated it for the purpose of understanding perspectives beyond the ones you

might typically encounter. P12, P13, and P14 also commented on how there were

similarities across the differences, such as how this was a “group of people that are

all doing the same thing but in such different ways” (P14) or how despite there being

a split between pieces “that were making a statement and ones that were technical”,

they also “feel like there were some pieces that kind of meshed together and kept it

coherent” (P13).

Some of the specific connections participants noticed were between different dis-

ciplines (P8, P13, P14, P15). P15 “learned there is a group of computer science -

I wouldn’t call it a subset of CS, but there’s a mix between UX, UI, computer sci-

ence, and humanitarianism. Didn’t know that was ever a thing. I feel kind of dumb

now, not thinking that way. But I didn’t think that you could mix computer sci-

ence and art.” P14 appreciated how Statement Making provided an “opportunity to

break the silo and communicate with other people and talk to other people who have
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very different ways of thinking... just not getting into the group think mentality.”

Other than disciplinary differences, participants observed that differing viewpoints

were supported (P4, P5, P13). P5 said that Statement Making “opened up a lot

of conversations that I think in a lot of spaces wouldn’t have been as cordial and as

civil” and P13 noticed how “there wasn’t any arguing despite some of the more loaded

pieces, I suppose. It was all supported whether or not that person agreed with any

of it.” Some of the pieces aimed to shed light on marginalized experiences (P5), such

as the cultural heritage of the model or what it is like to wear a prosthetic (P1), and

some participants shared ways they learned about experiences related to topics such

as immigration, autism, or culture (P13, P6, P5). Similarly, there was evidence of

participants trying to understand what others were saying or doing, and generally

associated Statement Making as a context based on working towards mutual under-

standing (P15, P16). P2, P4, and P8 all expressed appreciation for the teams they

had worked with and for teamwork in general. P13 felt a general connection to the

other participants in the form of an “energy” they felt at all the events leading up to

the show.

Another type of interconnectedness has to do with situatedness, considering the

larger context in which a particular artifact, making endeavor, or event exists. P5

said, “I felt like I was part of something bigger than myself”. P4 looked at the show

like “taking one piece of the puzzle or a string and then you keep pulling. As I

was watching the show being presented, it was just like pull one after another and

Statement Making as a whole, there is so much to it”, showing they were trying to

figure out what the larger context means. P4 considered their own piece as situated

in that context as well: “as a designer, from building our prototype, seeing all the

little work that goes into it, but then putting it onto the stage, it’s really insightful.

It’s like being able to see that my prototype ties into something”. P1 thought that the

current events of the time influenced the participants: “you know it’s a political time.
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People want to make statements. People have strong opinions about things that are

going on... Maybe if it was twenty years ago, we’d just say ‘make a cool thing” ’.

7.3.2.6 Active Pursuit of Radically Better Future

While many of the participants were pursuing an agenda of some sort throughout

their participation, there were a few comments in particular that expressed a desire

for a radically better future or a broader sense of possible change. Some of these men-

tioned specific ways that the general or local computing culture could change for the

better (P4, P5, P14). P4 discussed feeling “pigeonholed” as a software developer and

appreciated how Statement Making challenges this way of thinking: “with Statement

Making, it is really grand, but I feel like it will push our department to motivate our

students to kind of think as innovators. And not just people who code day in and

day out.” P5 pointed out how in the local computing scene, “we all like to pretend

that we are super diverse and very progressive, but in reality that’s not really true,”

and how Statement Making drives actual change in that direction. P2 spoke in more

abstract terms about the future: “I consider myself a forerunner or just a person who

is there before I’m even there. My ideas kind of shift into the future and I’m like hey

- this. This is important, this matters.” They also spoke of how one person’s actions

can spark others to join in and add their own ideas. When asked whether these ideas

relate to Statement Making, they said that this is “everything about Statement Mak-

ing”. All these desires for a better future are in line with feminist utopianism in that

they are forward thinking, but not in a specific or pre-determined way.

7.3.3 Takeaways

I reflect here on the extent to which Statement Making aligned with the principles

of feminist utopianism and the ways in which feminist utopianism manifested in

the context of Statement Making.3 Overall, there was evidence of free and open
3Some passages in this section have been quoted verbatim from my published work [151].
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participation in the form of makers feeling like they could pursue any type of making

endeavor they wanted, feeling like they could be their complete self, and feeling like

they could express whatever they wanted. There was also free and open participation

in the form of makers including others in their making process, such as collaborating

with their model or incorporating stories from their friends and neighbors. There were

several aspects makers drew upon to make informed choices and several aspects that

helped them realize the limits and possibilities of the situation. Many of them drew

upon input from their models, either as inspiration or as a constraint. There were

also many conversations happening in and around Statement Making that served a

similar purpose: some garments aimed to inform about specific topics such as water

waste and some aimed to prompt reflection about where technology in general is

headed. There was general flexibility in terms of how participants approached their

projects, how they interpreted the prompt over time, how they viewed others’ pieces,

and how they perceived the event as a whole. This was related to the appreciation

for interconnectedness and diversity that the show fostered. Participants noticed

the wide range of differing view points present on a common stage and were able to

find threads of coherence and commonalities. There was also evidence that Statement

Making was perceived as forward-thinking, but was not aiming towards any particular

future. Several participants expressed desires or instincts towards radically better

versions of the future without having a concrete definition of what that looks like.

Overall, these are all aspects that are in line with the feminist utopia criteria and help

us understand what a feminist utopia-aligned context for making might look like.

There are certainly ways Statement Making could be more aligned with feminist

utopianism. The directors of the event set criteria for inclusion and exclusion, which

may have barred some from participation. Aspects of the event such as the emphasis

on digital fabrication rather than all types of making and how potential participants

needed to first see value in making a wearable garment for a show represent typical
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maker norms that Statement Making does not fully depart from and that may have

had an impact on who the event represents. As white women in Art and Computer

Science, the directors embody a some characteristics that are underrepresented in

typical maker culture as well as some characteristics that are over-represented. While

there was a larger group of students helping and we tried to lead in a participatory

way, this may still have had an impact on decisions that were made as well as how

the event was perceived by students.

Based on this analysis, there was evidence that Statement Making aligned with

principles of feminist utopianism to an extent that was non-trivial. Based on the

analysis in Chapter 4, there was evidence that the values of HCM manifested in

the mindsets and practices of Statement Making participants. My next question,

discussed in the next section, was whether there was evidence of how these different

concepts relate to each other in the context of Statement Making.

7.4 Feminist Utopia and HCM in Statement Making

At this point, I have discussed two separate analyses of one set of interviews with

Statement Making participants: one that investigates how the values of HCM man-

ifest in that context (described in Chapter 4), and the other that investigates how

Statement Making aligns with feminist utopianism (described above). My next step

was to understand the relationship between the values of Human-Centered Making

and the principles of feminist utopianism to see if feminist utopianism could be used

as an evaluative measure for the NTHCM or if making practices and mindsets that

align with the NTHCM result in democratization, as defined by feminist utopianism.

To explore the relationship between the principles of feminist utopianism and the

values of HCM as they manifested in Statement Making, I conducted an empirical

investigation to further understand the quotes that I had coded with both feminist

utopia principles and with HCM values.
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7.4.1 Methodology

Because there is no specific methodology in HCI to using a design artifact to un-

derstand the relationship between two abstract ideas, I took an exploratory approach

to this analysis that involved looking through the data and previous results multi-

ple times to see where evidence of a relationship between HCM and feminist utopia

might emerge. I discuss the insights I gathered from looking at the level of individual

quotes.

7.4.2 Results

Since I had coded the interviews with Statement Making participants with both the

values of HCM and with the principles of feminist utopianism, I looked at instances

that were coded both with values of HCM and with feminist utopia criteria, similar

to the way I had looked at instances of places where the values were co-coded in the

first Statement Making study (Chapter 4).

Figure 7.3: Quotes coded with feminist utopianism

A total of 157 quotes were coded with the principles of feminist utopianism (Figure

7.3). Of these, 48 were co-coded with values from the HCI side of the definition of
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HCM, 23 were co-coded with values from the making side of the definition of HCM,

21 were co-coded with values from both sides of the definition of HCM, and 65 were

not co-coded with any of the values of HCM. While this analysis is not intended to

be quantitative, this provides context for the qualitative analysis.

Within each of the categories mentioned above, there were very few emergent

patterns. For example, there were 18 quotes that were co-coded as representing

interaction-based values and at least one of the feminist utopian criteria. Of these, 5

indicated the feminist utopian criteria of making informed choices, 1 indicated flexible

ideas, 4 indicated flexible futures, and 8 indicated interconnectedness. Each of these

categories has further distinctions based on the specifics of how the feminist utopian

criteria and values manifested. As an example, I discuss the different ways instances

of interconnectedness and interaction-based values manifested. Three of these quotes

(P13, P13, P15) expressed how the participant’s focus on the interactions between

the garment and the model wearing it lead to reflections on the situatedness of the

artifact, or how the context of the artifacts being worn on a body influences the inter-

connections they draw attention to. Three other quotes (P5, P16, P16) commented on

the interactions and conversations the participant had with other participants as well

as their appreciation for the differing viewpoints. One participant (P6) commented

on how the interactions that one of the designs affords draw attention to diversity.

One participant (P6) reflected on how their garment, which allows for communication

between remote individuals through touch and haptic feedback, may have prompted

onlookers to reflect on the abstract relationship between “interaction and connection”.

I also grouped the 18 quotes that were coded with interaction-based values and

at least one of the feminist utopian criteria based on what type of interaction was

discussed. Within this set, there were 4 instances of participants discussing the in-

teractions they had with their models (P1, P2, P5, P12). Two of these were co-coded

with making informed choices (P1, P12), 1 was co-coded with flexible ideas (P2), and
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1 was co-coded with flexible futures (P5). Specifically, P1 said “I drew a bunch of

different sketches and paintings and we showed them to the whole team and to [the

model] too and got everyone’s feedback and that was our design process, just kind

of like hey what do we think about this. Do we like this, I don’t know. And then

we picked it and modified it. It was more like a critique session, but it was cool.”

This shows the interactions the participant was having with their model informed the

choices made while making the garment. P2 said “... but yeah I would love this for

more people and put it on people because everybody has their own energies to it..

adds their own energy to it and like I said it goes back to that mission statement, step

up stand out, if you feel confident in wearing something that’s going to have everyone

looking at you then you definitely have the mindset that you are ready to do that and

be seen, dance, move elegantly or efluescently. Just really you know showcase it in

your own way.” This shows that the participant sees different people interacting with

the garment as giving it different meaning, which is a way of having flexible ideas.

While these categories shed light on ways the values of HCM relate to the feminist

utopia criteria in different circumstances, there are few instances of each type of

relationship and few obvious higher level groupings or emergent patterns. Many of

the quotes represent a completely unique relationship between HCM and the feminist

utopia criteria or could only be grouped with 1 or 2 others. It is not surprising that

there were not more emergent groupings due to the sheer number of codes used (6

values for HCM and 6 criteria for feminist utopianism) which means there are 36

different possible ways a value of HCM could be co-coded with a feminist utopia

criteria, not even counting pairs of values or feminist utopia criteria. It could have

been the case that each of the HCM values related primarily to one of the aspects

of feminist utopianism, but this analysis shows that was not the case. This does

not mean there is no relationship between HCM and feminist utopia in the context

of Statement Making, it just means such a relationship is not evident at the level of
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individual quotes. It is possible that the presence of HCM values influenced the extent

to which feminist utopianism was present, but that participants did not express this

relationship within a single quote.

I also investigated the 65 quotes that were coded with the feminist utopia criteria

but none of the HCM values. I first reflected on each quote in relation to the definition

of HCM to see if there were any relations to the previously discussed insights about

how HCM manifested in Statement Making. 40 of the 65 quotes could have related

to the values in some way, even though the values were not coded in the quotes

directly. For example, P4 discussed the value of having a team that was composed of

participants with different backgrounds, embodying the interconnectedness criteria.

P4 did not mention the interactions between the team members, but appreciation for

teamwork is related to an interaction-based mindset and P4 discussed interactions

with the team in other quotes. For the other 25 of the 65 quotes, however, there was

no apparent relation to any of the values based on my past understanding of how

the values had manifested in other places. These instances of feminist utopianism

became interesting to me because they seemed to capture aspects of democratization

that the NTHCM would be unlikely to generate. I discuss some of the most common

aspects here.

One of the aspects of Statement Making that feminist utopianism shed light on

that HCM did not is consideration of the future itself. While the collective value

in HCM sometimes manifested in thoughts about the future impact of technology,

collective does not necessarily invite or prompt thoughts about the future and there

was evidence of participants thinking about the future of technology in ways that

was not necessarily collective (or aligned with the other values). For example, P12

listed some of the applications of digital fabrication they had not thought of before,

such as agriculture, and how different that would be, as well as wondering what social

media will be like. P15 said how “the statements are like ok– here we are now. This
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is where we will end up in the future, whether that’s good or bad. Or this is how we

can end up, this might be better for the future,” which does not relate directly to any

of the values since P15 is talking about statements rather than garments. Explicit

consideration of the future is certainly important for NC3 (risk), one of my original

criteria for democratization, since accessing risk requires thinking about the future.

HCM does not draw attention to ideas, thinking, or reflection into focus, unless they

are tied to an artifact, interaction, or one of the other values. The analysis with the

feminist utopia criteria shed light on some important instances of ideas (P4, P5, P8,

P12). P5 reflected on the different topics of conversation in the makerspace compared

to those that were part of Statement Making. P12 appreciated the opportunity to

reflect on the ideas of all the different participants. P4 said that Statement Making

as a whole “makes you ask a lot of questions”. P5 focused on the idea of sustainability

in their project, and distinguished how “we were sustainable in our ideas but not our

execution”. P12 commented on the depth of thought that Statement Making afforded:

“I got to really in depth think of an idea which I haven’t really done much in CS”.

These quotes showed evidence of all the feminist utopia criteria, but particularly

making informed choices and interconectedness. Ideas themselves are important for

the NC2 (social progress) criteria. Morozov warns of the danger of assuming that

technologies themselves will cause social progress [138]. While the artifact-based –

interaction-based dimension brings the focus away from artifacts and towards how

they are used, this does not fully invite or prompt consideration of the social aspects

or the ideas themselves. The fact that feminist utopianism shed light on some of

the ideas and reflections that the HCM did not raises concerns about whether the

NTHCM would go far enough to promote social progress.

Similarly, some of the instances where the feminist utopian criteria did not relate to

the values of HCM in an obvious way discussed aspects of the open-ended prompt and

some of the subtleties or nuances of designing with such open expectations (P4, P5,
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P12, P13, P14, P16). For example, P5 said that participating “... also taught me that

design is much more open ended than I ever thought it would be. I thought it was more

structured and it’s just not, because human beings aren’t.” P12 and P13 talked about

some of the trade-offs of pursuing emerging technologies, where “any time you have

something that is super positive, you are always going to have some sort of backlash

and people who are using it for the wrong reasons” (P12). These instances related

to the feminist utopia criteria of making informed choices and flexible futures, since

there was flexibility in what participation could look like and participants reflected

on what their decisions to participate in a certain way looked like. P16, who was

initially trying to figure out what direction the show was encouraging participants

to take, “realized that it could literally be anything” and viewed that as a positive

thing, which embodied the all participate freely criteria. All these instances are

important for NC2 (social progress) as they allow participants to define what progress

means without dictating a specific definition, similar to the previous point. They are

also important for NC1-b (access), which is about making sure participants feel like

there are possibilities and options. Statement Making achieved this without explicitly

enumerating those options and did so in a way that could not be explained by the

values of HCM.

7.4.3 Takeaways

My goal for this analysis was to understand the relationship between HCM and

feminist utopianism, which I used as a definition of democratization, as they man-

ifested in the context of Statement Making. It aimed to generate hypotheses that

would guide future studies that use feminist utopianism more formally as an evalu-

ative measure for the NTHCM. I found ample evidence of ways Statement Making

embodied the principles of feminist utopianism. However, the analysis that aimed

to understand the relationship between feminist utopianism and HCM shed light on

some of the shortcomings of HCM. Rather than hypotheses about how the presence
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of HCM might lead to the presence of feminist utopianism, this study suggests that

the NTHCM and feminist utopianism are better suited as fellow travelers. Feminist

utopianism and the NTHCM are two different approaches to the questions I faced as

a makerspace leader discussed in Chapter 3: Where is the making phenomenon going

and how do we get there? Both feminist utopianism and the NTHCM consider that

participation, democratization, access, and empowerment are principles of where we

are going, but the NTHCM and feminist utopianism suggest different ways of getting

there. The NTHCM calls for a particular shift in values, while feminist utopianism is

about what can emerge as the result of participation along paths with certain qual-

ities. I discuss these differences in the next chapter, along with what my findings

regarding these different approaches mean for HCI’s pursuit of democratization.



CHAPTER 8: DISCUSSION AND CONCLUSIONS

Throughout this dissertation, I have reflected on the experience of being a mak-

erspace leader attempting to answer the question of where the making phenomenon

is headed and how I should make sure our makerspace is aligned with that direction.

I took the commonly cited promise of democratization as the starting point, identi-

fied some values within the making phenomenon that were demonstrably in the way

of this promise, drew upon HCI research and practice to suggest a set of alternate

values, and used a series of empirical studies to explore what those values looked like

in practice. I defined HCM to be a particular balance between the sets of values and

defined the NTHCM to be a theory that suggests these values as a guide. I then

turned to the literature for a more robust definition of democratization to use for

evaluating the NTHCM and adopted feminist utopianism, which ended up being less

appropriate for evaluating the NTHCM and more appropriate as a guiding construct

in and of itself for the making phenomenon.

In this chapter, I first summarize what we learned about HCM and feminist utopi-

anism, including the extent to which these concepts can be used by maker leaders

or HCI researchers to guide their actions and reflect on emergent activities towards

the goal of democratization. I then reflect broadly on this project in terms of the

overarching research question regarding HCI’s pursuit of democratization.

8.1 The Normative Theory of Human-Centered Making

The driving hypothesis for this dissertation was:

The NTHCM, which calls for a shift in the values of the making phe-

nomenon to more closely resemble the values of HCI research and practice,
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is theoretically grounded, relates to existing maker practices and contexts,

and there is reason to believe that adopting the theory will bring the mak-

ing phenomenon closer to the promise of democratization.

I reflect on each of the components of this hypothesis here based on the results

from the investigations throughout the dissertation.

8.1.1 Groundedness

In Chapter 3, I derived the definition of HCM and the NTHCM using a set of

criteria for democratization that were derived from the literature, and I used litera-

ture from HCI and making to justify a set of values to guide making practices and

mindsets. Reflecting back on how this theoretical development evolved and how my

understanding of HCM and the NTHCM evolved as the result of the empirical stud-

ies in Chapters 4, 5, and 6, there are some aspects of the process that stand out as

indicators that the grounding of the theory is not as theoretically sound as it might

have been. In particular, one problem was that the more literature I gathered that

implicitly or explicitly mentioned any of the values, the broader my understanding of

the values became. Rather than helping hone in on a more concrete understanding

of what it meant to adopt interaction-based mindsets and practices, each additional

instance of interaction-based mindsets and practices, for example, added on to a

seemingly endless taxonomy of ways interaction-based values could manifest relative

to the making phenomenon.

Similarly, my understanding of how the values should be balanced is also not fully

grounded. While the interview study presented in Chapter 4 sheds light on possible

relationships between the sets of values such as how interaction-based mindsets and

practices sometimes build on an initially artifact-based focus, there are likely addi-

tional ways they could be configured. While additional studies could shed light on

additional relationships, it is not clear if we would ever reach the end of a seemingly

endless taxonomy of possible configurations. This weakens HCM and the NTHCM
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as a theoretical construct because there are so many different ways it could manifest,

some of which are likely much more in line with its primary goals of democratization

than others.

Also, it is possible there are counter examples of making that are in not in line

with HCM, but that are desirable or that are demonstrative of democratization. For

example, the Charlotte MEDI group discussed in Chapter 6 challenges the NTHCM

by suggesting the possibility of successful social impact due to a primarily artifact-

based endeavor.

Lastly, some of the assumptions that the NTHCM was built on are not fully

grounded. Particularly, the NTHCM assumes that HCI is the place from which to

model ideal values. While there are logical reasons to draw from HCI, as discussed

in Chapter 3, there are other options as well. For example, an empirical or theoreti-

cal investigation of a self-identified feminist hackerspace or of an endeavor that more

explicitly implements democratization and participation such as Malmö Living Labs

[28] could have revealed an alternate set of values.

8.1.2 Relates to Existing Practices and Contexts

The interview study with the Statement Making participants (Chapter 4) showed

evidence of the values of HCM in practice and Chapter 5 showed evidence that HCM

could be used as a reflective lens to improve a semi-structured making event, which

both support the statement that the NTHCM relates to maker practices and contexts.

However, there was also evidence of ways HCM and the NTHCM do not. The most

significant indication of the limit to which the NTHCM relates to maker practices

and contexts was the study presented in Chapter 6 with the makerspace leaders and

my own reflections on how to use the NTHCM as a generative guide for future maker

endeavors. While the maker leaders did not think the values were unimportant, it

was difficult to use the values to generate new ideas and the types of goals the maker

leaders did express were different from the goals of the NTHCM. My own usage of
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the NTHCM also proved it was challenging to see ways it could drive actions, but

supported the idea it could be used as a reflective lens. The breadth of the ways the

values could manifest poses challenges. A maker or makerspace leader who was using

the NTHCM as a guide could, for example, understand the value of interaction-based

as primarily relevant to how people in the space interact with each other, which would

be worthwhile. However, this may prevent them from realizing there are other types

of interaction-based mindsets and practices, such as considering the interactions with

artifacts after they leave the makerspace. Unless these makers or makerspaces also

adopt a pluralistic approach to the values, they may not continue thinking about

other ways a particular endeavor could align with the values.

Additionally, the studies showed that HCM was difficult to pinpoint and using the

NTHCM as a reflective lens was not straightforward. While some of the analysis

in Chapter 5 used the values themselves to understand students’ tendency towards

the HCI side or the making side over time, this did not exhaust the insights the

NTHCM would be able to garner. Additional analysis was needed to reflect on the

capstone course as a whole in terms of how the values related to each other and how

the participants and the context interacted. This makes the NTHCM difficult to use

as a reflective lens or to guide new actions.

8.1.3 The Promise of Democratization

This dissertation did not aim to formally evaluate the NTHCM in terms of its capac-

ity to bring about democratization. This would be a large project in and of itself that

would be out of scope. However, the purpose of the empirical study in Chapter 7 was

to begin to understand, or to generate hypotheses, about the relationship between the

NTHCM and a more formal notion of democratization. While the NTHCM addressed

some of the concerns about democratization that are represented in the criteria for

democratization in Chapter 3, looking at the NTHCM through the lens of a more

formal and complete definition of democratization sheds light on ways it falls short
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(Chapter 7). While artifact-based, internal-facing, and individualistic mindsets and

practices are demonstrably in the way of specific democratization-related concerns,

adopting interaction-based, external-facing, and collective mindsets and practices are

not necessarily sufficient to address those concerns or sufficient when considered in

relation to other definitions of democratization.

8.1.4 Implications for HCI Research on the Making Phenomenon

I reflect here on what HCI researchers should do with these findings about the

NTHCM and what they mean for HCI’s pursuit of democratization. If there was

stronger evidence in support of the NTHCM, then HCI researchers could be called

upon to figure out how to design such that HCM would be promoted in the making

phenomenon. For example, HCI researchers could explore how to promote the values

through visual cues or ambient information, could design experiences for makers that

surround these values, and could even see if there were ways the tools themselves

could be designed such that the experience of using them prompted makers to think

about these values.

However, since findings showed that the NTHCM is neither related closely enough

to existing maker practices, nor does it capture a broad enough definition of democ-

ratization, I would not recommend HCI endeavors to figure out how to promote the

values of HCM in the making phenomenon so explicitly. There is, however, still merit

in the NTHCM for HCI research. Chapter 3 showed support for the argument that

being exclusively artifact-based, individualistic, and internal-facing in the making

phenomenon would cause problems for even a very narrow definition of democratiza-

tion. Similarly, if HCI endeavors only support or promote these values (i.e. if HCI

research only focuses on designing tools for individual makers to use in unique ways),

then these HCI endeavors would similarly not achieve the promise of democratization.

I do not recommend that all HCI endeavors related to the making phenomenon shift

away from these values or towards collective, interaction-based, and external-facing
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values explicitly, but rather, I suggest that there is benefit to at least some HCI en-

deavors promoting or looking at the making phenomenon in a way this is collective,

interaction-based, or external-facing. This finding is consistent with Roedl et al.’s

observation that HCI research on the making phenomenon primarily focuses on ma-

terial empowerment of individual makers while not paying close attention to some of

the more social or political aspects of making [163].

8.2 Feminist Utopianism

While I intended for feminist utopianism to be an evaluative measure for the

NTHCM, I actually found it to be a helpful construct for maker leaders and HCI

researchers in and of itself. I discuss its merits and the nature of its applicability

here. Overall, feminist utopianism is grounded in feminist theory, democracy, and

critiques of utopianism, it relates to the practice of making and maker leadership as

evidenced by the study in Chapter 7 and the discussion below, and it shows promise

for democratization because it is a way of conceptualizing democratization. While

the dissertation was driven by a hypothesis about the groundedness, relation to prac-

tice, and promise for democratization of the NTHCM, feminist utopianism does a

better job of meeting these needs. I expand on these ideas below and in the following

section, I reflect more broadly on what these findings about the NTHCM and feminist

utopianism mean for HCI’s pursuit of democratization in the making phenomenon.

8.2.1 Groundedness

Not only is feminist utopianism an already established philosophical concept, but

I will also show here how it embodies the values of HCM, showing that many of

the theoretically grounded merits of the NTHCM apply even more to feminist utopi-

anism. In many ways, feminist utopianism is a more collective, interaction-based,

and external-facing approach to working towards the promise of democratization in

the making phenomenon than the NTHCM itself, even though these values were part
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of the definition of the NTHCM. Specifically, feminist utopianism is more collective

than the NTHCM since a feminist utopia is something that happens at a collective

community-wide or societal level. The NTHCM considered the collective impact of

the making phenomenon primarily in terms of the aggregate of all the endeavors hap-

pening within it and suggests that individuals should shift to be more collective, which

is actually a rather individualistic view of collective action. Feminist utopianism is

more interaction-based than the NTHCM because it is dependent on particular types

of interactions within a community, whereas the NTHCM is more narrowly centered

around activities related to the creation of artifacts. Feminist utopianism is also more

external-facing than the NTHCM when considered from the position of an HCI re-

searcher or makerspace leader. Specifically, the study presented in Chapter 5 showed

evidence of how an internal-facing mindset can manifest in a maker who, in the pro-

cess of working with a stakeholder to create something, explicitly or implicitly seeks

to maintain their own positionality as the center of the endeavor even when the oppor-

tunity is presented for them to center the goals and experiences of others. Similarly,

the NTHCM can be seen as a more internal-facing approach since it originated from

a single HCI research endeavor and single point of makerspace leadership, and repre-

sents an implicit desire for that HCI research endeavor to maintain positionality and

for that point of makerspace leadership to maintain control, whereas feminist utopi-

anism is not something that exists in the world and cannot be harnessed, controlled,

or articulated before it exists by a single researcher and requires thinking externally

to that positionality. I reflect more on the specifics and implications of this last

point in later sections as part of a broader discussion about HCI’s engagement with

democratization.

These points about the values show that feminist utopianism is grounded in some of

the same ideas as the NTHCM. It should also be noted that the fact that considering

feminist utopianism through the lens of the NTHCM shed light on ways it aligns with
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the values further supports the point that HCM is useful as a reflective lens.

8.2.2 Relation to Maker Practice

The reason I decided to engage with the topic of democratization was because of

questions I had as a makerspace leader about the promise our makerspace should

align with and how we should move towards it, or “Where are we going and how

do we get there?” as outlined in Chapter 3.1 Feminist utopianism tells us that the

promise of makerspaces is not to bring about a particular version of the future but

rather to be a component in the unfolding of processes where multiple possible better

futures are considered and pursued. Makerspaces do not represent a utopian glimmer

of the future, but rather a utopian glimmer of a type of path along which better un-

representable but possible versions of the future unfold. The promise of makerspaces

is not a particular end result, but rather the type of path, type of processes, and

types of interactions they have the potential to enable.

The practice of makerspaces (and the practice of maker leadership) is thus to

pay attention to the path the makerspace is on and implement mechanisms that

prompt the feminist utopia criteria such as flexibility, interconnectedness, and mak-

ing informed choices. The practice of making happens through lived experience and

involves developing an understanding of the possibilities, the pursuits and goals of

others, the situated context, and flexibly moving forward. The practice of making

is not necessarily about making artifacts, but about developing meaning and under-

standing. It is about realizing what is possible, thinking critically about the limits,

and understanding others’ perspectives, as well as the situated context. In Chapter

7, I showed that McKenna’s principles are helpful as a reflective lens to understand a

past maker context and we suggest they may be helpful as a guide for maker leaders

going forward. There are certainly academic and non-academic accounts of making

that already align with this way of thinking, such as critical making [31, 96], Bowler
1Some passages in this section have been quoted verbatim from my published work [151].
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et al.’s prompts for mindful making [34], or Hope et al.’s feminist hackathons [102]

among others, and a feminist utopian approach to making would be a fellow traveler

to these endeavors. Insights about their efforts along with this shift in framing from

end-state to process that we’ve presented can both inform our future efforts going

forward.

Looking at past making endeavors through the lens of feminist utopianism also

helps distill concrete principles for future maker endeavors. Specifically, based on the

study presented in Chapter 7, these are some of the aspects of Statement Making

that seem to have contributed to the ways Statement Making aligned with principles

of feminist utopianism and that may be reasonable for maker leaders more generally

to adopt.

Shift focus away from artifacts Part of what helped Statement Making align with

the feminist utopia criteria was the way participants viewed each other’s work

and viewpoints: with curiosity, understanding, and awe. While the makerspace

does not prohibit participants from these same perspectives, it perhaps does not

do enough to prompt them. While any project conducted in the makerspace

has meaning to the person who made it and perhaps others, it is up to the

person who made it to advocate for it and for themselves. The makerspace con-

text could play a larger role in drawing attention to the fact that things have

meaning and the people who made them have viewpoints. Statement Making

achieved this by providing a stage to showcase participants’ efforts and by fram-

ing the participants’ contributions as “statements”, which emphasized the ideas

and meaning behind the artifacts. Similarly, the stories we tell about making

contexts could be less about the artifacts people created and more about what

relationships were fostered or what endeavors were initiated.

Opportunity for social progress without being solutionist As soon as we frame

a makerpsace or a context for making in terms of a challenge or prompt such
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as ‘helping the community’, we make it much harder for many of the feminist

utopian criteria to emerge because we have set a particular type of agenda.

Several of the participants had a social agenda to push, but none of them saw

themselves as trying to ‘solve’ it, rather they viewed their efforts as raising

awareness, starting conversations, bringing certain narratives to the forefront,

or exploring the nuances of the issue. This means that they are more likely to

be on a flexible path where such better futures unfold.

Prompt awareness of situatedness Situatedness is an important part of under-

standing interconnectedness. It is not enough to just understand the different

artifacts in relation to each other, one must also understand the context in

which they were created, and the general technological landscape that all these

artifacts are part of and are commenting on. Makerspace leaders can be sure

to prompt similar reflections on the broader context within which actions are

situated. Oftentimes makerspaces have a rather individualistic emphasis, which

is perhaps a remnant of the “rugged individualism” culture in computing [75].

This is reinforced by rhetoric of personalization and customization the mak-

erspace provides [87]. To get away from this, makerspace leaders could shift

from only talking about what “you the maker” can do to talking about what

“we the makerspace” can do together or what “we the makerspace” are trying

to figure out together. The specifics of this framing would shift over time since

the first thing that “we the makerspace” might be trying to figure out is “what

are we the makerspace trying to figure out”. While there is evidence of HCI

researchers working to figure out the broader trends makerspaces are situated

within [123, 20], we have not found evidence of those conversations happening

in makerspaces or evidence of HCI researchers trying to prompt makers to think

in that way.
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Actively Pursue a Radically Better Future The above suggestions attempt to

provide actual concrete guidance and as a result are rather incremental. We

encourage makerspace leaders to meditate on the concepts of feminist utopi-

anism and realize that the mechanisms by which they could be realized might

require a departure from other aspects of the current reality. When we came

up with Statement Making, we momentarily left behind the idea of thinking of

a makerspace context as a physical space to thinking about it as an event or as

culminating in a performance. Similarly, makerspace leaders could work with

the makerspace participants to come up with different models, plans, formats,

and endeavors. Also, Statement Making was started in response to critiques of

the local campus maker culture and aimed to be different. Some students even

joined because it offered something different. Makerspaces could try different

endeavors that communicate “we are doing something different here” through

different aesthetics, values, purposes, or prompts. If participants perceive the

context they are operating within as standing in opposition to the norm in some

way, that may prompt conversations, reflections, and other forms of considering

versions of a radically better future.

Pluralism In line with the flexible ideas criteria of feminist utopianism, Statement

Making was not concretely defined. Participants interpreted the prompt in dif-

ferent ways and assigned their own meaning to their pieces and to others’. We

similarly need a flexible way of allowing different meanings to be assigned to

endeavors in the makerspace. While makerspaces are technically open-ended

and claim to allow any form of association the participants would like, a chal-

lenge is that there are a lot of pre-conceptions about what they are for. State-

ment Making allowed for a range of technological, political, artistic, expressive,

problem-solving, future-imagining pieces without enumerating those categories

beforehand, which would have inevitably left someone out. This also left room
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for different maker-related identities to participate. Makerspace leaders should

similarly think about how to provide opportunities for these different types of

endeavors to emerge. This suggestion is closely related to Bardzell’s feminist

HCI principle of pluralism [19], and is still an important component of feminist

utopianism.

Overall, because of the fact that feminist utopianism satisfactorily answers the

questions that arose from my experience as a makerspace leader about what promise

to align the makerspace with and how to work towards that promise, and because

reflecting on the study that used feminist utopianism as a lens during analysis in

Chapter 7 yielded the distilled concrete set of actions for makerspace leaders pre-

sented above, we can conclude that feminist utopianism relates well to existing maker

practices and contexts. Future work will need to be done to investigate how well

feminist utopianism can drive actions and how those endeavors would be initiated

and perpetrated. However, even the principles above show promise that feminist

utopianism has merit beyond its use as a reflective lens in driving new making efforts

forward.

8.2.3 Promise of Democratization

Feminist utopianism was chosen for study as a definition of democratization, the

justification of which was discussed in Chapter 7 so naturally it shows promise in

its ability to guide towards democratization. The study in Chapter 7 also shows its

relevance to the question of democratization specifically as it applies to the making

phenomenon.

8.2.4 Implications for HCI Research on the Making Phenomenon

Designing to encourage makers or makerspaces to become more aligned with femi-

nist utopianism is a much less straightforward task that it would have been to design
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to encourage makers or makerspaces to become more aligned with particular values.2

Perhaps HCI researchers could adopt McKenna’s principles [134] as goals of design

endeavors: design to promote flexibility or design to make makers appreciate their

interconnectedness. However, feminist utopianism suggests that there are new ways

to think about even the nature of the relationship between researchers in HCI and

the making phenomenon. Much of the HCI literature on making paints an opti-

mistic narrative of progress, where the making phenomenon represents a glimmer of

a future abundant in participation, democracy, and empowerment. By supporting

making in any way, researchers can claim that HCI is inching towards this promise

[163]. Despite known critiques, this narrative prevails [16]. Part of the reason might

be that it is not clear what an HCI intervention in framing the practice and promise of

making looks like. HCI researchers face similar questions relative to the making phe-

nomenon that we as makerspace leaders faced relative to our own makerspace: How

do HCI researchers contribute to any futuring projects in the domain of making with-

out overstepping their bounds? How do HCI researchers balance their own agendas

for the making phenomenon with the agendas of the community (or the agenda-less,

open-ended spirit of the community)? Just like we as makerspace leaders have an

imperative to not leave the space in a completely open-ended free-for-all format, HCI

researchers have a similar imperative: In the absence of aligning with an improved

perspective on the promises of the making phenomenon, HCI researchers risk contin-

uing to reinforce a status quo that does not have broad participation and has not yet

considered the unintended consequences. Perhaps the relationship between HCI and

the making phenomenon might also be informed by feminist utopianism. Rather than

thinking up an abstract end-goal (or ignoring the need to think beyond our immediate

actions), maybe HCI researchers should develop a relationship and pathway for HCI

and the making phenomenon to participate in the process of such a future emerging.
2Some passages in this section have been quoted verbatim from my published work [151].
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8.3 HCI’s Pursuit of Democratization through the Making Phenomenon

While feminist utopianism was originally meant to help determine the extent to

which the NTHCM could guide the making phenomenon towards the promise of

democratization, it ended up having merits as a guide for democratization in and of

itself. I thus considered the NTHCM and feminist utopianism to be fellow travelers

with different approaches towards similar goals of democratization and participation.

The way each expresses and engages with democratization is different, however. I

reflect here on some of those differences and unpack assumptions I had made when I

was constructing the NTHCM about how the broad concept of democratization relates

to design endeavors. Many of these assumptions may have contributed to the reasons

why the NTHCM did not fulfill its own promises as well as feminist utopianism. I

reflect on what this means for HCI’s pursuit of democratization and the assumptions

that underlie familiar frames of legitimacy in HCI. It is in this section that I provide

support for the thesis statement of this dissertation:

HCI endeavors that pursue the promise of democratization through re-

search and design efforts related to the making phenomenon require mov-

ing beyond several underlying assumptions of typical HCI practice: as-

sumptions about how the endeavor will scale, assumptions about HCI’s

role in driving the effort, and assumptions about how theory and praxis

relate.

8.3.1 Assumptions About Scale

Some of the differences between the NTHCM and feminist utopianism have to do

with assumptions about how design endeavors will scale and how the small experi-

ments or prototypes are assumed to relate to the future.3 When I started constructing

the NTHCM, I was thinking mostly in the context of our own makerspace or specific
3Some passages in this section have been quoted verbatim from my published work [151].
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Figure 8.1: Assumption about scale in the NTHCM

Figure 8.2: Feminist utopianism

maker endeavors such as 3D printing prosthetic devices for children with limb dif-

ferences. I saw our makerspace as being a collection of individuals, and the making

phenomenon as a collection of makerspaces, and that the making phenomenon rep-

resented or modeled how all of society would interact with technological production.

Our makerspace was thus a scaled down versions of what the making phenomenon

could be, which was a scaled down version of what society could be (Figure 8.1).

This assumption about scale meant I also assumed that if the theory I was develop-

ing worked within the context of a particular maker endeavor or in our makerspace,

it would work in the making phenomenon as a whole. When I was deriving the defi-

nition of the NTHCM, I was thinking in terms of mindsets, practices, and outcomes

that would be evident and measurable in our local maker context and assumed that

was sufficient. I was not considering phenomena and factors that emerge or are ev-
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ident only at a broader or societal level. Some of the ways in which the NTHCM

is complex have to do with explaining how individual makers and the context they

operate within interact. The study in Chapter 4 shed light on how this was difficult

to represent formally, even for a simple event.

Much of HCI focuses on smaller endeavors as well, particularly in the way HCI

design endeavors consider prototypes and artifacts [43, 192]. The idea is that the

future is complicated and uncertain, but a prototype is a more immediate and under-

standable probe into the future [69, 72]. For the prototype to have an actual place

in the future, some sort of scaling needs to happen, though Brown et al. wonder

whether and how HCI endeavors can actually scale [36]. As Lindtner et al. sug-

gest, HCI endeavors that focus on democratization often do so at such a small scale

that the politics are barely visible [124]. Even Participatory Design faces challenges

when trying to scale up since PD endeavors typically focus on local challenges and

a designer is required to be part of the endeavor to configure the participation [20].

This is also related to a point Dourish and Mainwaring make when discussing the

colonial impulse of the Ubicomp research agenda [68]. They claim there is often a

problematic underlying assumption that whatever is happening within the research

lab needs to be happening elsewhere: “research laboratories are the world in micro-

cosm, and what they have, the rest of the world will want”. Similarly, the NTHCM

assumed that shifting individual maker mindsets and practices would yield a shift in

the making phenomenon as a whole and that a small endeavor illustrating the merits

of the NTHCM would serve as a proof of concept that the NTHCM could fix the

societal question of democratization.

In contrast, a feminist utopia is a society-wide phenomenon that is happening

everywhere all at once (Figure 8.2). While feminist approaches have been used in

HCI, design, and even the making phenomenon before for the purpose of emancipation

[19, 45, 148], looking at the interview study with Statement Making participants
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through the lens of feminist utopianism (Chapter 7) helps us realize the possibility for

a broader form of emancipation in the making phenomenon. Bardzell discusses how

the feminist HCI design principles are more focused on design in-the-small, while there

are other concepts that can help with “democratic design experiments (writ large)”

[20]. One of the reasons to take a larger-scale look at a context such as Statement

Making or a makerspace is, as Bardzell points out, due to some of the shortcomings

of only looking at individual experiences. Specifically, petit récits, which focus on

local narratives, typically from marginalized voices, are one approach to interrogating

problematic totalizing visions [20]. Some of the shortcomings of this approach are how

there is no room for theory or moral universals and how there are “no mechanisms for

us to reject marginal perspectives that should be marginal” [20]. This is a particularly

salient concern in the making phenomenon since there are very few mechanisms of

control in spaces that have a completely open-door policy. The feminist HCI design

principles and research that uses these principles to reflect on whether a particular

design or experience was emancipatory or empowering for individuals [19, 148] fall

into this category of design in-the-small: while the emphasis is on understanding the

conditions that foster positive experiences for individuals, this understanding does not

shed light on how the broader context could be arranged or how to avoid situations

where the conditions are exploited by individuals with other values. These points

culminate in Bardzell’s question: “The intellectual challenge therefore is to find a

way to preserve the moral universals, the utopian impulse, and the drive to design

toward replacing the current situation with preferred ones, without relying on a now

discredited modernist epistemology. How can we throw out the bathwater without

throwing out the baby, too?” [20]. In other words, how to keep the pursuit of broad

systemic change while reducing the assumption that “a skilled expert produces futures

on behalf of everyone” [20]. Bardzell suggests feminist utopianism as an answer since

it allows for broad re-imagining of society, but does not depend on one person to
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figure out what it means. Before encountering feminist utopianism, these questions

were similar to the ones I presented in Chapter 3 about what the broader promise

of the making phenomenon was and what the extent of my right or responsibility

to intervene was. My approach to answering these questions was to align with the

promise of democratization and to develop the NTHCM as a guide for how to get

there. However, the NTHCM falls into this category of design in-the-small and was

conceived of by a single individual, both of which are critiqued in this perspective

that argues the merits of feminst utopianism for consideration in design approaches

[20].

Statement Making was not a large scale example of a feminist utopia, but it was

certainly larger than what we would have initiated if we were trying to maintain

complete control over how participation was configured. There were times when

running Statement Making, especially the first one, that I felt it was too big too fast

and that we should perhaps scale back. Luckily, we did not, because part of what

made Statement Making successful is the fact that it was big and different. This also

opened my eyes to what it could mean to start something that was at a scale beyond

what I could possibly understand before starting it. It is difficult, but interesting, to

imagine what a similar shift in scale or a feminist utopian approach would look like

for other HCI endeavors. One challenge of thinking at a broader scale that happens

all at once is how it starts and who instigates it. We would need to move away

from our instinct to start with an individual artifact or the interactions immediately

surrounding a single artifact. We would need to figure out how a path can unfold

everywhere within a given scope simultaneously at once without relying on someone

initiating something that starts small and grows or propagates. We would need to

figure out ways of doing this where we simultaneously let go of control so conversations

can emerge everywhere, but where we still have a sense of responsibility over the

consequences. With Statement Making, we got started by setting the bounds of the
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event: a digital fabrication fashion show. Unfortunately, this meant we inevitably

left out some people such as those who were not interested in digital fabrication or

those who did not see value in expressing an idea through a wearable garment in a

fashion show format. Perhaps the feminist utopian principles embedded in Statement

Making would help it grow and expand in a dynamic way that includes more people,

but Statement Making certainly does not represent what a society-wide relationship

with technological production could look like.

Ultimately, the takeaway for HCI researchers is the insight that HCI endeavors

working towards the promise of democratization that assume smaller scale versions

will automatically scale to larger versions is limiting. While there is value in pursuing

small scale endeavors, it cannot be assumed that the insights will automatically apply

to larger scale endeavors. While it is not clear how exactly HCI researchers should

go about pursuing larger scale endeavors, feminist utopianism is a construct that

can help HCI researchers think about such a scale. If HCI researchers were only

thinking of small endeavors that scale up, that would limit the likelihood of realizing

or appreciating ideas such as feminist utopianism.

8.3.2 Assumptions About Stance and Positionality

In Chapter 1, I introduced two figures (Figures 1.2 and 1.3) to illustrate how

the different levels of research questions related to each other. For convenience in

the discussion, they are reproduced here as Figures 8.3 and 8.4. In order to make

progress towards HCI’s promise of democratization in the making phenomenon, I

let go of my stance as an HCI researcher and asked the question from the position

of a makerspace leader. In some ways, this was necessary. From the stance of an

HCI researcher, the question would have been “Towards the goal of democratization,

how can HCI prompt the making phenomenon to be more mindful of the impact of

their endeavors on the human experience?”, and HCI researchers do not necessarily

have standing to intervene in external communities in this way without adopting
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undesirable qualities such as being paternalistic or colonial. I thus asked a similar

question from the stance of a makerspace leader, which was much more reasonable:

“Towards the goal of democratization, how can I, as a makerspace leader, ensure the

makerspace that is in the domain of my responsibility or control is mindful of the

impact it has on the human experience within the space and external to it?”

Figure 8.3: Focusing on what makerspace leaders should do towards the promise of
democratization in the making phenomenon

Figure 8.4: Using insight about what makerspace leaders should do towards the
promise of democratization in the making phenomenon to shed light on implications
for HCI.

My pursuit of democratization as a makerspace leader by way of developing the

NTHCM was thus done with HCI in mind; the NTHCM was structured in a way that

the outcomes would be easily transferable back to my role as an HCI researcher or

for other HCI researchers. My investigations from the standpoint of a makerspace

leader involved figuring out what needed to be implemented with the goal of turning

that information over to other HCI researchers to figure out how to implement it.
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The choice to pursue values was in part because if I could distill a set of values, I

had confidence HCI researchers would be able to figure out how to design tools or

experiences for the making phenomenon to propagate or manifest those values.

In this way, the endeavor of creating the NTHCM was stance-preserving for HCI,

a term that I introduce here to mean that the NTHCM maintained the fact that

HCI researchers would have a place in figuring out how to make it happen and HCI

would have a place in initiating those endeavors. In contrast, feminist utopianism

is less stance-preserving for HCI: there is not an obvious place for HCI in initiating

or driving a feminist utopia since the primary driver of progress in a feminist utopia

is all the participants in the society. Before expanding on this idea or unpacking

the implications, let us first illustrate a similar idea in a slightly different context in

order to draw a parallel with a point discussed earlier. The results of Chapter 5 shed

light on how an internal-facing mindset can manifest in a maker who, in the process

of working with someone who has a limb difference to create a prosthetic device,

explicitly or implicitly seeks to maintain their own positionality as the primary driver

of the endeavor. Figures 8.5, 8.6, and 8.7 illustrate a generalization of this idea, where

a maker with an increasingly external-facing mindset is working with a stakeholder

who will benefit from a particular artifact being created (such as a prosthetic device).

In these figures, the dotted lines represent who the maker perceives as the primary

driver, initiator, or designer during the endeavor, where internal-facing, similar to the

idea of stance-preserving introduced earlier, means they are preserving their role as

the driver of the making endeavor and external-facing means the maker is opening

up their notion of who the driver is. Figure 8.5 represents a maker who perceives the

other stakeholder (such as the person with a limb difference they are working with)

as being there to help the maker fulfill their own goal of making an optimal product.

On the other hand, Figure 8.7 depicts a maker who sees the other stakeholder as the

primary driver of the making endeavor, while the maker is a spectator, facilitator,
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or a resource that can be called on by the stakeholder when needed. The making

endeavor is framed and centered entirely external to the maker.

Figure 8.5: An internal-facing approach to creating something for someone else, where
the maker focuses on how their role as a maker can help others or how they can make
things for others

Figure 8.6: A partially internal-facing, partially external-facing approach to creat-
ing something for someone else, where the maker focuses on the process of creating
something with an external stakeholder

Figure 8.7: An external-facing approach to creating something for someone else, where
the maker focuses their endeavors on the other stakeholder, seeing their own role as
facilitating, enabling, or standing by as a resource for the stakeholder who is driving
the endeavor

Similarly, if we return to the broader point about HCI’s stance relative to democ-

ratization, we see how feminist utopianism more closely resembles the external-facing
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approach in Figure 8.7. A revised version of Figure 8.4, which depicts how I originally

imagined the development of the NTHCM would inform HCI about what kind of en-

deavors to pursue, is depicted in Figure 8.8, where the dotted lines show how the HCI

researcher is focusing on HCI as the driver of the goal of democratization through

HCI endeavors related to the making phenomenon. Again, this is the approach I

took with the NTHCM, focusing on types of outcomes that would be useful to guide

future HCI design endeavors such as values. Alternatively, Figure 8.9 illustrates how

HCI thinks about democratization in the making phenomenon when considering a

topic such as feminist utopianism. Since feminist utopianism exists at a society-wide

scale and is driven not by a single design endeavor, but rather by everyone in the

society, in order to even consider this idea, HCI has to de-center itself because it is

not immediately obvious what HCI’s role in a feminist utopia would be; a feminist

utopia is not something HCI can design in the same way it designs for other types of

experiences.

Figure 8.8: An HCI researcher focusing on their role when thinking about how to
pursue the goal of democratization in the making phenomenon
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Figure 8.9: An HCI researcher focusing on democratization in the making phe-
nomenon independent of their role in perpetrating it

Ultimately, the takeaway for HCI researchers is the insight that HCI endeavors that

seek to preserve HCI’s role as the driver, initiator, or designer in projects that seek

the promise of democratization may be limiting the extent to which that promise

is fulfilled due to the fact that some approaches to democratization require look-

ing beyond types of outcomes and endeavors that HCI is accustomed to. Thinking

about the question, “How should HCI researchers pursue democratization?” through

the development of the NTHCM limited the extent to which this question could be

answered. Asking first, “What could democratization look like here?” would be a bet-

ter approach. HCI endeavors that seek the goal of democratization should reflect on

whether the endeavor is attempting to preserve HCI’s stance, which could be limiting,

and should make sure they are open to other types of endeavors.

8.3.3 Assumptions about the Separation of Theory and Praxis

One of the motivations of developing the NTHCM was to bridge the theory of

democratization with the practice of making. It was not immediately obvious how

to do this, however. In Chapter 3, I expressed some concerns about the impact of

the making phenomenon if makers were not taking into consideration the human

experience of their making endeavors. While the collective actions of all makers

and makerspaces influence the extent to which democratization manifests and the
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implications of the making phenomenon as a whole, each individual maker does not

necessarily think about that and their actions may or may not directly contribute to

the collective output. For example, if we were to decide that a broad awareness of the

impact of technology on society should be part of the making phenomenon, then it

would not be clear where that conversation should take place or whose responsibility

it would be to enact it. If someone wanted to laser cut a keychain, would they need

to think about the possible societal consequences of the making phenomenon as a

whole?

The NTHCM attempted to bridge theory and praxis by identifying values that

were chosen with the goal of relating to both makerspace mindsets and practices

as well as democratization more broadly. The values were generative rather than

prescriptive; they would not dictate what activities should or should not take place,

but rather would invite certain considerations relative to those activities, theoretically

bridging theory and practice at just about any locus of making. The challenge with

the NTHCM was that the values were difficult to relate directly or concretely to

maker practices and they did not fully embody or implement democratization. The

NTHCM also treated democratization as a design goal, which is a common technique

in HCI for guiding design endeavors [164], and attempted to figure out the conditions,

in the form of values, that would cause this goal to emerge.

Feminist utopianism relates theory and praxis in a different way. Rather than the

theory and practice being separate, the theory is embodied, embedded in lived experi-

ence, and emerges over time as the result of participation. Rather than the theoretical

promise of making, which could be about the democratization of technology produc-

tion or something else, being an abstract representation of a possible far off future,

the promise of making is dynamically negotiated and pursued by the participants.

The promise is possible, but it is unrepresentable in the form of a theory or vision

because the promise is the way the practice and actions of the participants unfold.



214

When I was developing the NTHCM, I had assumed that I would have to figure out

how to relate the theory with the practice, but it turned out that there was already

an established construct that was helpful here.

Ultimately, the takeaway for HCI researchers is that there are ways of thinking

about democratization not as a theory or outcome that is separate from practice, but

rather where it is a particular condition, attribute, or configuration of participation.

Instead of thinking of the theory of democratization and the practice of participation

separately, HCI researchers who are pursuing the promise of democratization should

consider theory and praxis in a way that is more closely intertwined. This is neither

a new idea in the realm of democracy, as discussed in Chapter 7, nor is it new in the

field of HCI as HCI is accustomed to artifacts as embodying and representing theories

[43]. The suggestion here is for HCI to also consider the different ways sociotechnical

systems can embody or represent theories and figure out how to design with that

information in mind.

8.4 Conclusion

In summary, this dissertation aimed to construct, develop, and evaluate a theory

that would guide makerspace leaders and HCI researchers towards the promise of

democratization of technology production in the context of the making phenomenon.

The theory, the NTHCM, is built on a definition of democratization that focuses on

broadening access and consideration for the impact of the endeavors in makerspaces.

It consists of values from making (individualistic, internal-facing, artifact-based) that

seem to be in the way of those goals and values from HCI research and practice (collec-

tive, external-facing, interaction-based) that show promise for achieving those goals.

Empirical and theoretical investigations showed that while entirely individualistic,

internal-facing, and artifact-based mindsets and practices in the making phenomenon

may be problematic in progressing towards the goal of democratization, shifting to be

more collective, external-facing, and interaction-based is not necessarily the answer
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to the problem, nor are any of these values directly relatable to the practice of makers

or maker leaders. These findings suggest that HCI researchers should be mindful of

which values their own endeavors relative to the making phenomenon are reinforcing.

While there is no evidence to suggest all HCI research on the making phenomenon

should be guided by this shift, there is evidence of the merits of collective, interaction-

based, and external-facing mindsets and practices in the making phenomenon. Ideally,

there are at least some HCI endeavors that embody and propagate these values.

On the other hand, feminist utopianism, which was originally meant as an eval-

uative measure to help determine the extent to which the NTHCM aligns with a

more holistic definition of democratization, shows potential for being a guide to help

maker leaders to understand how democratization happens and to recognize and re-

alize some of the characteristics of the path along which it may emerge are. Feminist

utopianism is grounded in democratic ideals and relates to maker practice in the way

that it answers questions about how the making phenomenon can progress forward

without imposing one particular definition of progress on everyone. Findings showed

how feminist utopianism is a useful lens to understand an existing maker event and

using such analysis to generate additional concrete guidance for maker leaders. These

findings suggest that HCI researchers might find ways to promote principles of fem-

inist utopianism in the making phenomenon and to consider different relationships

between the field of HCI and the making phenomenon as a whole.

This dissertation also shed light on some of the underlying assumptions that limited

the NTHCM in the extent to which it was able to pursue the goal of democratization:

assumptions about how endeavors will scale, assumptions about HCI’s role in driving

the effort, and assumptions about how theory and praxis relate. HCI researchers

who align their efforts with democratization should make sure they are not limiting

what they are able to envision by assuming that smaller endeavors represent scaled

down versions of larger endeavors that operate the same way, should make sure to
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consider what democratization looks like without primarily centering the question

around HCI’s role in driving the endeavor, and should consider different ways that

sociotechnical systems can embody or represent theories and figure out how to design

with that information in mind.
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