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ABSTRACT 
This dissertation explores the interface between reflecting on ideals and the action or 

physical transformation that occurs in the world. Rephrased as a question: What are the 

appropriate and necessary epistemological pre-requisites for scholars that will increase 

the likelihood that their praxis succeeds in transforming society away from capitalism 

towards something that does a better job of assuring social justice? This question is good 

to organize around but makes for a poor research question because its answer is near 

infinitely debatable. My research questions then, come down to the following: In what 

ways can a researcher participate in a deliberate cultural intervention through the 

utilization of technological systems? What makes these interventions successful and what 

makes them fail? How does a researcher “step back” from such a project and draw out 

lessons for future interventions? 

In service of answering these questions I have developed three “sense-making tools” to 

work through this difficult position. A sense-making tool is an epistemological 

framework that comes short of a theory of causation and instead prioritizes a change in 

perspective on the part of the individual engaging in praxis. 

Those three tools are 1) capitalism is an emergent phenomenon, 2) recursivity is an 

epistemology that prioritizes organized complexity over rationalized efficiency, and 3) 

once decoupled from its main usage in reference to the Internet, the term “online” is a 

useful means of describing and understanding humans’ relationships to networks of 

communication and economic exchange. These three sense-making tools are applied to 

two case studies, an open source condom vending machine and a mesh Wi-Fi network. 

Both projects employed an “inverted critical technical practice” methodology that 

brought together engineering’s tacit ways of knowing and critical theory’s analytic tools 

to foster a symbiotic working relationship between the two. I fortify this experimental 

approach with some classic interview and participant observation techniques to ensure 

sufficient data collection. Taken together, this work tells a story about the importance of 

thinking deeply about what we as researchers bring to our field sites, both metaphorically 

and literally. 
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By evaluating my own projects and sharing what worked and what didn’t I aim to 

increase the likelihood of achieving successful projects in the future. I have prioritized 

understanding my case studies and subject position in terms of how to do better work in 

the future, not necessarily painting a perfect picture of how the world works or even 

should work.  
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CHAPTER 1: INTRODUCTION 

THE PROBLEM TO BE UNDERSTOOD 
What should scholars do with their time? Should they study the horizons of new and 

developing social justice issues and publish their findings, or should they prioritize the 

invention of new organizational formations that may produce more socially just outcomes 

for more people more of the time? Is it better to study close to where you live and make a 

better community for those around you, or should you go wherever poverty, hunger, or 

violence are at their worst? There is an extremely wide range of defensible answers to 

these questions, and indeed just about every sort of permutation can be found if one looks 

hard enough. There are some scholars like Max Libirion whose research around global 

plastics pollution is coterminous with her environmental activism (see Liboiron 2012). 

Others only make oblique connections between their political work and their scholarly 

contributions, as is the case with the prominent linguist and anti-authoritarian Noam 

Chomsky.  

Of course, how individual scholars choose to effect social change is a function of their 

discipline, seniority, their individual politics, and the particularities of their work. Do 

they hold a position as an endowed chair? Are they the director of a center or on the 

organizing committee of an influential conference? There are as about as many possible 

configurations of work as there are academic workers, and yet there are a few key 

imbalances that stretch across this heterogeneous field. Different political orientations, as 

I will demonstrate throughout this dissertation, have varying degrees of access to the 

means of their social reproduction. In other words, the academy at the beginning of the 

twenty-first century provides lots of avenues for a Republican geologist with a specialty 

in mineral extraction to broadcast a message about the safety of fracking, but provides 

significantly fewer tools for the socialist anthropologist to argue against the geologist. 

Whereas the geologist could get money from both government and private companies to 

tour the country, convincing land owners to sign over mineral extraction rights, testifying 

before congress and other governing bodies, and presenting at influential conferences, the 
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anthropologist may write a best-seller, might enjoy a book advance of a few thousand 

dollars and a shoe-string budget book tour to supplement departmental travel funds. 

Of course this is one (hypothetical, and maybe even hyperbolic) example, but it is my 

suspicion that few academics would dispute its plausibility. Studies into the 

neoliberalization of the university have shown that not only do private companies 

influence the daily operations of universities generally, and scientific investigation 

specifically, in subtle and complex ways (Kleinman 1998; Kleinman and Vallas 2001; 

Vallas and Kleinman 2007; Slaughter and Rhoades 2009), they also have shown how the 

logic of capitalism penetrates down to the level of epistemology (Bucciarelli 1996) and 

even publics’ understandings of scientific and engineering practices (Herkert and Banks 

2012; Ley, Jankowski, and Brewer 2012). In short, academics are finding it increasingly 

necessary, for better and worse, to align their work and their research towards the 

interests of capital first and foremost. 

Introducing a kind of “symmetry” where non-profit groups fund overtly anti-capitalist 

causes while companies continue to fund neoliberal initiatives seems like the answer to 

this trend, but that may be adding fuel to the fire. Engage in funding trench warfare where 

two sides produce competing bodies of knowledge has a low likelihood of succeeding 

because, as Foucault has argued, the power that flows out of claims to truth are not 

embedded solely in their ability to accurately depict the world. “Truth,” as Foucault so 

eloquently puts it, “isn’t outside of power” (1980, 131). Introducing more money into the 

present system is a losing proposition; it is both the structure and culture of knowledge 

production that must be changed.  

This culture of knowledge production and activist intervention in the making of goods 

and services is both a subject of this dissertation and the setting in which it is written. It 

would be an oversight to not mention the ways in which my own early experiences in 

science and technology have influenced this work. Going as far back as the second grade, 

science projects encouraged me (and my fellow classmates, presumably) to think of 

science as a competitive discipline. Science was one of my favorite subjects, but if I had 

to name a single emotion that I associated with these assignments it would have to be 
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dread. Not only were they the biggest assignments of the school year, they were always 

judged and ranked. All other subjects required competence, but science demanded that 

you were better than everyone else. I was never a very competitive person, but when 

forced into the situation I always hoped I would do well.  

In middle school I benefited from an advanced and focused program on science and 

engineering, wherein my classmates and I participated in competitions to build the 

strongest balsa wood bridges and the most powerful mouse trap-powered race cars. We 

were all encouraged to think in terms of competition: as friendly competitors within our 

science classrooms but also as winners of a long-standing and much larger academic 

competition against the rest of our peers. All the way through high school I was selected 

for and participated deeply in accelerated curriculums that encouraged a pernicious form 

of elitism wherein we thought of ourselves as both having already “won” entry into a 

“gifted” elite, but also always in danger of falling behind our peers.  

In the last decade my interests have obviously changed from the physical to the social 

sciences, but instead of succeeding in professional competition I have instead sought 

methods that foster collaboration. Far from a serene ivory tower within which one can 

ponder difficult and complex questions regardless of their immediate application, 

academia is one of many neoliberal institutions competing in markets, forming contracts 

with other institutions, and employing people to do work within hierarchies that, at times, 

demand individuals do work they otherwise would not do if left to their own accord. 

Scholars of the twenty-first century have had to take on more administrative duties, 

advisory rolls, and tenure requirements that make sustained and immersed research 

difficult to execute. Without explicit sanctions or restrictions on what gets researched, or 

the methods scholars employ, the “default” requires that scholars’ attention always be 

divided, their projects short, and their results immediately understandable to funding 

bodies. 

Universities themselves are feeling pressure to open their doors and share resources with 

civil society groups dedicated to filling the gaps of undone science that corporate-led 

research would rather leave undone (Hess 2009b; Hess 2010; Wylie et al. 2014; Ratto, 
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Wylie, and Jalbert 2014). The academy is at once more answerable to market logics than 

ever before, but also expected to organize in clusters, constellations, and centers to share 

the dwindling resources in ways that are more immediately useable than a dense book of 

theory or a proprietary data set parsed only by experts (American Academy of Arts and 

Sciences 2015). 

All of this comes amidst a steep decline in popular trust of institutions. Gallup polling, 

which has kept records of Americans' confidence in various institutions (everything from 

HMOs and "small business" to Congress and the police) for decades, reported in 2013 an 

overall drop in confidence level of almost every institution except the military, the police, 

the criminal justice system, and small businesses (Gallup News Incorporated 2013). 

These findings, when put against a backdrop of scrupulously researched and analyzed 

accounts of neoliberalism (Brenner and Theodore 2002; Harvey 2005; Hess 2009a; Klein 

2008; Mascarenhas 2012; Shannon, Nocella, and Asimakopoulos 2012), point toward a 

future of heavily policed private borders (both physical ones and fictive ones like 

intellectual property law) that provides little room (literally and figuratively) for 

communally managed goods and services.  

What I have described thus far is the historical moment, not the intellectual context, for 

this dissertation. This work is in conversation with three significant STS subfields: the 

“making and doing” turn largely characterized by the critical making framework for 

inquiry led by Matt Ratto (2011). Specifically, I am interested in the more overtly 

political aspects of making as contained in what Sara Wylie and others have called “civic 

technoscience” (Wylie et al. 2014). Second, because much of this work is based in 

coordinating transatlantic work, some of the sense-making tools may be effective at 

navigating the reoccurring challenges catalogued in Fisher (2006), de Laet and Mol 

(2000), and Kothari (2001). Finally, the sense-making tools grapple directly with the 

relationship between material agency and post-capitalist work arrangements. For this 

work I turn mainly to the work of Andrew Pickering for a materialist account of practice, 

Raymond Williams for hegemony, and John Holloway for an analysis of capitalism’s 

potential weaknesses. 
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RESEARCH QUESTIONS AND THEIR SENSE-MAKING TOOLS 
It is within the tension between a dwindling of readily available resources within the 

academy and the demand that those few resources be shared that this dissertation has 

taken form. It is not a call for the ivory tower to be rebuilt, nor is it a full-throated 

endorsement of the forces that have eroded it. Rather, it is a meditation on methodology 

for new and relatively inexperienced scholars as they attempt to complete their first big 

project. More specifically, I am studying projects that engage in praxis. The classical 

conception of praxis as the action done in public with others so as to effect some sort of 

change agreed upon in political debate (Arendt 1969), has been taken up by scholars of 

activism as a means of articulating their works’ relationship to the transformation of 

society. Paolo Freire elegantly defined it as simply “reflection and action upon the world 

in order to transform it” (2000, 51). Laura Portwood-Stacer (2013, 19) following Amster 

et al. (2009) defines praxis as “the way in which political, philosophical ideals are 

strategically put into activist practice to bring about material change.”  

Throughout the dissertation I will be referring to counter power or oppositional practice 

as the broad goal of praxis. Counter power refers to democratic systems that seek to 

provide the kinds of goods and services currently provided by corporate or state actors 

and, in so doing, weaken their popular support. Counter power is both a strategy and a 

theory of capitalism put forth by Pierre-Joseph Proudhon, a French political theorist and 

the first recorded person to self-identify as an “anarchist” (Proudhon 2011). To be clear, 

the model of change I am advocating is not for academics to necessarily go out and 

establish new restaurants, publishing houses, or energy companies on their own (although 

that too, would be welcome); rather the emphasis here is on articulating and promoting a 

set of ideals upon which new organizations can be founded. 

Oppositional practice, according to the cultural studies scholar Raymond Williams, is 

what someone does when they discover or learn about  “a different way to live and wants 

to change the society in its light” (2006, 138). Whereas counter power is used in this 

dissertation to describe more formal or institutionalized practices or procedures, I use 

oppositional practice to describe the more informal cultural practices that fit into 

everyday life.  
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As such, this dissertation is an exploration of the interface between reflecting on ideals 

and the action or physical transformation that occurs in the world. Rephrased as a 

question: What are the appropriate and necessary epistemological pre-requisites for 

scholars that will increase the likelihood that their praxis succeeds in transforming society 

away from capitalism towards something that does a better job of assuring social justice? 

This question is good to organize around but makes for a poor research question because 

its answer is near infinitely debatable. My research questions then, come down to the 

following: In what ways can a researcher participate in a deliberate cultural intervention 

through the utilization of technological systems? What makes these interventions 

successful and what makes them fail? How does a researcher “step back” from such a 

project and draw out lessons for future interventions? 

Ancillary to these central questions is the more pragmatic issue: What is the role of social 

science researchers who look to enact social change while studying the underlying social 

forces of that change? Should they be the initiators of praxis or seek out others’ work? 

Should they strive for a sort of objectivity or distant agnosticism when it comes to 

underlying political motivations, or should they state them openly and transparently 

advocate from that position? To this last question I say yes, and in so doing add this 

dissertation to the tradition of prescriptive partisanship that has long-existing in STS (for 

examples see Woodhouse et al. 2002).   

Crucial to this project is articulating my own partisanship. I advocate from a perspective 

that holds the following to be an accurate depiction of the world: 

1. Capitalism is antagonistic to full human flourishing and does a bad job of assuring 

that most people get their basic needs met most of the time. Any work that seeks 

to move past capitalist modes of production would be better served by thinking of 

capitalism as an emergent phenomenon that can be negotiated with through a 

dialectic of resistance and accommodation on the part of the individuals and 

groups of people acting in solidarity with one-another. 

2. Rather than make sociotechnical systems more efficient through the reduction of 

wastes and necessary inputs, social scientists should revisit basic principles and 
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instead seek out, build, and advocate for what I am calling “recursivity.” 

Recursivity is an epistemological platform upon which brand new systems can be 

built that run counter to capitalist logics. It prioritizes ecological complexity and 

feedback loops over rationalization and efficiency.  

3. The seemingly trivial term “online” (and its inverse, offline), once uncoupled 

from the assumption that it only applies to digital networks, offers an analytic 

framework for rethinking technosocial relationships. More specifically, an 

online/offline relationship is at once a negotiation of availability to a system that 

radically disrupts existing economic, social, political, and economic relations; and 

a determination of who and what are to be readily available to these networks. 

These are ultimately questions of autonomy for individuals and groups. 

This dissertation seeks a way forward for scholars by way of these three “sense-making 

tools.” The answers to those questions above will be passed through these sense-making 

tools as I analyze my own empirical work. By evaluating my own projects and sharing 

what worked and what did not, I aim to increase the likelihood of implementing 

successful projects in the future. I have prioritized understanding my case studies and 

subject position in terms of how to do better work in the future, not necessarily painting a 

perfect picture of how the world works or even should work. This approach is just one of 

the many things I have learned working closely with engineers that social scientists 

would do well to adopt in their own work: one can prioritize the invention of things and 

ideas that bring about what they want to see in the world and, if successful, analyze 

exactly how it worked later.  

These sense-making tools introduce several specific terms, and while I do discuss them in 

depth in chapters three, four, and five respectively, it is worth introducing them here. 

First I am adopting a Marxist definition of capitalism as a socio-economic system that 

relies on private ownership of the means of production and the commodification of daily 

needs such that they can be exchanged on a market. Following John Holloway (Holloway 

2011; Holloway, Benemérita Universidad Autónoma de Puebla, and Instituto de Ciencias 

Sociales y Humanidades 2010), however, this dissertation treats capitalism as a distinctly 

emergent phenomenon that must constantly be rebuilt through the maintenance of 
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hegemonic ideas and the physical acting out of exchanging commodities and selling 

labor. 

Studying the emergent properties of capitalism is, at its core, an exercise in understanding 

capitalism in real time. If we are making capitalism every day, as Holloway argues, then 

it is important to study how individual decisions continually remake capitalism, even 

when that is not the intention of the humans involved in a given project. Here, it is useful 

to draw from science studies literature, particularly Andrew Pickering’s dialectic of 

resistance and accommodation, which he calls “the mangle” (Pickering 1995; Pickering 

and Guzik 2008). From Pickering’s perspective, humans’ experimental relationships with 

their surroundings are a process “of delicate material positioning or tuning, … with the 

caveat that the character of the ‘signal’ is not known in advance in scientific research” 

(1995, 14).  

The same can be said of political work, especially if it aspires to fundamental change. 

Post-capitalism is defined in this dissertation as a new hegemony that eschews the profit 

motive at the heart of capitalism and in its place restructures society around the equitable 

generation and distribution of resources for everyday life. What that precisely looks like 

can vary widely. Srnicek and Williams (2015), for example, are very specific in their 

prescription for what post-capitalism should look like. They advocate for full automation 

of productive work, a universal basic income, and a general reduction of the work ethic. 

They see the ultimate and over-arching project of the left as a shift from organizing labor 

to obviating labor all-together and setting up collectively-managed systems to redistribute 

the spoils of the automated economy. As sense-making tool number two suggests, and 

chapter four argues, it may be more sustainable to generate value in a decentralized 

manner rather than relying completely on redistributing value through massive 

automated, bureaucratic systems. Unlike Srnicek and Williams however, I am not 

convinced that such a specific set of policy proposals is a useful prescription, precisely 

because of the emergent characteristics of capitalism described above. Put in Pickering’s 

words, we can develop methods of tuning without knowing precisely what the post-

capitalist signal will ultimately be. 
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Recursivity is one such method of tuning. It engenders a concern for reproduction rather 

than simple production. It recognizes that property is not only theft, but also a destructive 

force that is antithetical to the kind of closed circuits and self-referential loops that make 

for sustainable systems. Recursivity is thus a kind of metric for what Eglash (2014) calls 

generative justice. Generative justice, simply put, is keeping value close to its source of 

production and reducing the constituent factors that lead to alienation and increasing 

autonomy of individuals and small groups. Since the “value” that is circulated in 

generative justice can be both material as well as semiotic—it works whether we are 

sharing code or compost—we can simply say that the better a system is at utilizing its 

outputs as inputs, the higher its recursivity. 

The terms “online” and “offline” are early twentieth century neologisms for describing 

cities, mines, and other major economic actors’ relationship to railroad lines. By the 

second half of the century it was used to refer to real-time read and write access to a 

mainframe processor. In both of these use cases, and the more contemporary use of the 

phrase to denote being accessible on the web, there is a tendency to think of 

online/offline distinctions as a clean binary. I use the term in a way that is uncoupled 

from any particular technology and instead recast it as a communal social and economic 

relationship among disparate actors. Refusal or negotiation of terms of one’s online status 

is, I contend, ultimately another tuning exercise to retain agency. 

What follows now are the empirical case studies that I will use in this dissertation to “test 

drive” my sense-making tools.  

CASE STUDIES 
The empirical content of this dissertation comes from two projects that I was intimately 

involved in starting and maintaining between mid 2011 and mid 2016. The first is an 

open source condom vending machine that was to be wholly built, maintained, and run by 

residents of Kumasi, Ghana. The second is a decentralized free Wi-Fi network in North 

Central Troy, New York. 

Pilot studies at the Kumasi field site began in July 2011 as part of a National Science 

Foundation-funded research project on HIV awareness in Ghana. After the summer of 
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2011 the project solidified around the concept of installing a vending machine, and after 

the second trip to Kumasi the following summer, it was agreed that a Kumasi-made 

vending machine would be the intended final product. We would also make sure that all 

schematics and blueprints were kept as open source as possible. I set up a wiki that held 

all of the schematics that the RPI team had put together and I encouraged my Ghanaian 

partners to do the same. An NSF doctoral dissertation improvement grant (DDRIG) 

funded this final stage of the project, with a series of smaller grants (and parts of larger 

grants) awarded to Dr. Ron Eglash, sustaining the project in-between the two NSF grants. 

The ultimate goal of this project was to use the DDRIG funds as start-up capital for a 

small, financially self-sustaining business that would build and possibly stock the 

machines.  

The Wi-Fi project began in the Fall of 2012 when I participated in an Independent Study 

titled “Community Wireless Theory/Practice” with Dr. Branda Miller, Professor of Media 

Arts at RPI and Arts and Education Coordinator at the Sanctuary for Independent Media. 

During that semester I worked with Sanctuary volunteers to set up a “mesh” Wi-Fi 

network using the Open Technology Institute’s (OTI) Commotion Wireless software. A 

mesh Wi-Fi network relies on many people sharing their Internet connection by running 

an easy-to-use software on off-the-shelf antennas. The hope was that if enough people 

participated you could blanket an entire neighborhood in a digital commons that provided 

free internet access to anyone with a Wi-Fi enabled device. The motivating goal for the 

Sanctuary was to build a next-generation public access TV network where the video 

captured by sanctuary volunteers would be quickly and cheaply available to the nearby 

residents.  

I was attracted to both of these projects because they worked against some of the things I 

dislike about well-intentioned development work. Non-governmental organizations 

(NGOs) tend to make themselves indispensable to the people they are meant to help 

(Cooke and Kothari 2001). I decided early on that my work would only be successful if 

the projects I started eventually no longer needed my participation. I felt like I was 

building capacity for small groups, not embedding some sort of toehold for a 

multinational supply chain administered by an NGO. The Wi-Fi project never solidified 
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because I could not find a way to make the system self-sustaining with regular volunteer 

maintenance and care. The condom vending machine was quite different: a series of 

logistical problems with getting to Ghana in the first place accelerated the need for an 

organizational scheme that did not require my continual presence. Both, as I will discuss 

at length in the concluding chapter, required that I think deeply about what I brought –

both in my head and in my bags—to the field site. The sense-making tools described 

above are meant to help make sense of how that happened and why, even in the best of 

circumstances, capitalist modes of production and exchange can carry the day.  

METHODOLOGY 
Harding calls a methodology simply “a theory and analysis of how research does or 

should proceed” (1987, 3). My methodology is broadly defined by critical technical 

practice (CTP). Boehner and colleagues (2005) consider CTP a useful methodology that 

is particularly attuned to “enhancing people’s own awareness of context, affect, and other 

complex experiences that are being augmented.” They go on to say: 

In this approach [CTP], interpretation is not black-boxed inside a system but rather is a 

process of co-construction between users, systems, and designers. Participation may not 

always be equal among all three groups but awareness of who is participating is 

imperative. (Boehner et al. 2005, 1) 

CTP was first developed by Phillip Agre who, in his book Computation and Human 

Experience (1997), demands that engineers and scientists infuse their work with a critical 

reflexivity that interrogates basic metaphors and assumptions of the field. As someone in 

an interdisciplinary social science with very little formal technical training beyond my 

aforementioned grade school science and engineering classes, I have chosen to invert 

Agre’s project and instead inform an already critically reflexive field like Science and 

Technology Studies to reckon with the very basics of building something that –for lack of 

a better term—works.   

My interlocutors and I sought out opportunities to interpret the world so as to change it 

through the design of organizations and artifacts. CTP then, is my overarching rationale 

for why I chose the projects I chose and how the praxis of those involved in the projects 
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evolved over time. This was the result of constant negotiation between heterogeneous 

actors, their respective epistemologies, and the material affordances of the artifacts we 

made together. Part of this work is to regard the built artifacts as arguments in and of 

themselves. That is, artifacts’ existence or failure to materialize are a kind of argument 

that is transcribed in the following chapters. Rather than study others’ attempts at making 

(ethnography), I have opted to do the projects myself and use my own experience in 

enrolling allies, obtaining funding, and getting technology up and running as the source 

of my empirical data. To do this I turned to critical making as my preferred mode of data 

collection and analysis.  

The critical making framework “articulates a research program that explores the range of 

practices and perspectives connecting conceptual critique and material practice” (Ratto, 

Wylie, and Jalbert 2014, 86). Critical making is best understood as an umbrella term for a 

wide range of activities and modes of inquiry that combines traditional text-based 

contributions (e.g. journal articles, books, white papers) with “material interventionist 

methods,” including a “range of design, engineering, and artistic practices that apply and 

express their critiques through physical artifacts and material-technical practice” (Ratto, 

Wylie, and Jalbert 2014, 86). These methods are meant to refocus or sensitize engineers 

and designers to issues, populations, or problems that are overlooked in the majority of 

market-driven product development (Ratto, Wylie, and Jalbert 2014; Wylie et al. 2014; 

Ratto 2011).  

Design meetings with graduate and undergraduate engineers usually lasted about an hour 

and were called on an as-needed basis. The audio of meetings was recorded whenever 

feasible and transcribed for later review. A good portion of work was also conducted over 

email and Skype, especially when working internationally during field site visits and with 

Kumasi-based engineers.  Because the CTP methodology stresses co-production among 

all members of the organization I have often “let go” of certain parts of this work and let 

engineers (the vending machine) or artists (the Wi-Fi network) take the lead on how to 

proceed with the projects. For example, the first time RPI engineers were going to Ghana 

without me in December, 2012 the undergraduate engineering students took the lead in 

project management, which required that I let them use a slightly more quantitative 
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assessment process that I was not completely happy with and ran counter to the second 

sense-making tool I subsequently developed. 

How do the sense-making tools connect with the CTP methodology I have introduced 

above and will explain further in the next chapter? These tools help highlight parts of 

technical practice that, at the micro scale, may otherwise be seen as pragmatic decisions. 

And given that whether something works is just as much a question of social, ontological, 

and cultural phenomenon as it is a matter of technical assessment (Bucciarelli 1996), it is 

crucial that those decisions are subject to an analysis that is both concretely useful to 

future projects and more abstractly useful to the enterprise of theory building.  

I want, in the words of Bruno Latour (2004), to “bring the sword of criticism to criticism 

itself.” That is, to push back against the notion that problems are a matter of near-infinite 

interpretability and not the cut-and-dry dichotomies of working/broken that pervade 

engineering discourse. At different points, and in different ways, the condom machine 

and public Wi-Fi project seemed like lost causes due to a lack of expertise and access to 

resources, and I was in danger of breaking promises that had been made to people far less 

privileged than I. The last thing I wanted in those moments was to problematize anything, 

and yet I had to remember that my job as a researcher was to innovate in the area of 

sociotechnical organizations, not reproduce old ones. 

Ultimately, this work has taught me that any social science research requires constant and 

careful deliberation about what one brings to the field site, both metaphorically and 

literally. Sense-making tools, laser cutters, intellectual property regimes, and grant money 

all have the ability to bring a project forward but also restrain it by forcing a negotiation 

between post-capitalist ideals and hegemonic reality.  

THE SENSE-MAKING TOOLS IN ACTION 
Taken as a whole, the empirical work of this dissertation provides a proving ground for 

the sense-making tools. The empirical work gave rise to the sense-making tools insomuch 

as the challenges I faced in both projects tended to have a similar “character.” When I 

would have a problem understanding what was going wrong, in addition to working with 

my collaborators, I would turn back to STS and social theory, looking for analytic frames 
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to better understand what was going on around me. There was always a mountain of 

books ready to help me understand problems, but precious few works gave any sort of 

help with enacting meaningful changes.  

I will return to this observation in the conclusion but it is important to mention here in 

these introductory pages that one of the benefits of thinking of theory as a sense-making 

tool is that it sensitizes the researcher to all the ways researchers pick and choose what to 

bring to their field. Inevitably in the “what do we bring” conversation there comes a time 

where something very useful cannot be transported. If it is a physical thing it might be 

too big, too heavy, or too fragile to be moved in a reasonable timeframe or within a 

feasible budget. Then there are the intangibles that are also very difficult to bring because 

they are too contingent, tacit, or complicated. An inside joke, for example, is very 

difficult to “transport” outside of the social contexts of its origin. So too are the kinds of 

tacit ways of knowing that develop between humans and their tools. Similarly, 

organizations expend considerable resources transporting people with expertise to 

specific places because it is more feasible to move the physical person than transfer their 

knowledge. 

On my second trip to Ghana we had brought fully-assembled, off-the-shelf machines that 

we wanted to set up and test to see if a vending machine would work at all. The initial 

success followed by the utter failure of these machines all pointed toward bringing fewer 

things and making the machines in Kumasi. The following is from a blog I was writing in 

during my field work that captures some of what happened when we installed one of the 

off-the-shelf machines in a gas station outside of Kumasi (I mention this briefly in the 

last section of chapter 3): 

Edward and I installed our first vending machine today. The machine was 

placed at a gas station a few miles away from the hospital. Within minutes 

of installing the machine the employees had completely emptied it! We 

refilled it and just before leaving, it was already half-empty. This presents 

a new challenge: how to modify the machines to accept more condoms. 

This is a great problem to have- since it arms us with crucial market data 
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that will help us convince local metal workers and recently-graduated 

engineers that they can make a living building machines that dispense 

condoms. 

The gas station is on a remote highway that, is crucial for transport of 

goods and distant travelers, but is in a much more rural location than the 

hospital or the other locations we plan on visiting. If other places are 

busier than the gas station, an owner could conceivably refill the machine 

three to five times a day. We could raise the price, which may become 

necessary anyway (if we can’t find a supplier of high-quality and low cost 

condoms, the project becomes unviable), but we would rather provide 

more condoms than charge more money. 

Perhaps I’m getting ahead of myself. There are much 

more immediate hurdles to clear than raising capacity or increasing the 

price per condom. For example, we ran into a few problems drilling into 

the wall, so we may need to buy concrete drill bits and an assortment of 

screws and sinkers. These materials will help make installation of the 

existing machines quicker and easier. The Central Market will most likely 

provide us with both of these things. A much more difficult challenge 

involves sourcing rectangular condom packages and their necessary boxes. 

As long as we use the machines we brought over, we will need to find a 

supplier of tiny boxes and rectangular condoms… (D. Banks 2012) 

Indeed, I was “getting ahead of myself” in a few ways. Not only would I end up installing 

only two of the ten machines we brought (the other one going into Afriyie-Siaw’s own 

hospital wing), those machines had a sort of built-in flaw (beyond their resistance to 

alteration which I describe at the end of chapter 3). The machine utilized a small arm to 

push the condom out of the dispensing slot in the front. The arm needed a flat, semi-rigid 

surface to push against, meaning that condoms had to be packaged in a tiny cardboard 

box. The machines came with lots of boxes, but replacements were near impossible to 

find. The manufacturer I bought the machines from could not help with shipping to 
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Ghana, and local Kumasi suppliers were too expensive. Despite the initial commercial 

success of the machine, it was far from certain that this would translate into future 

success. 

It is appropriate here to stop and, given the benefit of several years’ hindsight and 

theoretical analysis, consider the ethics of the quote above. I claim that the popularity of 

this single machine in that moment should act as a representative anecdote (perhaps even 

data) that should be given to actual living Ghanaians as proof that they should go so far 

as to “make a living building machines that dispense condoms.” At some level this might 

simply be the hubris of a young scholar, but it is also something deeper that illustrates an 

aspect of not only emergent capitalism, but also the way technologies bring groups of 

people “online.” I will discuss each in that order. 

First, how is this an example of emergent capitalism, beyond the commodification of 

condoms? At once it is a moment where it feels as though we have arrived at a fairly 

stable equilibrium point where we have accommodated several important social 

phenomena (e.g. a need for privacy, convenience, and the spatial arrangement of disease 

vectors) and the resistances of hegemonic modes of production and consumption. So 

many things had just barely worked and this felt like a clear signal from both the field of 

material agency and socioeconomic phenomena that something was working really well. 

The idea of “working” leads me to the second intersecting concern at play: the sorts of 

dispositions and signals that engineers use to indicate that something is operating the way 

it should. Bucciarelli (1996) notes that the way engineers ask “how does it work” is 

synonymous in most respects with a more existential question: “what is it?” The 

connection between these two questions goes back to the Renaissance and concepts of 

underlying form and universal laws. Dimio and I (and although I did not ask her 

specifically, I suspect Afriyie-Siaw too) were conflating “a regular and consistent 

dispenser of condoms” with “a vending machine.” The latter was what we installed, the 

former is more ambiguous, but because we had conflated “how does it work?” with 

“what is it?” we felt that we had brought that gas station “online” with a steady stream of 

reasonably priced condoms sold in a discreet manner.  
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Bringing something online always requires a technical and a social system, and both are 

usually isometric with one another (Hughes 2012; D. A. Banks 2015). What we had 

missed, and what was going wrong with our device, was that the social and economic 

systems that would ensure a steady supply of condoms at a reasonable price and quality 

were not there. It was as if we had built a Commotion network without the benefit of The 

Sanctuary to achieve even modest, short-term success.  

The OSCVM then was an acknowledgement that the artifacts would only work if they 

“grew” at the same rate as the social and economic networks that would sustain them. 

That also included knowledge of not only engineering, but also of the specific nature of 

the project. I could delegate the latter from afar, but engineering knowledge needed to be 

embodied in a person in Ghana if we were to gauge the feasibility of making what would 

become the OSCVM. That was the basis for our distance collaboration. 

The transportable properties of knowledge were a reoccurring issue. For example, the 

first trip where I stayed home while undergraduates travelled to Ghana was in December 

of 2012. In the fall I worked with Ari Munic, a student dual majoring in mechanical 

engineering and our department’s social justice inflected design major called Design, 

Innovation, and Society, to make a prototype at RPI. Rebekah Brougher, a biomedical 

engineering student, would accompany Eglash and two other undergraduates working on 

a different project to investigate the viability of a locally-made machine using Munic’s 

design. The December team would evaluate that prototype, perhaps come up with others, 

and hand that over to Munic again, and Fatime Milandou, an electrical engineering 

student who would be working on the electronics components, who would go back to 

Ghana in the summer.  

This back and forth between Munic, Brougher, and then Munic again was an 

accommodation we needed to make within the confines of academic capitalism. There 

was no money for me to go, but Eglash had access to several pools of money that could 

finance undergraduate travel. I had to meet with these students on a regular basis, acting 

as a kind of project manager but also a teacher of STS. This was really the beginning of 

what I now call iCTP, where fairly straight-forward projects (e.g. make a metal box that 
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fits the following components) was also an opportunity to talk about how seemingly 

universal engineering concepts were in fact geographically and socioeconomically 

contingent.  

Two months before Munic was set to go to Ghana, I let Afriyie-Siaw know via email that 

I would not be there as well: 

It is indeed that time of year again. Two very competent engineers will be 

coming to Kumasi in July and will have custom vending machine 

prototypes. These machines will serve as models to show to manufactures 

in the region who might be able to build the machines locally. Ron and I 

really tried to find funding for me to go this year but we were unable to. I 

will be emailing back and forth from the states but Fatime and Ari --the 

two engineers-- have my full confidence. 

Since we're building the machines now, we need to be absolutely sure of a 

condom price that would be economically sufficient. In your professional 

opinion Helena what price do you think works for an single condom of 

average quality? 

Last time we went with 25 peswas and that seemed perhaps a little too 

cheap. What has your experience been with the machine you have at the 

hospital? Do you think we should bump up the price to 50 peswas? I look 

forward to your reply. 

A few weeks later I sent an email to Munic to make sure he knew why (and how 

important it was that) he needed to complete social science ethics training: 

Since I will (sadly) not be with you in Ghana this summer you will 

probably have to do some interviewing and investigating on my and Ron's 

behalf. Since GK-12 is federally funded you'll need to go through some 

ethics training. 
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The program is completely online and, while not the most enriching 

pedagogic experience, it is important and useful in a lot of respects. The 

whole thing should take you about 3 hours at the most. 

I mention both of these emails because they capture what sorts of concerns that 

immediately emerge when “what you bring” does not include yourself. How do you make 

sure that intangible things like ethics and priorities get transferred without you there? 

Much of this was embedded in the project goals themselves; if Munic succeeded in 

building a machine out of local parts and recorded the whole process, there was a good 

chance he would be working within the values of recursivity and even mangling the 

social and technical realities that come with emergent capitalism. Such is the benefit of 

linking up means and ends: if the two are co-constitutive, the very basis for success 

makes it possible to delegate work without convincing the person doing the work that 

your organizational scheme is just. If the project succeeds, you even have the added 

bonus of the engineer experiencing “propaganda by the deed” as Uri Gordon (2007) 

would call it. 

The sorts of tools and supplies we would bring changed as well. Ron described the 

evolution of our approach this way in a May 2013 planning meeting with Edward and I 

where we decided how we would hand off the work to Munic: 

Conceptually the first stage was, we didn’t have any condom machines 

because we didn’t know we needed them. We were just going to tell them 

the location of where to buy condoms. Then it became condom machines 

so we bought those little pre-made units. Now we’re sort of bringing our 

own but I guess we’re not going to try to make them all here. What we’re 

really doing is making kits: given the coin mechanism, a gear, and maybe 

a bearing brace you can assemble using objects you find around Ghana, 

one of these condom machines. 

Munic’s task would be to pick up the work that he had started and subsequently passed 

off to Rebekah for testing in December. Rebekah found that the coil required more 

precision manufacturing than any other models we were considering. She showed 



 
 
 

20 

computer models of the coil design to Afriyie-Siaw’s husband Kwame (a Canadian-

trained materials engineer) and KNUST engineer Dr. Lawrence Darkwah, neither of 

whom, according to her final report, “expressed particular interest in this approach.” That 

was only one of three designs Rebekah and her fellow undergrads prototyped that 

December.  

Another design relied on two shafts of condoms that were dispensed via a paddle that 

would laterally push the bottom condom out via mechanical force from a lever. This 

design required the paddle, the opening at the bottom of the shaft, and the platform the 

bottom condom sat on fit perfectly together. This proved to be a challenge when the only 

thing available to bend sheet metal was the side of a table.  

The design that proved easiest to make and had the lowest error rate was inspired by the 

rollers that push paper out of a printer or cash out of an atm. The design was fairly 

simple: A user would place a coin in a coin slot and turn a knob, similar to a coin-

operated gumball machine. The rotational force of turning the knob in the coin 

mechanism was translated to an axel that would turn 90 degrees with every coin. The axle 

sat just below four vertical inventory shafts that had a tiny opening on the front just tall 

enough for a single condom to come through. Four pins corresponding to four parallel 

shafts of condoms would brush the bottom of the shaft and push out the bottom condom. 

The condom would then slide down a small ramp down to a shelf where the customer 

could retrieve it from an opening the front of the case. The 90-degree turn of the axel and 

the four shafts meant that we could expand capacity without making the machine 

unwieldy.  In subsequent iterations of this design, the pins would be replaced with a cam 

that looks like the cross section of a snail shell, and the shafts would be reduced to two 

(which also meant the axel turned 180 degrees instead of 90). 

Before the trip, when Munic was working in the shop at RPI to see if his Computer Aided 

Design (CAD) drawings could be turned into a physical object, he would regularly confer 

with the student machine shop’s manager John Szczesniak about the viability of his 

prototype. Szczesniak would give lots of advice about material strengths and whether to 
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bend a single piece or weld two pieces together but would ultimately acknowledge, “Well 

you’ve been living with this thing longer than I have.”  

Munic was the next undergrad to go to Ghana for the annual July trip. He was tasked with 

making a brand new, fully functioning machine in Kumasi using the data from Rebekah’s 

work. He met with Afriyie-Siaw and worked with KNUST undergrads to make the 

machine in the campus’ machine shop. Producing a working machine was, unfortunately, 

not possible that summer. Munic got sick several times, and some of the preparatory 

work had fundamental flaws that cost precious time in the field.  

One such flaw was the result of poor execution of an excellent idea. Munic thought to 

print out a 1:1 scale schematic of the machine’s outer casing and then paste that 

schematic onto sheet metal so that cutting and drilling the case would be as simple as 

following the lines. He printed the schematics at RPI but only noticed that he had scaled 

them wrong once he was at KNUST, leading to slightly off measurements all around. In 

an interview after returning from Ghana, Munic described how such a small mistake cost 

days of work: 

[The schematics were printed wrong] so that was a couple of days down 

the toilet, and then I went back and fixed it and I broke [the partially-made 

machine] again and I think it was mostly because when I was [at RPI] I 

was using a bending table which really helped me as opposed to [KNUST] 

where I was bending it by clamping it to a table and then hammering it 

down. I don’t know why that would cause any difference but what I found 

was that it was the right dimensions but for some reason as the condoms 

were coming down they were rubbing against the front edge of the chute 

and so it would fold the lip of the condom upwards ... and it would catch 

in the gap and it wouldn't come out. … I spent a couple of days going back 

and forth with difference chute designs and finally got a design to work 

which took a lot longer than I thought …  
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Another big issue was the hours. I'm not very productive in the early 

morning. So the first hour or so I had a hard time doing anything and then 

we leave at 1:00pm. so it isn't very conducive to getting a lot done. 

[I also had to] spend a lot of time figuring out how to get the coin 

mechanism to fit into something that would be useable. The hardest part of 

the coin mechanism is that you need very precise geometry to get it to sit 

right and so I spend a good two and a half to three days just cutting out the 

section of metal. and its two pieces of sheet metal I welded together so it 

would be thick enough and then slowly ground down the edges until it fit. 

So when I finished you can just mount the piece of wood to the ... and then 

bolt it in and slap on a case cover and put a lock on it. 

The challenges Munic faced were not insurmountable, but emergent capital need only 

discourage, not totally block. Certainly other students had gotten much more done having 

been faced with seemingly more difficult goals, but in some ways Munic’s biggest 

problem was hewing too closely to precisely what engineers are taught. Munic was 

caught up in the underlying form of the machine, and had a hard time translating the form 

into an actual artifact. This was most evident when Eglash noticed that the machine case 

depicted in Munic’s CAD files had perfect 90 degree angles, something that was very 

easy to do in a computer but physically impossible when bending metal. The precision 

tools at RPI can get you close enough that you can make a working prototype, but 

KNUST had no such precision instruments.  

I did not witness Munic’s work first hand, but something similar had happened to Edward 

when I was with him in the machine shop that past summer. I wrote in my blog: 

Ed and I went to the KNUST machine shop today. As a layperson, the 

machine shop was overwhelming to me. The hulking machines look 

prepared to –literally– move and shape the world around it. The shop has 

wide doors on either side that are kept open during working hours. The 

machines look as though they have several coats of paint on them, each 

one a different shade of green. It lends the shop a feeling of timelessness 
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and exudes a certain kind of tacit fixedness. We were lucky enough to run 

into helpful KNUST students who helped us use the drill press. Ed is not a 

stranger to these sorts of spaces, but there were some things that we 

simply did not recognize. For example, the drill press looks as though it 

requires a drill chuck key to release the bit. We were looking for 

something that looked like Figure 1: 

 

Figure 1 

After looking for ten minutes we went and asked one of the other 

engineers where we could find the drill chuck keys. What we were shown 

was something very different (Figure 2): 

 

Figure 2 
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In order to use the chuck key in Figure 2 the user seats the drill bit into the bit release as 

much as he or she can by hand and then sticks the piece of metal on the left into the teeth 

of the release, using the piece on the right as a hammer. We might have just as easily 

assumed the drill press was not “working” and given up, but here again we must wrestle 

with what “working” looks like across different object-worlds. I will return to this 

concept in the conclusion as a problem of knowledge portability resulting from very 

different supply chains and work environments. 

Munic eventually moved on to other projects and Joseph Baker, a student in aerospace 

engineering, took up the project in the Fall of 2013. The first thing Baker did was take 

Munic’s original CAD drawings and modify the cam that pushes the condom out of the 

stack. The underlying form or geometry of the cam is the result of a parametric equation 

that makes a logarithmic spiral. Knowing how to make that spiral mathematically is fairly 

difficult and requires at least some familiarity with calculus. Making the cam, on the 

other hand was, in Baker’s words, “ridiculously easy” with a band saw.  

Baker built the first totally working prototype, but he opted to use a lot of high precision 

instruments to make the machine. In an early blog post he explains his rationale:  

I've elected to produce the initial prototype using advanced methods such 

as waterjet cutters, vertical mills, and machine lathes. I understand that 

many of these tools are not readily available to our team in Ghana, but I've 

ensured that all parts could as easily be cut by hand with a file and a 

jigsaw, or similar more readily-accessible techniques.  

Repair of the system with replacement parts manufactured onsite should 

be easy enough, and particularly, many parts cut on the waterjet (the one 

unit without any real equivalent in Ghana) are structural members which 

are unlikely to be damaged or wear out -- the most probably issues will 

revolve around the crankshaft assembly, which can be more easily 

replicated with a machine lathe and hand tools. (Baker 2013) 
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Over winter break Baker assembled the machine using his precision-cut metal, 3D 

printed gears, and off-the-shelf hardware. The machine was fully constructed but once 

complete it was obvious that Munic’s CAD files included one more error: the dimensions 

for the condom shafts were about a quarter inch too small on all sides for the average 

condom package size. This forced Baker to rebuild the chutes with cheap plywood and 

Plexiglas, which were not only cheaper but also used 25 fewer pieces of hardware to put 

it all together. By the middle of February Baker had built a fully functioning prototype 

that held nearly 200 condoms and vended with a near 100% success rate. 

This implicit deference to tacit knowledge is described by Bucciareli (1996) as 

“necessary” for anyone who wants to “understand how participants in design add flesh to 

the bones of an idea and how ideas are embodied in particular hardware or systems” 

(1996, 76). Such knowledge is “critical to the quality of the design” and “part and parcel 

of the know-how that enables them to bridge the gap between the formal, abstract 

knowledge of underlying form and the practical concreteness of the immediate object” 

(1996, 76–77). 

The sort of tacit knowledge that was so powerful in the RPI machine shop that it made a 

manager defer to an undergraduate engineer was the same way of knowing that made it 

impossible for Dimio and I to notice a drill chuck when we saw one. This is because, 

according to Bucciareli, personal or tacit knowledge is distributed to standards and 

physical objects. He describes the attempted conversion from standard or English 

measurements to metric as proof of this distributed property:  

…to think in metric is more than a numerical conversion. It is a form of 

personal knowledge, including a feel for an inch, or foot, or pound that is 

not there when we speak or write “meter” or “kilogram.” Of course, we 

can stop and figure it out, look it up in the tables, or punch it out on a 

calculator, but the bit of time (seconds) it takes to make this simple 

numerical conversion is like a gap across a canyon separating two 

different worlds. We do not know metric the way we know English. It is 

not part of our culture, our object-world heritage. 
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Object-world thinking is not so much a narrowing of perspective or a “putting on 

blinders” kind of move, but rather a sort of perspective that is very good at tackling 

complex problems but not readily portable to different contexts. Designers and engineers 

must choose the facets and features of the myriad inputs to a system so that they can do 

the work they are tasked with doing. If one is assigned a project dealing with solar panels, 

as Bucciarelli observes, “The sun, on a cloudless day, becomes a single smooth hump on 

a plot of solar insolation over the course of the day” (1996, 63). What gets stripped out is 

sociologically important, given that what is important to engineers may not be what is 

important to users or anyone else that interacts with a designed object. And, like all 

human endeavors, what is deemed pertinent and what is ignored are contingent on power 

and standpoint. 

I would extend Bucciareli’s observation about “object-world heritage” to organizational 

design as well. That moving out of the kinds of hierarchical organizations that dominate 

engineering and the non-profit world and into more bottom-up organizations is more than 

a simple shift in the way work is delegated. The kinds of organizational logics that are 

prioritized in the recursivity sense-making tool are fewer and further between in an RPI 

student’s likely employer. 

The likelihood of an engineering student that graduated from a technical research institute 

like RPI gaining employment by large firms is strengthened by both institutional 

relationships and the structure of higher education financing in the age of academic 

capitalism (Slaughter and Rhoades 2009). RPI’s Center for Career and Professional 

development counts The Boeing Company, General Dynamics, General Electric, 

Microsoft, IBM, and Lockheed Martin among their top employers (Rensselaer Center for 

Career & Professional Development 2016) and RPI has maintained that relationship for a 

long time by being recruiters at annual job fairs, maintaining an active alumni network 

within these firms, and even sharing executives on Boards of Directors and Trustees.  

More importantly though, and what makes the dynamic at RPI more generalizable to 

North American higher education at large, is the structure of student recruitment and the 

financing of their education. Increasingly, funding for higher education has shifted from 
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direct support for universities to grants and loans directed at students themselves. This 

has had the effect of universities moving to a “high tuition, high aid policies” (Slaughter 

and Rhoades 2009, 283), which has made debt a means of shaping the workforce. A bill 

introduced to the Congressional House of Representatives’ Ways and Means committee 

proposes offering tax breaks to large employers that offer student loan repayment as part 

of their employee benefits (Macklin 2016).  This bill was introduced by Republican 

Illinois representative Rodney Davis whose biggest campaign contributors outside of 

agriculture and leadership PACs are the Insurance and Securities and Investment 

industries (OpenSecrets.org 2016). 

Restructuring student loan financing is certainly well beyond the scope of this research 

project, but it is nonetheless an essential component in assessing the ability of such a 

project to influence its participants. All of the students that participated in this project 

who graduated have joined large firms in finance, aerospace, chemicals manufacturing 

and medical devices.  

Exit interviews were difficult to arrange close to graduation, but I was able to conduct 

one with Milandou during her last semester when she was taking 21 credits-worth of 

classes (our work only accounted for 4 of them) so she could finish on time. I asked her 

who her dream employer would be and she said “myself,” but seemed convinced she had 

to “get herself situated first” and work for someone else before owning her own 

company. When I asked her what companies she liked and was thinking of working for, it 

started an interested discussion of egalitarianism in the workplace and how an interest in 

engineering can be mobilized for social good: 

Me: what companies do you like?  

Milandou: GE, I’ve had an internship there. I liked their culture.  

Me: what’s that culture like? 

Milandou: it was um, it doesn’t matter if you’re the head of the department 

or not everyone is there to help each other.  
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… 

Me: If pay was the same would you want to work for a non-profit kind of 

thing? Like if an organization did what we did? Would you want to do 

sales with Ghanaian business people?  

Milandou: That is something I would really want to do. Because I’ve been 

thinking about doing technical sales in my country [The Democratic 

Republic of the Congo]. So after working for a little while going back and 

doing it in my country.  

Me: Do you see that as helping the country develop? 

Milandou: Yes  

When I asked her what kind of work she wanted to do in these firms she described a role 

that she was not sure existed where she would show corporate customers “how [a 

product] works where it came from. But it’s not teaching them how to do stuff… [Instead 

I would focus on] How it’s been formed, what went into [making] it.”  

I later showed her a job opening at OTI that required someone with a technical 

background to “present and demonstrate technologies and technology-related topics to 

both technical and non-technical audiences.” She looked interested in the job and wrote 

down the URL but if she applied for the job she did not get it. 

While this is one student, her perspective on possible future employers and life-courses 

conforms to the bigger picture I described above: one where larger firms are the only 

ones capable of not only getting engineers “situated” in the discipline, but also of paying 

off loans and hiring quickly and decisively. Working to advance a cause, even if that 

cause is self-actualization, is something that has to be put off. Something that can only 

come after obtaining a job in and then succeeding in a large organization.  

It is worth asking what kinds of ways of thinking engineers are chained to if they see 

employment in large firms as both financially necessary and part of learning to be an 

engineer. The consistency and ease with which engineers fit into large, hierarchical 
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bureaucracies, according to Nieusma and Blue, “suggests a reciprocal relationship 

between the training of engineers (or, in Foucault’s terms, the disciplining of bodies and 

minds) and command-and-control problem solving” (2012, 58). That is, experts’ 

disciplinary knowledge is subject to Gramscian and Foucauldian theories of hegemony. 

The machines that emerge out of the mangling of the material world and expert inquiry 

stand alongside discursive frameworks, epistemologies and “common sense” notions of 

feasibility. Graber argues that the primacy of bureaucracy carries with it several unique 

ideas that are anathema to recursivity:  

The whole idea that one can make a strict division between means and 

ends, between facts and values, is a product of the bureaucratic mind-set, 

because bureaucracy is the first and only social institution that treats the 

means of doing things as entirely separate from what it is that’s being 

done. (2015, 165) 

The design of the OSCVM is a testament to how much has to change to make a shift in 

an object-world that includes rational, modern bureaucracies. OSCVMs are meant to be 

cheap to build and to make money for their owners, but they are not efficient; they are 

recursive. A nonprofit agency dedicated to the construction, maintenance, and stocking of 

vending machines would be easier to pitch to funding agencies, have a more readily 

understandable business model, and the path to success would be rocky but far less 

foggy. It would also be a much more realistic-looking career path for an engineer hoping 

to do good in the world while relieving themselves of the debt they have incurred.  

Instead, OSCVMs are meant to scale with the production capacity of the region: there 

will be as many OSCVMs as there are people with the skills and resources to make them 

and benefit from the value they create. The prototype is built such that it can accept a 

fairly wide range of shapes and sizes of condoms, meaning that sporadic and changing 

supply chains are less of a problem. They are, by design, meant to keep as much value as 

possible in the communities that use them.  

American students may have few options for turning the OSCVM into their first job, but 

we are hopeful that future Ghanian students will. Higher education in Ghana is tuition-
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free, but universities have taken to tacking on fees that can make college unaffordable for 

students from poorer families (Atuahene and Owusu-Ansah 2013; Atuahene 2015). 

KNUST specifically, charges approximately GH¢1,008.74 per year in fees, which is a 

little less than a month’s salary for a young health services manager (Ghana Trade Union 

Congress 2016).  

More than the cost of going into business, the OSCVM project also assumes trust and 

cooperation are more prevalent than deception and competition. The open sourcing of 

design schematics and the stated policy that anyone who uses the OSCVM wiki also 

contribute to it with any modifications or alterations that they come up with is meant to 

reflect that basic assumption. The innovation that went into the OSCVM project was not 

primarily about how cheaply they could be made or a breakthrough in a new design; 

rather, our effort was focused on who could make the machine and how value would be 

distributed among those making, installing, and maintaining them. The technical design 

process was always in the service of assembling–chaining together—humans and 

material such that value circulates in Ghana as much as possible.  

CHAPTER OUTLINE 
To summarize the overall project briefly: The present historical moment is plagued by a 

dearth of trust in institutions, the academy and scientific expertise among them. Social 

scientists that want to engage in praxis towards social justice ends are caught in the 

double bind of studying increasingly intractable problems with a dwindling set of 

resources and credibility. One way forward is to work with community leaders and 

experts to develop projects that make deliberate interventions in problems faced by 

communities.  

In the proceeding chapter I put all the pieces on the board by introducing my methods and 

describing the empirical data derived from the case study material. It begins with a 

discussion of the family of making and doing frameworks that exist in STS and how they 

relate to the inverted critical technical practice (iCTP) that was employed in this 

dissertation. Following that is a broad outline of what each project entailed from 

conception to current status.   
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Chapter 3 is the first of three chapters centered around the sense-making tools I have 

developed. In these chapters I combine the empirical work with historical insights that 

give context and form to what happened in Kumasi and North Central Troy. Chapter 3 

describes capitalism as an emergent phenomenon. Emergent capitalism (as I call it) is an 

acknowledgement that working against capitalism does not necessarily mean you will not 

recreate it in the process. Capitalism re-asserts itself at the moment of intervention and it 

is incumbent upon the activist to resist whenever possible but also strategically 

accommodate when necessary. These re-assertions can take the form of barriers and 

disincentives to anti-capitalist work and incentives for maintaining capitalist modes of 

production. It is these “in the moment” sort of events that, I contend, are the reason why, 

in John Hollway's words, we never wake up and "stop making capitalism." I come at this 

theory by expanding on Andrew Pickering's concept of the mangle, which asks that both 

practitioners and STS scholars think of scientific knowledge and engineered artifacts as 

in a constant state of becoming. 

If chapter 3 is meant to realign one’s thinking from opposing structures to strategically 

operating within an emergent process, then chapter 4 is meant as a measuring stick to 

track one’s progress as they work on their post-capitalist project. That measuring stick is 

called recursivity, and it is meant as a corrective to overly rationalized and efficient 

approaches to any political project, but I describe the deleterious effects of efficiency on 

counter-hegemonic praxis in particular. Efficiency can take many forms but the kind that 

is typically employed during the design and construction of technologies is especially 

hostile towards anti-authoritarian prospects. The disciplines of engineering, public policy, 

and economics have cultivated a sense that efficiency is not only a widely useful concept, 

but a natural force akin to Marx's observation that exchange value is perceived as an 

innate quality of consumable goods. 

The final sense-making took is introduced in chapter 5. Whereas emergent capitalism and 

recursivity are aimed at understanding and tuning the internal organization of a project, 

online/offline is outward-looking, and seeks to generalize our common understanding of 

online and offline statuses to connote the social, political, and economic relationships that 

are managed and maintained through sociotechnical systems. Through this way of 
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knowing one can come to understand how mangling emergent capitalism and working 

towards recursivity interfaces with and alters the existing networks of resource allocation 

and distribution. 

The conclusion is organized around a discussion of “what we bring” to projects of 

varying political significance and technological complexity. The “we” in this discussion 

is largely aimed at the academic caught in the double bind that I described above, but 

most people doing activist work of one form or another will find some resonance with the 

conclusion. I put all three sense-making tools into play as I describe some of the key 

changes in my projects. This “test drive” of the sense-making tools shows that what we 

bring to our projects is not always knowable in the moment but is an important factor in 

successful projects. 
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CHAPTER 2: METHODS OF MAKING 
Both projects, while comprised of different goals, constituent technologies, geographic 

contexts, and budgets, were approached using the same inverted critical technical practice 

(iCTP) methodology. Whereas CTP implores scientists and engineers to incorporate 

critical theory into the basic foundations of their work, I have inverted this relationship 

such that I aim to produce critical theory that is deeply informed by technical practice. 

When Philip Agre first introduced CTP he was working out of and speaking to the 

artificial intelligence and computer science fields. As a social scientist without significant 

training in AI or CS, I have instead chosen to adopt this approach as an analysis of my 

own critical making. This chapter will begin with a discussion of the methods used in this 

dissertation, followed by a more conceptual discussion of the methodology used to arrive 

at my chosen methods. I will then go on to describe my field sites and end with a brief 

overview of the shortcomings of this kind of work and possibilities for further research. 

METHODS 
Project and participant selection was largely a function of pre-existing institutional 

constraints and opportunities that I would bend toward social justice ends. Field sites 

were dependent on RPI’s institutional affiliations which, in the Ghana context, provided 

housing, transportation, and even the beginnings of a network of interlocutors. In my 

work in North Central Troy, the timing of the first Wi-Fi antenna installation and even 

the choice of software and hardware are best described as the result of professional ties 

that were forged in the institute. In sociological terms, both field sites were selected based 

on opportunity sampling of the sorts of projects available to a researcher in my junior 

position. 

Kristin Luker might call this “salsa dancing through the social sciences” that is, an 

approach that is “holistic and attentive to context, conceptually innovative, 

methodologically agnostic research that sees itself as socially embedded, is strongly 

committed to building theory in a cumulative way, and is deeply attentive to question of 

power” (P. 3). This is in addition to the focus on materiality and the making of things that 

comes with critical making, which I describe in the next section.  
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Despite the fairly complex epistemic concerns about intent and the relationships between 

critical, qualitative social science work and technical know-how, my data collection 

methods were fairly straightforward: I took copious notes during design meetings, 

recorded the audio for many of them, sometimes capturing work on video if I knew we 

were going to do some actual building or fabricating (rather than talk about what would 

get done later), and took photos at important milestones, like the day before sending 

engineering students to Ghana or when a Wi-Fi antenna was mounted on a building. I 

conducted exit interviews with engineering students whenever possible, but there were 

some that slipped away in the hectic final weeks of the semester.  

All participants in both projects were over the age of 18 and given the opportunity to 

review any quotes or references to their work in this dissertation. All names in the 

dissertation are real, though participants were given the option of contributing 

pseudonymously.  

Throughout the course of the projects I worked directly with eleven undergraduate 

engineers attending RPI between 2012 and 2016. Their roles varied considerably, which 

meant that a single interview instrument was not feasible. Instead, undergraduate and 

graduate engineers working on the condom vending machine were required to keep 

detailed project notes and a research journal where they keep track of their work. RPI 

undergraduates would always travel abroad in groups, either with students that had 

studied in Ghana before, with a faculty member, or both. They also learned, through 

conversations with Ghanaian professionals and guided research into STS literature prior 

to departing, about some of the changes to work environments and cultural expectations 

that they would be walking into. Due to the significant changes in project funding, and 

thus staffing and travel arrangements, methods changed considerably over time.  

Towards the end of my research on the condom vending machine, the Ebola outbreak 

forced me to conduct most of my research over Skype calls and email. This was 

interesting in and of itself, as it offered an opportunity to assess the various ways 

collaboration can take place. Jorge Appiah, the social entrepreneurship professor I 
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worked with at the end to set up a condom vending machine manufacturing facility, and I 

never met in person. I will revisit this dynamic later in the chapter. 

Once I stopped traveling to Ghana with undergraduates I asked that they take basic CITI 

social science ethics training. After a trip to Ghana there was typically a debriefing 

meeting and/or interview session with undergraduates. Interviews with undergrads began 

with a prompt to summarize their experience, which would then be followed up by 

questions informed by their summary. No single set of questions was used for any of 

these undergraduate interviews. 

All collaborators after the last Ghana visit in the summer of 2014 were also asked to 

contribute and work with a wiki located at http://www.OSCVM.org to store all of the 

instructions, plans, and blueprints for the Open Source Condom Vending Machine 

(OSCVM). At time of writing, the wiki only has instructions and blueprint schematics for 

the prototype built at RPI dubbed the OSCVM RPI Mark I. The goal was to have the wiki 

expand with the project, so that “modulations” of the original prototype would be 

recorded and available for anyone that wanted to build their own machine. In this way, 

the wiki was supposed to take on “recursive” qualities as described by Chris Kelty (2008) 

and Eglash and Banks (2014). This did not happen, and for interesting reasons that I will 

get into later. 

For the work in North Central Troy, I visited once a week for the first year and 

volunteered at the Sanctuary working with fellow volunteers to try to understand the 

software we wanted to use. I would take notes while I worked and wrote up a quick 

summary after each visit. I also signed up and started participating in the development of 

email forums for Commotion Wireless, asking people in other communities how they had 

organized community design workshops and how they got over technical hurdles.  

What I chose not to do is just as important as what I did do. I had completed an IRB 

review for community design meetings for the Commotion Wireless project, and even 

submitted an abstract to a conference in anticipation of reporting its results, but those 

design meetings never happened. (I consequently presented on the “workshop-shaped 

hole” in my research.) They did not happen because, as I will describe in the proceeding 
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section, it was not sufficiently clear that I or anyone else working on the project would be 

able to follow through on anything decided at such a meeting. Moreover, it did not seem 

clear to me that everyone I was working with was comfortable with involving the 

surrounding community in the design process as deeply as I wanted. This decision was in 

response to some of the excellent work found in volumes like Participation: The New 

Tyranny? (Cooke and Kothari 2001) whose authors make it clear that failed follow 

through is detrimental to both the communities that are let down and the discipline that 

gains a reputation for wasting others’ time.  

CONCEPTUAL LITERATURE ON METHODOLOGY 
Lingering throughout the design process of both of these projects was a commitment to 

the appropriate technology movement of the 1960s and 1970s. Appropriate technologists, 

“argued that context suitability should be central to identifying technologies relevant to 

poor people of the Third World and other marginalized social groups” (Nieusma 2004, 

13). Appropriate technology has not survived the intervening years intact and instead 

lives on in a constellation of alternative design methods including universal design, 

socially responsive design, and feminist design among others. Nieusma (2004) uses the 

term “appropriate design” to highlight the commonalities across these disparate practices. 

He identifies the following four ingredients as essential for appropriate design: 1) 

“accounting for diversity and disagreement,” 2) “able to cope with and accept 

uncertainty,” 3) “recognizing the importance of governing mentalities” (Campbell 2000), 

and 4) “theorizing agency-structure tensions” (Nieusma 2004, 23–24).  

Governing mentalities are widely shared values and norms about how the world works 

(Nieusma 2004; Campbell 2000). For example, one fairly common concern among all of 

our student engineers was theft of coins out of the machine. Indeed, assuming the 

likelihood of theft and accounting for it with expensive locks or complicated coin 

mechanisms made it difficult to hew closer to those aspects of appropriate technology 

(and not necessarily design) that say to use only the simplest materials and tools until 

experience demands you do otherwise. Trying to find a balance between the world we 

wanted to make with these machines and the world we were stuck in was the impetuous 

for studying Agre’s methodology.  



 
 
 

37 

Phil Agre’s book Computation and Human Experience shifts between philosophy and 

artificial intelligence with a kind of ease that is as rare as it is transformational. Agre is 

introducing a method, but as I have already discussed in the introduction to this 

dissertation, it also serves well as a methodology. The methodology he develops in his 

book aims to “ease critical dialogue between technology and the humanities and social 

sciences” (Agre 1997, 4) by incorporating critical theory into the very basic practices of 

computer science. Centrally, Agre problematizes the metaphors in computer science and 

challenges fellow scientists to be critical of “the role of metaphor in technical practice. 

“Any practice that loses track of the figurative nature of its language” he argues “loses 

consciousness itself” (Agre 1997, 302). Paying attention to language may seem like a call 

for petty semantic arguments but Agre treats language and vocabulary as the bedrock of a 

discipline, not a superficial accoutrement. 

He does this at three levels: reflexive, substantive, and technical. At the reflexive level, 

Agre posits “that predictable forms of trouble will beset any technical community that 

supposes its language to be precise and formally well defined” (1997, 27). How 

specialists talk about the problems they try to solve and the way actually existing 

problems are translated into the working language of professionals can and does have 

effects on which problems get solved and which ones remain perpetually unsolvable. 

At the substantive level, very basic metaphors can occlude research trajectories. For 

example, Agre observes that for most of its life, AI has “organized around a particular 

metaphor system according to which the mind is a space with an inside, an outside, a 

boundary, and contents” (1997, 27–28). Theories of cognition that treat the mind as a 

distributed or embodied entity can lead (and since the publication of Computation and 

Human Experience, have led) to vastly different results that bear strange but discipline-

changing fruit. 

At the technical level Agre asks readers to pay close attention to the technical models that 

are deployed in specific cases and how they are perceived as practical and capable of 

doing useful work. He gives the example of AI’s model of human activity being largely 

built upon concepts of representation brought about through underlying cognition.  
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Agre’s observations are essential to producing critically informed machines, because he 

makes the definitive case as to why technical work is made better on its own terms (i.e. 

efficacy, reliability) when critical theory is introduced to a project at a fundamental level. 

I have chosen to use it precisely because arguing on engineers’ and technologists’ own 

terms is rhetorically powerful while in the moment of design and collaboration: a 

characteristic that should be enticing to anyone interested in making activist interventions 

with their academic work. 

Agre has inspired a constellation of practitioners in this field, all of which complicate the 

boundaries between disciplines and the epistemological assumptions within them. Matt 

Ratto’s critical making framework claims to “theoretically and pragmatically connect two 

modes of engagement with the world that are often held separate—critical thinking, 

typically understood as conceptually and linguistically based, and physical ‘making,’ 

goal-based material work” (2011, 253). Critical making, however, is not necessarily 

concerned with making useful things, so much as it is fostering useful thinking through 

the building of things. 

Phoebe Sengers et al. (2005) casts a wider net: asking technicians and scientists to level a 

critical eye to the values and assumptions embedded in their work. They “argue that 

reflection on unconscious values embedded in computing and the practices that it 

supports can and should be a core principle of technology design” (2005, 49). Senger et 

al.’s approach also encourages designers and engineers to think about what values and 

assumptions do not make it into finished products. 

There are also pedagogical interventions taking place at the undergraduate level, in an 

effort to shift engineering perspectives by incorporating the concerns of social scientists 

into the training of new engineers, architects and designers. For example, Bronet and 

Layne write, “We do not want to sit back and offer post facto critiques of new 

technologies but want to intervene proactively to influence design. One obvious way to 

do this is to equip the next generations of designers to work toward this goal” (2010, 

179). Bronet and Layne go on to describe the work they have done in Rensselaer’s 

Programs in Design and Innovation studio, where qualitative social science methods and 
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texts are folded into a four-year design studio course. There are facets of the work in this 

dissertation that support this method insomuch as engineering undergraduates had to 

work cross-culturally and confront work environments and product use cases that would 

not normally present themselves in typical engineering education scenarios. 

Finally David Guston’s work on anticipatory governance (2014) suggests that STS might 

be best suited to provide policy recommendations for new and emerging technologies 

while those technologies are still in their infancy. Guston proposes that STS scholars 

embed themselves in the work environments of engineers so that technologies and policy 

co-evolve and are readily available to relevant institutions at the same time. This 

approach is aimed more at basic research and large-scale industrial production of things 

like nanotechnology or automated systems but there is still something to gain from 

keeping this approach in mind. Namely, that it is not enough to build a technology first 

and figure out the management system later. Both must be co-constructed. 

All of these frameworks suggest that my role in the case study projects must shift from 

technology critic to collaborator because—as STS researchers have shown—it is at the 

moment when technologies are implemented or scientific experiments are run, that so 

much of the politics of those disciplines play out (Akrich 1993; Laet and Mol 2000; 

Pickering and Guzik 2008; Gabrys 2013). While the critical approach influences science 

and technology indirectly, through policy recommendations or education, the 

collaborationist mode requires working alongside scientists and engineers.  

One such collaborationist mode is the critical making framework which “articulates a 

research program that explores the range of practices and perspectives connecting 

conceptual critique and material practice” (Ratto, Wylie, and Jalbert 2014, 86). Critical 

making is best understood as an umbrella term for a wide range of activities and modes of 

inquiry that combine traditional text-based contributions (e.g. journal articles, books, 

white papers) with “material interventionist methods” which include a “range of design, 

engineering, and artistic practices that apply and express their critiques through physical 

artifacts and material-technical practice” (Ratto, Wylie, and Jalbert 2014, 86).  
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These methods are meant to refocus or sensitize engineers and designers to issues, 

populations, or problems that are overlooked in the majority of market-driven product 

development (Ratto, Wylie, and Jalbert 2014; Wylie et al. 2014; Ratto 2011). Ratto, 

Wylie, and Jalbert (2014) note that the timescales for some flavors of critical making 

whose audience includes designs and engineers take longer to accomplish than methods 

like tactical media or critical design, which are generally meant to make an argument 

about values for the general public. Generally, this is the case because critical making 

invariably asks that professionals add to existing methods (whether it be gaining input 

from more stakeholders or leaning back and reflecting more on one’s own practice) and 

rarely demands that existing approaches be pruned back.  

It is difficult to articulate the methodology of projects based in CTP because, as Agre 

himself writes of his own work, “The very notion of methodology, … supposes that the 

investigator started out with a clear critical consciousness and purpose and the whole 

point of this chapter [articulating his own journey from computer science to social 

science] is that my own consciousness and purpose took form through a slow, painful, 

institutionally located, and historically specific process” (2009, 133). Similarly, I did not 

start out with a clear technical competency or “object world” (Bucciarelli 1996) and 

instead had a critical perspective in search of technical application.  

iCTP then, is a means of flipping through and between many of these collaborative 

frameworks in service of building something that “works” (e.g. a condom vending 

machine or a mesh Wi-Fi network), all the while influencing the people you are working 

with so that they learn something about STS along the way. It is not always known at the 

time when one is building for inquiry or for use, but it was often the case that unused 

developments were frequently revisited as teachable moments for further inquiry and 

construction.  

Crucial to the iCTP methodology is a careful division of labor and expertise. Sengers has 

dual appointments in computer science and STS, while Agre is a computer scientist with 

a thorough understanding of critical theory. I am an STS scholar with far less competency 

or literacy in computer science than Agre or Sengers. Instead, I collaborate with 
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engineers --from students through senior practitioners-- to make useful things that also 

intervene in a social or cultural milieu. Sometimes I employ a bit of anticipatory 

governance and work through the social implications of a problem with an engineer. 

Other times I steer a project in a different direction based on what I can identify as a 

social theory playing out in the work.  

The iCTP approach is conceptually important to my research goals because it helps 

navigate my relationships with engineers and other collaborators. It keeps critical analysis 

as the top priority while still leaving room for welcoming collaboration with engineers 

that may not immediately identify with or understand the political dimensions of the 

project.  

What follows now are descriptions of the projects, both what was intended and what 

actually happened. The remainder of this chapter will be light on theory because the 

following three chapters will do the bulk of the theoretical analysis this dissertation seeks 

to provide. This is accomplished by revisiting the data in this chapter by way of the 

sense-making tools I described in the introduction. 

FIELD WORK 

OPEN SOURCE VENDING 
Ghana’s average HIV/AIDS prevalence rate is 1.9%, (Ncube et al. 2012, 27) which is low 

compared to the sub-Saharan overall average of 4.9% (Joint United Nations Programme 

on HIV/AIDS 2012) but still high compared to many other parts of the world. Within the 

country there is a lot of variance as well, with some of the Eastern region reporting 3.7% 

infection rates and the North and Upper West regions reporting only 0.8%. The Ashanti 

Region, where Kumasi is located, has a rate of 3.2%  (Ghana AIDS Commission 2013). 

Despite the present danger, there remains a regrettable dearth of up-to-date and reliable 

information on the sociocultural attitudes toward prophylactics and the rate of their 

usage. Even peer reviewed articles still code “being faithful to a partner” as good 

practices for avoiding infection (Oppong Asante and Oti-Boadi 2013, 273) and another 

study of 267 HIV-positive people showed that a majority (67%) had regular sex with 

HIV-negative people or people who did not know their status (Ncube et al. 2012). 
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A study by Adih and Alexander (1999) that sampled 601 young men, 15–24 years of age 

found that “While 65% of the sexually active male respondents had used condoms at least 

once, only 25% had used condoms at last intercourse” (P. 63). More sobering is the 

statistic that only 15% of sexually active men from the ages 15-30 use condoms 

regularly. Ncube et al. (2012) also found that people who scored poorly on an HIV/AIDS 

awareness test were also 90% less likely to use a condom during intercourse. 

Another study concluded that “four-fifths of prevalent cases of HIV in adult males were 

acquired” from sex workers, boyfriends of sex workers, or other personnel involved in 

sex work (Côté et al. 2004). Adih and Alexander note that their data on the small 

numbers of young men using condoms  

contradict[s] findings from other researchers on adolescent condom use. In 

the current study, older respondents were found to be more likely ever to 

have used a condom. Other studies have found the reverse to be true: that 

younger subjects were significantly more likely to report higher frequency 

of condom use during intercourse (11,29). A possible explanation for this 

observation is that in Ghana, where contraceptive services traditionally 

cater to adults, younger people may find it more difficult to obtain 

condoms, they may not have the money to buy condoms. In addition, even 

if they have the means, they may feel embarrassed to go to the drugstore 

or family planning center to buy them. (69) 

Adih and Alexander concluded that “HIV prevention programs for youth should 

emphasize personal vulnerability to acquired immunodeficiency syndrome, instill in 

youth the self-belief that they can use condoms any time, and address how to overcome 

barriers to condom use” (63). An obvious prerequisite to this last concern is overcoming 

barriers to condom acquisition, which was our intention throughout the project, albeit by 

different technological interventions. Our initial fieldwork in Kumasi confirmed Adih 

and Alexander's observation that drugstore condom purchases can be embarrassing. Some 

respondents reported not wanting to ask a pharmacist in a crowded space for condoms 

that were typically placed out of reach of the customer.  
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The work that would become the Open Source Condom Vending Machine (OSCVM) 

was an effort to intervene in this dynamic. A sentence from my 2014 National Science 

Foundation grant proposal sums up the overall project nicely: “Success for this project is 

defined by not only a working OSCVM but a burgeoning, if not thriving, marketplace of 

local manufacturing and servicing of OSCVMs.”  

Crucial to the establishment of a marketplace (and not a major, single developer as was 

the case with projects like Kickstart Pumps see McGregor 2006; Nieusma and Riley 

2010) was keeping the barriers to entering the condom vending machine business as low 

as possible. The way to do that, for reasons I will articulate later, was to stay in the public 

domain by utilizing open source licensing and uploading the working documents (e.g. 

schematics, blueprints, preferred building materials, construction methods) to a wiki built 

for that purpose.  

The line of inquiry that eventually became the condom vending machine project started 

out as an opportunity for me to work on an existing AIDS awareness project funded in 

part by the same National Science Foundation program that funded my first two years of 

graduate school. That program, called GK-12, was developed after “recognizing that, in 

addition to being competent researchers, STEM graduate students must be able to 

communicate science and research to a variety of audiences” (NSF GK-12 Program 

2015). More specifically, graduate fellows in the GK-12 program were expected to bring 

their research into k-12 classrooms so that students not only learned about cutting-edge 

research, but also get a better understanding of what a scientist does for a living. Fellows, 

in turn, would develop skills “which enable them to explain science to people of all ages, 

ranging from students to teachers” (NSF GK-12 Program 2015).  

The NSF has since stopped funding this program, but at its height there were thousands 

of research teams across the country doing this kind of work. The team that I joined in 

my department—titled 3Helix—was different from other instantiations of GK-12 in two 

key respects. First, the grant was mainly aimed at translating the physical sciences into k-

12 curriculums, so there were only a handful of social scientists in the whole national 

program. This meant that, unlike my engineering or computer science counterparts, I did 
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not have the kind of STEM content to share with students. Instead my work in the 

classroom was more akin to fieldwork than outreach or professional development. This 

led to the second key difference: even the scientists and engineers on the grant were 

encouraged to think of their work as something to be enriched, not just explained.  

Most of my hours in the GK-12 fellowship were spent in a 7th grade science classroom in 

the Albany school district. I came up with a few lesson plans around composting, the 

identification of simple machines, and one particularly fun activity where students 

learned about isobars and isotherms by toilet papering the classroom. These activities 

never coalesced into a discernible research project—partially because I found out that I 

was terrible with children—but also because systematic interventions in fast-paced and 

highly regulated state curriculums is an incredibly difficult project that I felt ill-suited to 

take on. Colleagues would get around this problem later on by working with students 

after school in remedial or extra-curricular contexts, but by then I had moved on to a 

different funding line. 

This backstory is important because it framed my thinking about what my research 

should accomplish. I was primed for, and actively seeking, projects that would help shape 

an existing research interest in privilege, expertise, and material agency. I also had a 

background in urban studies, so I was attuned to the spatial dimensions of problems. The 

task for me was to find a project where those fields of knowledge could be put to good 

use.  

Towards the beginning of my second semester Ron Eglash, my advisor and the primary 

investigator (PI) for the fellowship, asked me if I wanted to go on a research trip to 

Ghana that he was planning. Reluctant at first (what would I even do there?) I signed on 

to a project with co-PI Dr. Audrey Bennett to develop a culturally-situated AIDS 

awareness campaign. The previous year she had conducted a workshop with Ghanaians 

on developing their own HIV awareness media that diverged from the “red ribbon” 

campaigns that are popular in the United States (See Bennett 2015). I did not have any 

graphic design background, but I did know something about urban geography and 

mapping out resources. I had a basic understanding of digital mapping technologies like 
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Geographic Information Systems (GIS) and was comfortable with basic web 

technologies.  

What began as a conversation about awareness quickly developed into a wider project 

that sought to understand access to contraception as a problem of readily available 

information about how and when to buy a condom, rather than education about the 

dangers posed by sexually transmitted infections. Nothing in the literature about the 

spread of HIV or birth control access seemed to look deeply into the time it took to 

acquire a condom. This seemed like an approach that could be executed by a relatively 

small group of people in a moderate amount of time.  

We also knew that mobile phone technology was influencing the region. By Spring, 2011 

when we were planning our summer trip, cell phones and the Internet were on their way 

to completely transforming the social arrangement of Western Africa in general 

(Odumosu 2009) and Ghana in particular (Burrell 2010; and later Burrell 2012). Over the 

course of the study period, mobile phone adoption in Ghana grew astronomically. During 

our first visit, Ghana’s mobile phone user base totaled nearly 26 million. In 2015 it had 

increased to 31 million. In terms of percentage of individuals with phones, 2012 was 86% 

but by 2015 Ghana’s National Communications authority reported 115.64% market 

penetration (National Communications Authority 2013). Many Ghanaians I spoke to 

carried more than one mobile phone, or at least one unlocked phone that could accept 

SIM cards from all of the major service providers. The largest provider of mobile phone 

service is the MTN group based out of South Africa. Mobile phone networks have 

brought not just voice communication, but mobile Internet, texting, and multimedia to 

populations that were largely left out of the last two decades’ advances in ICT.  It seemed 

as though, while not the only way to intervene, mobile phones would be a very good one. 

For better or worse, mobile phones were only becoming increasingly popular in Ghana, 

and it seemed as though a service that provided instant and contextually relevant 

information on the availability of condoms would be exceptionally useful. Building a 

service that could tell someone where to find a condom nearby, in an era where citizens 

of large cities can tap a single button and have everything from a pizza to a chauffeured 



 
 
 

46 

car arrive in a couple of minutes, seemed like a simple design problem. In reality, such a 

project is exceptionally difficult, especially when technologies that seem ubiquitous (e.g. 

a rationalized mailing address system) to a person living in a wealthy country are absent.  

To help us make the most of our time prior to travelling to Ghana, Eglash, Bennett, and I 

chose to hire someone to help us research and develop the more technical aspects of the 

project. In May, 2011 we hired John Licato, a graduate student in the computer science 

department, whose diligent work early on was an immense help to the project overall. 

Licato was interested in analogical reasoning (the process of thinking through analogies), 

which can help build computer systems that learn from mistakes or deduce a course of 

action based on prior, similar experiences. It was a line of research that may have proved 

very useful if we kept down this course of action instead of building vending machines. 

In our first meeting we came up with four questions whose answers we deemed to be 

prerequisite knowledge for any kind of technological solution to our design problem. 

Licato kept a journal where he logged his progress. The first post lists the four questions 

we came up with and his researched responses to each. First the questions: 

1. Does Ghana have a zip code or area code system? Are they too big to 

be useful? Comfortable walking distances for Americans is typically 

a quarter mile radius (5 minutes at a comfortable pace). 

2. How do we embed location information into a text message? Do 

emergency (911) services help in this regard? 

3. What are the service providers in Ghana? Could they be of help to 

this project? Would they be interested in using our final (open 

source) product?  

4. How much does the software and hardware for a phone tree cost? 

(Licato 2011a) 

These questions are deceptively simple. They are a good example of the symbiotic 

relationship between engineers and social scientists that iCTP was meant to invoke. As 

social scientists we had thought of an experience or an event more than a technology. We 
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had little understanding of what was technically possible but we were able to articulate 

what a useful end product would probably look like. For example, from my background 

in urban design I knew that a quarter mile walking radius was an ideal walking distance 

that did not feel “out of the way” but still might not be within eyesight. Licato was quick 

to come up with the requisite information that would be needed to make such a system 

and identified the infrastructures (like 911 services in question 2) that would be necessary 

to make the system work.  

Questions 1 and 2 were in response to the fact that services like Google Maps and Open 

Streets (an open source alternative) were barely useable because smartphone ownership 

rates were still too low, and even if someone could bring up a map on their phone the 

maps would depict roads and buildings without names or numbers. Therefore, we thought 

some kind of zip code or area code system could prove useful; the system could simply 

list all of the condom sellers within a queried zip code or area code (hence the reference 

to walking distances in question 1). Question 3 was an admitted long-shot: if the answers 

to 1 and 2 were a “no” (area codes too large, emergency services non-existent or not 

geotagged) it might be possible to build some sort of service into a popular mobile phone 

service provider. Question 4 came out of a discussion around literacy rates and 

standardized spellings. Literacy rates in Ghana are 78.3 percent for men and 68.3 percent 

for women (Embassy of Ghana 2015). Therefore, while cheap or free automated text 

messaging systems were easy to find, we wanted to see what sorts of voice-based 

interactions were economically viable as well.  

It turned out that not only were 1 and 2 a “no,” but so was 3. Ghana does use a phone 

area code, but the areas that correspond to the codes are far too big (encompassing 

multiple city centers) for someone looking for nearby retailers. Emergency services that 

use GPS technology or triangulation from cell phone towers to locate callers are not 

available to the typical third party due to privacy concerns (Licato 2011a). That meant we 

would have to rely on the user to describe his or her location.  

To summarize thus far: We want to tell Ghanaian users where to find the closest 

proprietor of condoms in such a way that is easy to understand and provides some kind of 
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privacy to the user. Way-finding technologies like addresses, street names, zip codes, and 

area codes are non-existent or do not operate at the appropriate scale. While working 

through a sizeable NSF grant, the project is still relatively constrained financially. This 

not only limits what sorts of hardware and software services we can buy; we are also not 

big enough to rank as a viable 3rd party that can do business with mobile phone providers. 

Finally, any text-based interface will be unreliable due to literacy rates and standardized 

spelling, but would be the least-worst option.  

Having settled on a text message based system we had to reckon with the fact that none 

of us knew how mass automated text messaging worked. We caught ourselves mistaking 

ubiquity for simplicity: while just about each one of us had received a text from a 

computer before, none of us knew exactly how any of that worked. Was there off-the-

shelf software that could do this, or was it something that only large organizations can 

control or afford? We ended up starting the research by investigating our best-known 

experience with using a large automated text messaging system: voting for a contestant 

on American Idol.  

It turned out American Idol uses something called an SMS Gateway, which according to 

Licato’s research blog would not only entail the purchase of “required hardware (a GSM 

modem, computer to run software, SIM card from compatible Ghanaian service provider, 

etc).” It also involved buying service packages that were priced “for extremely large 

traffic clients (the cheapest is for 5 messages / minute, for about $850 USD+ any separate 

fees the Ghanaian service provider charges)” (Licato 2011b). The “American Idol option” 

would have been an appropriate and even affordable option if the text messaging system 

were not still in the experimental stage. Investing that heavily in such a system would 

have brought closure (Pinch and Bijker 2012) to our process far too soon. What we opted 

for instead was a piece of open source software called FrontlineSMS that was first used 

to help spread human rights information in Zimbabwe (“Our Story” 2015). It has since 

been used for everything from coordinating monsoon disaster relief in Pakistan to 

reporting child abuse in Benin (“Guides and Case Studies” 2015). FrontlineSMS was a 

piece of software that gave the user the option of responding to large groups manually or, 

using a few lines of code, send back automated responses based on text message content. 
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What Licato put together was relatively simple. It consisted of a mySQL database, some 

perl scripts, a cheap laptop running FrontlineSMS, and an unlocked external cell network 

modem that accepted different SIM cards. The database was populated with the GPS 

coordinates of large landmarks and condom sellers. Users interfaced with the database 

through a series of texted responses. The user would begin by texting “condom” to the 

system’s phone number and FrontlineSMS would hand over the text message to a 

relatively simple python script that would read the message and would compare the 

users’ reported landmarks with a database of known landmarks. They would then be 

presented with the option of getting instructions or beginning their search. A search 

consists of texting the names of nearby landmarks separated by a comma. The software 

would then look up known condom sellers near the landmarks the user provided. For 

example, if I were near the Sophaline Roundabout and Prempeh College, I would type 

both of those names into a text message and send it to the system’s phone number. The 

system would find these names in its database, along with their known GPS coordinates. I 

would then receive the name of the closest condom seller: the nearby Suntreso 

Government Hospital. Figure 3 shows this process in flow chart form. 
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Figure 3 | (Licato 2011c) 

Our kludged-together prototype was capable of reliably suggesting the correct condom 

seller using a set of pre-loaded locations located in the Central Market of Kumasi. A fully 

functioning system would give users the ability to upload and geotag new landmarks and 

condom sellers, but our pre-loaded system was able to list most of the pharmacies in the 

crowded market if someone texted the name of the market or several large landmarks. 

Bennett had designed an HIV/AIDS awareness poster the prior summer referencing the 

red penalty card in soccer. The card told users to “Give AIDS the Red Card” and then had 

instructions and the system’s phone number printed at the bottom. We handed them out 

during our interviews and left some with the hospital staff we worked with over the 

summer. 
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In the course of two months we had gone from hypothesis (If Ghanaians are presented 

with a tool to find the nearest seller of condoms, condom use will go up,) to having built 

a functioning testing apparatus (which we uncreatively and simply called the “SMS 

Condom Locator”). We were fairly confident that we had paid attention to expected use 

contexts and took into consideration as many factors as our small team could 

accommodate.   

This landmark-based system seemed like a reasonable way to navigate in an environment 

with few street names or GPS-enabled smartphones. This kind of way finding proved to 

be very popular. During the July 2011 visit I conducted a structured interview with a total 

of 24 interviewees the following questions. Not all interviewees were asked each 

question, and some declined to answer: 

1. Could you please draw a quick, basic sketch of Kumasi? Draw it as if you were 

giving someone directions around town. What are the important parts, where do 

people meet, what paths do you take?  

2. What first comes to your mind, what symbolizes "Kumasi" for you? How would 

you  

3. broadly describe Kumasi in a physical sense.  

4. Do you ever ask for directions through a phone call or text message?  

5. Do you have regular access to your own cell phone?  

6. What kind is it?  

7. Describe a typical day's cell phone usage.  

8. If you need to arrange meeting someone, would you usually use texting, voice, or 

a mix of both?  

9. How many texts would you say, you average per day?  

10. Do you consider texting to be a private activity?  

11. Do you think other people, other than the intended recipient, read your text 

messages?  

12. Have you ever used an automated text service before?  

13. Would you consider using your texts to gather information, rather than friends 

and family? 
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14. If you did not know where to buy or get a free condom nearby, would you feel 

comfortable asking someone you knew where to get one? A stranger?   

For the first question, six out of twelve respondents drew and described something akin 

to a subway map. The maps were promising for our project because it indicated that a 

series of text directions may be more familiar than an aerial map. Figures 4, 5, and 6 are 

subway-style maps and Figure 7 is an aerial map: 

 

Figure 4 
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Figure 5 

 

Figure 6 
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Figure 7 

These interviews and map-drawing sessions were during my first trip to Ghana, which 

consisted of the first two weeks of July 2011 and was primarily spent in-between the 

Kwame Nkrumah University of Science And Technology (KNUST) and the Suntreso 

Government Hospital. Unfortunately, data was lost from the rest of those questions 

except for a few responses to the yes or no questions. For example, twelve people 

answered “yes” and three answered “no” to question 13. In response to “Do you have 

regular access to your own cell phone?” twenty-two showed me their phone. Eight 

respondents had a smartphone, 10 had a “feature” phone with a numerical keypad, three 

had two smartphones, and one had two feature phones. Each interview lasted 

approximately 15-20 minutes and translation from Twi to English was provided by 

hospital staff. 

KNUST is a sprawling, rural campus on the edge of Kumasi; Ghana’s second largest city 

and the capital of the old Ashanti Kingdom. KNUST was founded as the “Kumasi 

College of Technology” in 1952 with an inaugural class of only 200 students. By 1960 it 

was a full-fledged university that offered degrees in everything from pharmacology to 
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urban planning. Every time I visited Ghana, I stayed at the Engineering Guest House on 

the campus. It is a large building with tall ceilings and immaculately kept tile. The house 

is comprised of two stories of hotel-style rooms with private baths, balconies, a TV, and 

two beds.  Each room opens onto one of four hallways that all exit into a main lobby with 

a check-in desk, lots of couches, a wide-screen TV, and a bar that serves mostly beer and 

Johnny Walker Black. Attached to the Guest House is a restaurant with a full menu that 

sustained us for most of the trip. 

Days in Ghana usually began early with breakfast with the research team before piling 

into a minivan that would drop us off at our respective field sites. The team’s 

composition changed from year to year, but generally consisted of half a dozen 

undergraduates, two or three graduate students, Dr. Eglash and Dr. Bennett, and one year 

we even had some Albany area science and math teachers. Most of the research team 

would be dropped off at a nearby school where they were working on culturally situated 

design tools and I with either Bennett or an undergraduate engineer would take a 45 

minute ride out to the Suntreso Government Hospital.  

Suntreso is a relatively small collection of buildings, perhaps no bigger, in terms of 

square footage, than the Guest House. The hospital is made up of several single-story 

buildings connected by covered walkways. The smell of bleach hangs in the open air, 

along with the constant chatter of the full waiting rooms and hurried staff.  

At the front of the hospital is an enormous gravel lot surrounded on all sides by story-tall 

masonry walls. The gravel lot always has about a dozen cars, some private, mostly taxis 

ready to take patients back to their homes. The lot is a short walk to the perennially busy 

STI clinic. One has to walk past a small food court (brought to you by Guinness Malted 

Beverage), a maternity ward, and a suite of examination rooms before seeing the two 

long (and usually full) benches where people sit and wait to see the head doctor, a nurse, 

or Helena Afriyie-Siaw, the STI clinic’s data manager.  

The title of “data manager” does not nearly capture everything that Afriyie-Siaw does. 

She is usually behind her desk with mountains of papers and three or four patients around 

her. She asks them about their food intake, how regularly they take their medications, and 
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the status of their symptoms. Usually the conversations are concise and informative, 

ending in some hand-written instructions. Occasionally however, a patient is so non-

compliant that Afriyie-Siaw cannot help but take them to task. In one of my first visits to 

the hospital I witnessed a woman pull a clear bag full of pills out of her purse. As 

Afriyie-Siaw took the pills from the woman her eyes grew large before exclaiming, “this 

is what we gave you! Have you taken nothing!” The conversation moved into Twi so I 

did not know exactly what was said, but the body language made it clear: Afriyie-Siaw 

was disappointed and the patient was frustrated.  

The office that Afriyie-Siaw works out of has two other desks staffed by a rotation of 

people. They are similarly piled high with papers and computers that are constantly being 

used by one person or another. The room has motivational signs that seem printed from a 

word document. One by Afriyie-Siaw’s desk reads “Let your words be soft, sweet, 

suitable, succinct, and above all slow.” This is particularly funny to anyone who has 

spent more than a few minutes with her, as she is a fast talker who is unafraid to confront 

disagreement either through volume or duration.  

Adjoining Afriyie-Siaw’s shared office is the private office of the head doctor, who is 

rarely at the hospital. His office has a TV with a tiny plastic Christmas tree sitting on top. 

An enormous L-shaped desk dominates the room, which is also covered in spiral-bound 

books, loose papers, and folders. Above all of this is another printed sign that reads “Start 

by doing what’s necessary; then do what’s possible and suddenly u are doing the 

impossible.”  

I was put in contact with Afriyie-Siaw through KNUST engineering professor Dr. Francis 

Momade, who had previously worked with Eglash and Bennett. He put us in touch with 

university staff members that knew of HIV/AIDS prevention programs in the area. 

Afriyie-Siaw was one of three people we contacted, and the only one that responded and 

agreed to meet with us when we were in Ghana. She was eager from the beginning to try 

new methods for distributing condoms to the 1,750 registered HIV positive patients and 

the greater Kumasi region in general. After I described our intended approach (“Our idea 

was to provide an assortment of cell phone and web-based tools that Ghanaians could use 
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to locate condom sellers.”) she expressed excitement in trying to reach potential condom 

users through the privacy of a text message or phone call. She was quick to point out that 

“am so glad u are doing this through the electronic media in fact buying condom from 

shops is 1 of the most difficult thing people found doing in Ghana.” 

In the two weeks I stayed in Kumasi I interviewed two dozen patients at Afriyie-Siaw’s 

STI clinic. The interviews, sadly, were nearly impossible to quote or transcribe due to the 

quality of my recordings. My shorthand notes, however, painted a fairly clear, if general, 

picture: we were planning to remediate a nonexistent problem. We had taken Afriyie-

Siaw’s earlier comment about the difficulty of buying condoms to mean that the shops 

were hard to find or the supply was unreliable in terms of quantity or quality. As it turned 

out, condoms were plentiful and even reasonably priced, but were generally only 

available in crowded pharmacies that intimidated most potential condom purchasers. 

Some reported that they were “too shy” to go into a pharmacy or even ask someone else 

to go for them.  

I confirmed this for myself by going to several shops in a Kumasi downtown market. All 

nine pharmacies (or chemist’s shop, as they were sometimes called) in the biggest market 

in Kumasi were: 1) busy and had few if any private spaces away from crowds, 2) kept 

condoms either below or behind the counter out of reach of customers and, 3) had 

employees that reported some embarrassment on the part of customers purchasing them. 

Even if you had an understanding pharmacist behind the counter, the pharmacy itself is 

not conducive to privacy. All the ones I visited were either so small that anything said or 

done was easily witnessed from the busy sidewalk or big enough that they fit several 

people but not so big as to keep fellow patrons out of earshot. It was nearly impossible to 

buy a condom without talking to one person and having at least one more person hear you 

ask for it.  

I consistently heard from Afriyie-Siaw and respondents that sex out of wedlock was a 

western value that was invading tradition Ghanaian culture. One respondent told me, 

“Married people are seen as more responsible,” and that “Married couples are spreading 

HIV through cheating.” Birth control in general, not unlike some conservative views in 
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the United States, was seen as an invitation to immoral behavior. The packaging did not 

help matters here. Some packaging was discreet or otherwise culturally ambiguous with 

the brand name and some solid color background. Many condoms, however, were 

packaged with scantily-clad White or Asian women on the front. One widely sold brand 

of condom called “rough rider” seemed particularly well-suited for communicating 

American cultural influence: the packaging was dominated by the image of a blonde 

white woman in an unbuttoned denim jacket.  

The two weeks in Ghana concluded with a very clear message; Condoms were reliably 

found for a decent price in most pharmacies and few people needed help finding them. 

The problem was that these places were excellent drivers of intimidation and fear of 

judgment. As this became clear we started asking the patients at the STI clinic where they 

would prefer to buy condoms if not at a pharmacy. Most of my conversations with 

patients were interpreted from Twi to English by Afriyie-Siaw, who often gave very short 

responses to what sounded like long replies. Responses to those questions were 

nonetheless useful because, while some were predictable (public bathrooms, bars, gas 

stations, and hospitals), I also heard restaurants, phone booths, hotel rooms, and even 

taxis. 

What I am left wondering is why, after I explained our approach to Afriyie-Siaw, did she 

welcome such an obviously wrong strategy? Afriyie-Siaw seemed neither impatient with 

our strategy nor surprised when the locator did not work. There is, of course, the 

possibility that we misinterpreted “buying condom from shops is 1 of the most difficult 

thing people found doing in Ghana” to mean “it is difficult to find shops that sell 

condoms” rather than “buying condoms that are in shops is difficult.” It is also possible 

that we were all caught up in a fairly common dynamic within international development 

work. The well-meaning scholar (me) is so busy thinking about global disparities and 

power relationships that the researcher fails to consider the “micro” power relationships 

within communities. According to Kothari (2001) this is because of an “almost exclusive 

focus on the micro-level, on people who are considered powerless and marginal [which] 

has reproduced the simplistic notion that the sites of social power and control are to be 

found solely at the macro- and central levels” (140). Kothari concludes that even projects 



 
 
 

59 

that employ participatory methods “can conceal inequalities and in certain circumstances 

reify them” (152).  

It would be essentialist of me to assume that Afriyie-Siaw had all of the answers to what 

it takes to get people to pay more attention to condom use, even if she was excellent at 

her job. What strikes her as immediately useful may not work for hundreds of her 

patients. It is also possible—and I write this without judgment—that Afriyie-Siaw was 

focused on attracting external funding and expertise first and foremost, and was willing to 

accept an imperfect project if it meant opening the door to a longer-term working 

relationship. This is also, according to Kothari, not an unusual dynamic. As communities 

and organizations get accustomed to being approached for international aid, they develop 

tactics and strategies to maximize investment, which may or may not be conterminal with 

the goals of the aid organization. 

From this point on we focused on changing the way people bought condoms, and put 

projects like the SMS Condom Locator on the back burner. We began by purchasing off-

the-shelf vending machines, which in subsequent trips to Ghana were found wanting. 

Few companies were willing to ship to Ghana, and even fewer were willing to 

reconfigure their coin acceptance mechanisms to accept the local currency. Anything that 

would ship to Ghana was subject to a 100% tariff, and then domestic transportation costs 

on top of it all. On our second trip in the summer of 2012, we brought a small vending 

machine that we could fit into our checked baggage, but this model had a fatal flaw: it 

required that the condoms fit into small cardboard boxes, which were hard to replace in 

Ghana. We altered the machines, tried to increase their capacity, and eliminate the need 

for cardboard boxes, but nothing reliably worked. I will revisit this incompatibility in the 

conclusions, but it suffices to say for now that the constraints of the off-the-shelf machine 

were impossible to get around; we would need to make our own machine. 

By making our own machines in Kumasi, our import problems suddenly became an asset: 

we could help foster a business with no international competition. The task then was to 

make a condom vending machine network that could scale up with as much of the value 

staying close to the people making the machines and buying the condoms as possible. 
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The only way we could think of accomplishing that was to leverage the flexibility of 

open source as not only an intellectual property regime but also as a guiding example of 

how labor should be organized (I revisit this concept in chapter 4). It was at this point, 

after the SMS Condom Locator and the modified off-the-shelf machines failed to catch 

on, that we started focusing our work on what we called simply the Open Source Condom 

Vending Machine or OSCVM. 

I suspected that in the initial stages of building condom machines my interlocutors and I 

would be responsible for the creation of nothing more than a fairly standard business like 

the couch upholsterers and mechanics I saw all along the roads in Ghana when I visited in 

the summers of 2011 and 2012. But my hope was that by insisting that anyone building 

the OSCVM also share their progress with others, we could create a sprawling federation 

of vending machine makers, sellers, and servicers that were more interested in the active 

maintenance of their shared livelihood than consolidating power and wealth. The shared 

information would be so useful and maybe even a point of pride that the people 

responsible for the vending machines would behave more like collectives of free software 

developers (as depicted in Coleman 2012) than entrepreneurs.  

The OSCVM was to be pitched to whoever would listen as either a small manufacturing 

business, a way of supplementing a larger income from a store, or offloading a 

responsibility for a government agency or pre-existing nonprofit. For the manufacturer it 

was a fairly cheap and simple thing to make that businesses would buy and mount in their 

stores or in the bathrooms of their restaurants. Individuals could purchase these machines 

as well and run a small business leasing them to businesses and take the job of stocking 

them and taking most of the money with a cut to the owner of the store where the 

machine sits.  

To the skeptical, radical thinker, this may sound like neoliberalism: solving a social 

problem by incentivizing people to go into business profiting off of a public health crisis. 

Public health is just that, a public concern that should be dealt with using collective 

resources marshalled by bureaucracies that report to democratically elected 

representatives, not business owners. I was aware of this the entire time, and had it said to 
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me nearly every time I presented my work. I honed my defense over the years to the 

following: 

The organizations we have at present are not only badly designed to confront the sorts of 

wicked problems that persist in this world; they are often part of their active maintenance 

and perpetuation. As a consequence, people interested in radical social transformation, 

even fairly privileged ones, are left with a relatively poor set of tools and tactics for 

affecting long-standing change. Any sort of tool, technology, program, or law that comes 

out of these organizations –while certainly capable of doing more harm than good—

cannot get at the root of the problem. Revolutionary change will require as much 

attention to the means as the ends because the two are inextricably linked. Unfortunately, 

any one individual—even a relatively privileged one such as myself—is not positioned to 

confront wicked problems. The only thing that has confronted problems such that they 

are entirely transformed are social movements, but very rarely can a social movement be 

deliberately designed, and even if one is successful in doing that, there is no guarantee 

that such a movement will transform into the kind of long-lasting institution that may be 

needed to truly eradicate a social ill.  

Therefore, it seems incumbent upon people like me—someone with resources like 

money, time, and expertise—to offer these things up to those willing to make a difference 

in the world, all the while being extremely careful to not play kingmaker. One has to 

seize power, but transform it and democratize it and never take it for yourself. To the 

extent that this includes the building, bartering, and exchanging of goods and services, so 

be it. The trick is, to the extent possible, make sure people are building and selling things 

that lend themselves to the kind of politics you want to engender. That was the 

motivation for making the OSCVM simple and cheap: keeping in line with the alternative 

design lineage I was extending, there needed to be low barriers to entry to this system and 

room for adaptability.  

Going forward, our plan was to establish a regular cycle of exchanging engineers 

between KNUST and RPI every summer, each year looking into the results of field tests 

and prototyping new machines over the school year. We started doing just that in 2013, 
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when we were able to send two teams of undergraduate engineers to Ghana, one in 

December 2012 to investigate the viability of a Kumasi-based manufacturing facility, and 

two more trips in July 2013 and 2015 to actually make the machine there. We had plans 

to work with Ghanaian engineers in Troy but visa problems prevented KNUST students 

from visiting. 

Eventually, we would be prevented from going to Ghana as well. In May 2014 I began 

applying for an NSF Dissertation Improvement Grant that would fund travel and supplies 

for a return trip to Ghana. However, in October, 2014 the largest Ebola outbreak ever 

recorded struck Liberia, Sierra Leone, Guinea and several other nations. Ghana, which 

never had a confirmed case of Ebola according to the Center for Disease Control, 

nevertheless ended up on RPI’s travel ban list. No one using funds dispersed through the 

institute was allowed to fly to or from Ghana or any of the countries bordering Ghana. I 

assumed that the outbreak would be cleared up soon enough, and continued planning the 

return trip. Also in October of 2014, I completed the application for the RPI Humanities, 

Arts, and Social Science Fellowship. This would release me from any place-based 

responsibilities to the institute and allow me to travel freely and work full time on my 

research. I expected the travel ban to be lifted by the time any of these rewards came 

back, but just in case I left an escape hatch in my HASS fellowship application: 

 While RPI still maintains a travel embargo to Ghana (and several other 

West African nations due to an abundance of caution regarding the recent 

cases of Ebola) I fully intend to use the awarded money by redirecting 

travel funds to supplies and training for Ghanaian fabricators who will 

build machines in consultation with me via email and phone. This creates 

an opportunity to forge a new methodology for “distance collaboration”; 

engaging prototype design activities on both sides of the Atlantic. By 

syncing physical and virtual activities I hope to show how bi-directional 

flows of expertise and experience can enhance the development process. If 

successful this methodological innovation will create an exciting 

contribution to both STS and development scholarship. 
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The NSF grant was funded in February, 2015. I had allocated about a third of the money 

for travel expenses—housing, transportation, visa fees—under the assumption that an 

institute-wide travel ban placed on West African nations during the Ebola epidemic 

would be eventually lifted, but winter turned to spring and the ban remained in place.  

The indefinite travel ban eventually got a reevaluation date: the end of May, 2015. It was 

close, but still possible if I lined up travel plans so that I was ready to pack up and fly out 

to Kumasi as soon as the ban was lifted. However, as May turned to June, and June to 

July, with no word from the administration and time running out, I decided my “distance 

collaboration” plan b was the only way forward. My reasoning here was twofold: first, 

the realities of when I needed to close off data collection and start writing my dissertation 

in earnest was fast approaching. Second, by not spending money on moving, feeding, and 

sheltering my body around the world it freed up significant funds that could go to 

supplies and tools to build machines.  

Distance collaboration would obviously be impossible without someone to collaborate 

with, and while Afriyie-Siaw had been invaluable as a collaborator thus far, she had a 

much larger job that encompassed daily responsibilities beyond the vending machine. We 

needed someone who could either dedicate most of their time to the vending machine or 

knew someone who would. We turned instead to Jorge Appiah, a professor of social 

entrepreneurship at KNUST and founder of the Creativity Group, a hacker and maker 

space for undergraduate students. Creativity Group’s stated vision, “To create a platform 

for student participation in national development through social intervention and 

appropriate technology and innovations” (Creativity Group 2015) seemed compatible 

with the project and distributed risk appropriately so that if this initial project failed to 

produce a working business the worst that might happen is a bad grade, but if it 

succeeded some young KNUST graduates would make a living.  

Appiah had met with Baker when he was building his prototype (Figure 8) and was 

interested in the project. Appiah quickly set about finding students in the Creativity 

Group that would be interested in turning the project into a business. Appiah would still 

be there to train and guide the students, and Jorge and I would keep in close contact to 
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coordinate. The NSF money would go towards setting up a little workshop to make the 

vending machines. Appiah invoiced me for all of the materials I had listed in my NSF 

application and within a few weeks he had a team assembled with the money in hand. 

From Appiah: 

Congrats on your success in securing funding for the condom vending 

machine.  I have spoken with a couple of our students and members of 

Creativity Group and they are interested in working with you on this. Let 

me introduce them (all copied).  

Daniel Nomostu is a 3rd year mechanical Engineering student and he has 

accepted to be the lead on this project.  

He will be supported by Michael Afrifa who is the Head of technology 

and technical lead of Creativity Group. He has a very strong mechanical 

and electronics background.  

Lastly, is Philip Edem who is our mechanical engineering lab technician.  

Emmanuel Acheampong who previously worked with your group on your 

last trip who be playing the role of supporting member to the team. But we 

are looking forward to adding one Electrical and Electronic engineering 

student joining the team. I will introduce him if he does. 

 

Figure 8 | Photo Credit: Ron Eglash 
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As of this writing, there is a corner of the Creativity Group’s maker space devoted to the 

OSCVM. There is a 3D printer to make gears and cams, some sheet metal, wood, and a 

laser cutter is on order. I was surprised to hear Appiah say that they were looking to get 

electronic coin mechanisms that could detect the wrong coin. The RPI team had been 

trying to find cheaper coin mechanisms or schematics for mechanisms with easier-to-

make components, but the team in Ghana had decided that what was needed were 

actually more complicated coin mechanisms that needed electricity. The electronic coin 

mechanisms were able to detect and reject incorrect or counterfeit coins, which was never 

a problem we ran into, but Daniel insisted it was an issue.  

While what constitutes appropriate design continues to change, the commitment to open 

source seems to be stable. When I asked Appiah what his students thought about open 

source (I would ask them myself but it was never possible to get all of them together 

around a broadband internet connection for a Skype call) Appiah said:  

they appreciate the importance of open source and what it can do for our 

character. especially in a place like Ghana where we lag behind in lots of 

things. open source provides the opportunity for knowledge sharing and 

technology. … instead of waiting for one big company to scale up to cover 

the whole of Africa, which is difficult to accomplish, with open source it 

can just spring up in lots of places. … For example, there was a project we 

were working on, on the recycling of e-waste and the best way we could 

go was to keep it open source so that this local company [could] build 

their … faster so they design everything simple and cheap for them to later 

scale up.  

Appiah is describing what is probably my favorite characteristic of open source and what 

I hoped open source would do for the condom vending machine system: low barriers to 

adoption with the possibility of one idea “springing up in lots of places.” It is still unclear 

if this will happen—The Creativity Group is still the only organization building vending 

machines—but there is still room for optimism. Appiah is continuing to look for grants, 

and his students will spend the summer of 2016 putting together a business model. 
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MESH NETWORKING 
It is difficult to describe the entirety of this project for two reasons. First, because its 

borders are exceedingly porous both in geographic and conceptual terms. Building the 

Wi-Fi network was part and parcel with another larger “Found Art in North Central 

Troy” project that filled empty lots with art and architecture made from locally-sourced 

materials. Second, the challenges we faced in building out the Wi-Fi network were as 

diffuse and ephemeral as the Internet connection we were trying to establish. 

The Sanctuary for Independent Media is an independent venue and production studio that 

is home to the Media Alliance, a media-making nonprofit that has been operating for 

nearly forty years. Media Alliance has operated in many forms, with different leadership 

structures, and has had several homes in New York until 2005 when Branda and Steve 

took the reins and settled into an old church on a mostly residential street in North 

Central Troy. It has a small yard with old pine trees and flowering bushes that make it 

stand out next to the brick row houses that come all the way up to the sidewalk. In the 

summer of 2014 a mural was painted on the front, replacing the stoic brown and beige 

with a bright collage of suns, trees, and quotes by the likes of Audre Lorde, Paulo Freire, 

and W.E.B. Du Bois. The back of the Sanctuary abuts a parking lot for a fried chicken 

shop and a recycling center. There is also a recently-built covered and gated outdoor 

patio for the summer months that you can barely see into if you stand on the small 

wooden deck that leads to the back door.  

If you turn your gaze upward, to the very peak of the Sanctuary’s steeply pitched roof, 

you’ll see a tiny white antenna mounted on a heavy metal pole. A tiny blue wire is visible 

from the bottom of the antenna, which snakes down the pole and in between the slats of a 

vent that leads to the attic crawlspace. From there, the wire joins a few other cables as 

they all cascade down a supply closet and through the floor until they end in a smaller 

closet in the basement that contains a server, a modem, a few recycling bins, a mop, 

phone and data switches, tons of wires, and some extra paper towels (Figure 9). This 

closet opens up into a full kitchen that has large commercial coffee makers, a 3-bin 

commercial sink, stocked refrigerator and chest freezer, a gas stove, and counter space 

that opens up into a little bar window where lunch for volunteers is usually served.  
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If you volunteer at the Sanctuary, you are almost always in the basement. Not only is that 

where you are fed, but it is also the only part of the Sanctuary that has regularly running 

heat in the winter and remains basement-cool in the summer. A large multipurpose room 

that serves as offices, meeting space, and editing suite, dominates this subterranean back 

stage. There is a smattering of desks covered in paper, a large wooden table, and some 

couches oriented toward a projector hanging from the ceiling. A quick glance around the 

room will also reveal a rack of external hard drives, a line of pale yellow lockers, 

mailboxes, posters and pictures from past performances, a couple of white boards, and an 

Emmy for Perry Como’s Christmas Special. Around the corner are the sound and video 

mixing bays that handle the 3-camera HD live video stream that the Sanctuary produces 

for every event they hold. 

 

Figure 9 
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Events happen on the ground floor upstairs, which is dominated by the performance hall 

that seats a little over a hundred people in approximately 1500 square feet. The stage has 

a donated baby grand piano, a small lectern, and a screen for films. To the left of the 

stage are beautiful wood and stained glass doors that lead into a small gallery, a 

bathroom, a low power FM radio station’s soundproof booth, and a space to serve food 

during community potlucks and catered events. Every single square foot of space in the 

building is put to use in some way, and usually in multiple ways.  

The Sanctuary relies on a wide and diverse network of volunteers, but at the center (not 

necessarily at the top) of the organization are Branda Miller and Steve Pierce: a married 

couple that runs the umbrella nonprofit organization Media Alliance. Media Alliance was 

founded in 1977 to support arts and media that did not seem to find a home anywhere 

else. Steve is the only paid employee; as Executive Director he oversees day-to-day 

operations and can often be found behind the mixer during an event. He holds a PhD 

from my department, which he earned in 2002, and sometimes serves as an adjunct 

professor at RPI. Steve has a sort of dedication to his work at the Sanctuary that can only 

come from decades of frustration with larger organizations. In some of my early 

interactions with Steve he described the Troy city government as having a “pervasive 

can’t-do attitude.” He is disarmingly funny but is not afraid of confrontation, especially 

when it comes to nipping pessimism in the bud.  

Branda’s formal title is Arts and Education Coordinator. She is a whirlwind of energy. A 

slow day at the Sanctuary for Branda (which might come after teaching a class at RPI) 

generally includes giving a tour of the entire block (where they have several outdoor 

event spaces and public art projects) to potential donors and out of town visitors, holding 

a brief meeting to nail down the particulars of an upcoming show, teaching a 

volunteering grad student how to update their web site, helping prepare lunch, and 

organizing half a dozen middle school students to film the whole thing.  

The Sanctuary has an infectious, eclectic energy that rubs off on just about everyone. 

Branda and Steve set the tone, but there is definitely something about the atmosphere of 

the Sanctuary that is greater than the sum of its most central participants. There is so 
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much going on that jumping on to a project picks you up and carries you forward under 

its own momentum. There is a wide range of reactions to this sort of environment—

everything from flourishing to burn out—with too many contingent factors to say why 

any one person reacts the way that they do.  It is safe to say, however, that any extended 

interaction with the Sanctuary is bound to be life changing. 

My first interaction with the Sanctuary was as an audience member. Their season event 

schedule could usually be found on a bulletin board in my department and the names of 

authors and reporters like James Howard Kunstler, Jeremy Scahill, Igor Vamos (aka 

Mike Bonanno of the Yes Men), and the president of the New York Civil Liberties Union 

Susan Herman always jumped out at me. The Sanctuary also served as a sort of de-facto 

meeting hall for the Capital Region's radical community. It hosted a panel on "The 

Weather Underground Meets Occupy" where a colleague of mine, Dan Lyles, joined 

older activists to talk about the unique obstacles of American activism over the decades. 

My first collaboration with the Sanctuary was in the summer of 2012 when they hosted 

the plenary panel for a conference I organized called Technoscience as Activism. The 

panel consisted of Sara Wylie, Shannon Dosemagen, and Mathew Lippincott, 

all members of the Public Laboratories for Open Technology and Science (PLOTS) who 

work to increase the ability of under-served communities to identify, redress, remediate, 

and create awareness and accountability around environmental concerns. 

Later that summer Branda and I talked about our mutual excitement over a chapter in The 

Future of Media (McChesney, Newman, and Scott 2005) written by Sascha D. Meinrath 

called “Wirelessing the World: The Battle over (Community) Wireless Networks” 

(Meinrath 2005). In the chapter Meinrath warns that not only are a handful of very large 

corporations consolidating their control over the standards of wireless networking, but 

such standards will eventually make it nearly impossible for anyone but large 

corporations to participate in innovating and governing these technologies. He proposes 

an alternative system that relies on a “mesh” configuration that, at the time of writing, 

was being developed at (among other places) the Urbana-Champaign Independent Media 

Center. Meinrath writes: 
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Mesh wireless systems offering multiple points of connection to the 

network can be built without a central tower. They connect to the larger 

Internet, not with a single tower, but with multiple points of wired 

connection at various points in the mesh. This arrangement dramatically 

reduces vulnerability to network failures. … Mesh networks are easily 

expandable at very low cost. … Mesh systems lower congestion, increase 

coverage, and are substantially less expensive to deploy and maintain than 

other wireless communication systems. (2005, 232)  

A cheap and resilient technology with democratic potential was enticing to Branda, 

Steve, and I. We not only saw this as an opportunity to provide an important utility for 

free, but as a statement about access to IT services in Troy specifically. Less than a year 

ago there had been a very heated public debate within Troy city government about 

renewing their cable contract with Time Warner Cable. When cities grant local 

monopolies on right-of-ways for running cable or telephone lines, they often negotiate for 

public goods like community centers and public access television. Troy had never 

negotiated for such amenities in the past and the most recent negotiation failed to yield 

those services as well. It seemed only appropriate that we commit what Meinrath in a 

2013 speech would call “electromagnetic jaywalking writ-large.” That is, committing 

very small infractions in legal grey areas that add up to a substantial benefit to 

communities. 

The two big categories of technology that the Sanctuary was looking to invest in—urban 

design and digital technology—when they are at their best, exhibit humans’ ability to 

build things that demonstrate their commitment to one-another. This is not to say that 

such demonstrations are always magnanimous, egalitarian, or even civil: the design of 

street furniture that is intentionally uncomfortable or somehow less useful to the 

homeless is, in my estimation, a singly evil invention whose only positive attribute is its 

ability to act as avatar for our society’s collective hatred of the homeless. By merely 

existing, spikes on overpasses and bus benches with bars in the middle are tactile 

reminders of how too many of us see homelessness as a permanent nuisance (the fact that 

these countermeasures are built in concrete and metal suggests a kind of long time 
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horizon) and not a readily solvable problem (we have more vacant buildings in the United 

States than we have homeless people). 

The same goes for digital technologies, especially the Internet. This globe-spanning 

communication network shows both the tremendous potential for creativity that all 

humans possess if given the opportunity, and the lengths to which capital and its 

guardians will go to make sure this latent ability can be monetized, if not directly 

exploited. While the Internet (or any other technology) does not hold the ability to 

fundamentally fix social problems simply by being utilized, the affordances of digital 

networks lend themselves to post- if not anti-capitalist thinking (Srnicek and Williams 

2015; Mason 2016). They force many of the contradictions of capitalism that Marx 

identified to near-breaking: monopolies have formed in the past 20 years to deal with the 

plummeting costs of production, and yet there are ever increasing opportunities for 

groups of individuals to carve out a small portion of a network for their own purposes. 

Like the peasants at the edge of a lord’s estate, people have been knitting together 

complex networks of production and distribution that have more in common with gift 

economies than capitalist commodity markets (Srnicek and Williams 2015). I wanted to 

help build a commons in the small city I lived in.  

It is important to pause here and consider some of the race and class issues that the 

Sanctuary is cognizant of, but has yet to find the most productive way to challenge. Their 

decision to setup shop in one of the most economically depressed neighborhoods in the 

state was the beginning of a long learning process for Branda and Steve. Branda and 

Steve themselves have told me that volunteers who worked in the Sanctuary for longer 

than I had at the time, had given them stern criticism about the structure of their 

organization; the predominantly liberal, aging, middle-class, and white audience that they 

draw; and the programming that they choose, which is both a result of and a precipitating 

factor in their organization and audience diversity. 

The Sanctuary is in the unenviable position of trying to not just please but be 

substantively helpful and meaningful to several overlapping, but at times contradictory, 

conceptions of community. Community itself is both a unifying and a dividing force. 
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“Establishing the ‘we’ of community inevitably generates a corresponding ‘they’ or 

‘other’” (Lamble 2016, 107). There is obviously the geographically defined community 

of North Central Troy; the Indy Media Community of activists, artists, and journalists 

that the Sanctuary is both indebted to and a substantial contributor to; and a sort of in-

between community of New York Capital Region activists, scholars, journalists, artists, 

and community organizers who circulate through the various organizations on the block 

and other supporting organizations like RPI, the New York State Council of the Arts, and 

the constellation of informal and formal organizations of activists that coalesced in the 

wake of the Occupy movement. All of these groups deserve and expect different things 

from the Sanctuary, and many of them have particular ideas about what activism, art, and 

empowerment look like. 

Sorting out which community the Sanctuary serves first and foremost is an impossible 

task, and most likely a futile one. As the proceeding chapters will show, organizations 

like the Sanctuary are caught in the difficult position of showing specific kinds of gains 

to funding organizations while knowing that deeper, more structural change is not 

measurable in dollars spent, lots refurbished, or children enrolled in programs. Moreover, 

the sort of tight-knit communities that work seamlessly together and get a lot done are 

also the most exclusionary. As Iris Marion Young observed, “the desire for community 

relies on the same desire for social wholeness and identification that underlies racism and 

ethnic chauvinism, on the one hand, and political sectarianism on the other” (Young 

1986; as quoted in Lamble 2016, 107–108). The Sanctuary cannot be everything to 

everyone and so they do the best they can and learn along the way.  

Each community that intersects with the Sanctuary interfaces with it in a different way, 

but these boundaries are constantly being challenged and experimented with. In the 

incarnation I saw during my fieldwork, most of the geographically-defined community 

members were children that participated in summer educational and artistic activities. 

The audiences for their shows, lectures, and performances typically pulled from a more 

overtly left-leaning community that (judging from the parking situation around the 

Sanctuary during these events) drove in from the surrounding area. Finally, there was an 

international community of high-profile artists, journalists, activists, and scholars that 
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knew Branda and Steve, served on their board of directors, and would be a part of their 

fall and spring schedules.  

I never saw the Sanctuary’s financial records, but it seemed clear to me that Branda and 

Steve were adept at leveraging their connections to raise the Sanctuary’s profile among 

their well-off audience members who would, in turn, provide the necessary funds or 

connections to support the educational work that was primarily aimed at the 

neighborhood’s children.  

The Sanctuary itself, because of its intricate and diverse sets of resources and affiliated 

individuals, acted as a kind of commons. Commons are not the sites of tragedy and abuse 

that they are often described as. They were fairly well organized social structures that 

maintained complex credit and debt ledgers to make sure that everyone got more or less 

what they needed while keeping enough resources intact for future use (Cox 1985; 

Graeber 2011b; D. A. Banks Forthcoming). This dissertation covers the workings of 

commons in chapter 4 but it suffices to say for now that the commons, as an 

organizational model, is a very robust way of organizing work and resources, but it is 

also a very fragile one. It is susceptible to outside interference and, as happened with the 

actually existing English commons of the pre-industrial era, it can easily be enclosed and 

banished. I was counting on the fact that building a commons within a capitalist society 

might mean that it would be more resilient to enclosure because it’s very coming into 

existence meant that it had to be on an offensive footing. What that actually looked like, I 

was not totally sure. 

What I was fairly certain about was that people would like it when they experienced it. I 

had just participated in the collective decision-making and resource governance of the 

Occupy movement and saw how one’s exposure to direct democracy seemed to make that 

person crave it more. A democratically controlled Wi-Fi network seemed like low-

hanging fruit since no one I ever met actually liked the company that they bought internet 

from, and so much about the Internet, from the way it is administered to the sorts of 

content it hosts, seems amenable to less hierarchical and more democratic forms of 

governance.  
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My initial plan was to use Internet access as a means of generating an alternative, local 

currency. My thinking went: if I could convince several neighborhood organizations to 

share their internet access using a special set of (open source, free) software and cheap 

hardware they could then issue minutes or hours of access in exchange for work in their 

organizations. A community garden could pay otherwise uninterested teenagers in hours 

of internet access, or a church could raffle off a month’s worth of access to raise money. 

Most importantly (to my research interests), the network itself would be administered by 

people who used it to get online themselves. In this way the whole system would become 

what anthropologist Chris Kelty calls a “recursive public” (Kelty 2008).  

That idea eventually died for good reasons: my committee member and dedicated activist 

Dr. Virginia Eubanks, revealed a severe economic and moral miscalculation that I had 

made. My monthly cable internet bill is about $66. Even at this higher-than-average rate, 

if these organizations paid workers one hour of Internet access for one hour of work, that 

would be the hourly wage equivalent of about eight cents ($66 divided into the 744 hours 

in a month). If organizations wanted to pay a day of Internet access per hour of work (still 

only the equivalent of about $2 an hour) then workers would quickly gather up enough 

Internet access that they would have an effective life-time supply after a summer’s worth 

of steady work. The Wi-Fi currency would either have to be near-worthless to maintain 

the kind of steady work needed to keep the system going. 

But even if these numbers worked out, there was an issue with offering a currency that 

could only buy one thing. Not only is that not how currencies usually work (Graeber 

2011b), it just seems plain wrong that I can have a manageable amount of money 

automatically deducted from my bank account every month while someone poorer than 

me has to work a second job just to gain access to something that many places give away 

for free.  

It was with that realization that I redoubled my dedication to building the Wi-Fi network 

for its own sake. I banked on the proposition that this free Wi-Fi was not just a useful 

resource that should be held in common, but that the common holding itself could 

produce some unique opportunities. Similar projects that I had read up on and followed 
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were centered around giving young people a chance to teach each other system 

administration—an increasingly important skill set for a decent paying job—but I wanted 

to make something that demonstrated the tangible benefits of building and administering 

the Internet in a democratic way. The network would not only provide a useful service for 

free, it would prove that alternative institutions that stood outside of corporate-provided 

Internet and municipal services are not only possible, but actually provide some services 

that states and corporations could not, either because of economic infeasibility or 

administrative overhead. 

For example, there are a lot of unique opportunities that come with a locally-administered 

network that, while connecting to the larger Internet, are also capable of serving up local 

content that is only accessible to people connected to the public Wi-Fi. The Sanctuary, 

for example, could leverage the Wi-Fi network into a kind of public access television 

station. Video held on local servers and delivered through the local network could stream 

much faster and in higher quality than any YouTube video on a standard residential 

Internet connection. Communities could also share and map data for themselves, but not 

necessarily on the sort of public stage that the Internet imposes.  

I started working in the Sanctuary on a weekly basis in September, 2012. The first week 

we had a fairly long meeting at the big wooden table that dominates the basement. This 

table is the Sanctuary in a microcosm: it looks like it belongs in a Brooklyn artist's loft. 

Paint splotches replace the worn-down varnish, and dozens of pieces of paper are wedged 

under the feet of the table to keep it from rocking. The table maintains an ambient level 

of old papers and surge protectors that give you the sense that no one has seen the entire 

table in quite a few years. As I sit down, Branda and Steve are having tea and finishing 

up a tense conversation. They are concerned that the printer is late with their Fall 

schedule pamphlets. The first event is only two weeks away and they have no print 

material for dissemination. 

Our meeting covers a wide range of topics, from philosophical reasons for an 

independent media house in the twenty-first century providing free Internet, to the very 

specific questions posed to us by potential allies and supporters we would have to answer 
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to set up the Wi-Fi network. Steve brings up the point that whenever he talks about their 

plans for free Wi-Fi, their friends inevitably ask the same questions about whether or not 

they are concerned that someone would use their network to buy drugs or watch 

pornography. Steve confidently stated that his response to such concerns was to point out 

the classism inherent in the question: “Why should only rich people be able to have 

porn?”  

The next week we have a brief phone conversation with Andy Gunn, who is described to 

me as an independent media activist from Detroit that Steve has met several times at 

conferences and meetings. It is only later that I find out that Andy is a field engineer for 

The Open Technology Institute (OTI), the branch of the New America Foundation that 

Meinrath founded to continue the work he started in Urbana-Champagne and develop the 

technology that became Commotion Wireless. Before Steve puts Andy on speaker phone 

he begins the conversation by saying: "Is now a bad time to call? I can call you when it’s 

worse! You made a reckless offer to tell me how your wireless project was going, and 

now I actually want to hear about it."  This is an excellent example of Steve's constant, 

dry wit. It is hilarious and completely disarming. Soon Andrew, Steve, Branda, and I are 

speaking to Andy over the speakerphone at the big wooden table.  

Branda and Steve explain that they have a router that is part of a system called 

OpenMesh, which bills itself as a “modular” system that makes it easy to expand a Wi-Fi 

network in a large building.  We ask if this system could be expanded to the level of an 

entire block the way Meinrath described in his book chapter. Andy says that the routers 

we have chosen are "decent" but not the best choice for outdoor applications. He also 

says the bundled software for administrating the network lacks some necessary advanced 

features. He does not go into specifics, but Steve seems to implicitly trust Andy's 

assessment. OpenMesh will "probably work" says Andy, but there would need to be one 

router in almost every house for it to work reliably.   

Andy recommends a few hardware and software solutions, the main one being OTI’s own 

Commotion Wireless. He then quickly switches to discussing intent and programming: 

"You might want to set up an initial connection to demonstrate how it works. It is easier 
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to get others to participate that way." We all agree that this is an excellent suggestion and 

something we had already considered. He also suggests, "leveraging the splash page" to 

demonstrate the intent of the network. The splash page is the screen that comes up when 

you connect to a public Wi-Fi network, usually in an airport or university, that requests 

that you to agree to a terms of service or buy extra bandwidth. "[You can] make it clear 

that the Internet is just one of many things that this network connection offers." Andy 

suggests the Sanctuary advertise its videos and come up with other tools and resources 

that the network could provide. He agrees to send us some more documentation, technical 

as well as programmatic, that will be applicable to our project. We also agree to have a 

follow-up phone conversation next week at the same time.  

In the intervening days I look into the basics of Commotion wireless. At its most basic, 

Commotion is software that can be uploaded to smartphones, computers, and routers to 

help share an Internet connection. The software is developed primarily by engineers 

working at OTI, but because it is an open source project there are many people from 

around the world that contribute code, documentation, and practical installation advice. A 

typical mesh network powered by Commotion works as follows: 

Person A has a typical Internet connection provided by a corporate Internet Service 

Provider (ISP) and would like to share it with the rest of their block. This person installs a 

dedicated Commotion router that broadcasts this connection using a “backhaul” signal. 

This backhaul signal is not usable by computers and smartphones the way a typical Wi-Fi 

connection is. Instead the backhaul signal is detectable by other routers running 

Commotion, which use it to build the mesh. Person B, who has no personal internet 

connection but wants to take advantage of Person A’s Internet connection, can set up a 

router to receive the backhaul signal and then pass it along to another router that will act 

as an access point (AP) for computers, smartphones, and other devices. Person C, who 

has another Internet connection from an ISP, can also hop onto the mesh network and 

share bandwidth, thus increasing the overall speed of traffic on the network. The 

Commotion Wireless FAQ describes it this way:  
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You can certainly share Internet access using Commotion, though we 

recommend that you consult the Terms of Service from your ISP. All that 

is required is to connect a router with Commotion installed to an existing 

Internet connection to provide an Internet gateway. The Commotion router 

will share bandwidth with other devices on the mesh network from that 

connection. Multiple routers can be used to do this on a mesh network to 

provide multiple gateways and additional bandwidth, (Commotion 

Wireless 2016b) 

Figure 10 is OTI’s diagram showing a similar connection setup: 

 

Figure 10 | (Commotion Wireless 2016a) 

At Branda’s suggestion, I prepared for our next phone call with Andy by coming up with 

a mix of pragmatic technical and organizational questions that ranged from cable 

selection ("Do we need Heliax or LMR-400? Does it even matter?") to community 

participation (“Is it better to go door-to-door, advertise a community meeting, or both? If 

both, which do you do first? What are the draw-backs for ‘just doing it?’”). Steve and I 

go over the questions but, in the end, we get too distracted by the various other projects 
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that are constantly coming up and we miss our window to talk to Andy. We end up 

emailing him our questions and he gives us a parts list and some instructions on how to 

mount an outdoor antenna. 

September and October fly by as I research the basics of Wi-Fi deployment and start to 

understand the idiosyncrasies of the Sanctuary’s existing network. I am also tasked with 

looking for more grant funding that will support the Wi-Fi project directly since the 

grants for the public spaces were written before we started talking about the Wi-Fi 

network. The grant proposal I put together reads, in part, 

The objective of the project is to provide wireless for a square city block 

and then engage in a series of community design meetings wherein 

content distribution methods and collaboration tools will be developed. 

The initial stages of the project will serve as an intellectual framework to 

investigate how a community wireless project can employ creativity and 

technology to empower communications and share local information in 

economically disadvantaged neighborhoods. 

In writing the grant, Branda and I have several conversations about participatory methods 

and, while she seems receptive to these concepts, she is always anxious to get started. Her 

and Steve’s anxiousness is understandable: by early November we have ordered some 

routers and I am trying to understand the software, but the weather is starting to get cold 

and our window for working outside is closing. If we are going to install anything we will 

have to do it soon. Andy gives us a full parts list and some instructions for installing the 

Commotion firmware onto the routers. As the semester wraps up, I start to identify 

locations for the router but get some bad news; we were not awarded the grant. 

The Commotion software was still in alpha—very early public testing—when we first 

started working on the project. This made everything that much more difficult because as 

I tried to learn the ins and outs of the software the software would act erratically, making 

it difficult to understand if I had done something wrong or if it was a bug in the software. 

I knew I was in over my head so Steve, Branda, and I asked Jim Welch, the long-time 

volunteer who had originally installed the Sanctuary’s internal network and who had a 
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background in computer science, to help us out. Jim was also the head of the local 

Working Families Party, which meant that our conversations were either about confusing 

software or confusing local politics, and both were spoken of with heavy doses of 

frustration. 

Jim was more comfortable with command lines than graphic user interfaces and I was the 

opposite. This made it extremely difficult to both keep track of what Jim was doing and 

learn how to configure the network on my own. I would often ask him to explain what he 

had done and he would have a hard time articulating exactly what he had “told the router 

to do” and by the time we had reached an understanding the router started doing 

something else. 

It was only after the people at OTI, including Andy, updated the firmware that we 

suddenly had a router that worked more often than not. On November 27, 2012 I climbed 

up into a utility closet that sat a floor above the network cabinet / broom closet / recycling 

bin storage room. We fed a network cable through an existing cable wall installation and 

mounted the radio in what we both agreed was a temporary location on the exterior north 

side of the Sanctuary. The location was not ideal, since the neighboring building and the 

rest of the sanctuary blocked the signal. The network connection was available out in the 

street and in the Sanctuary itself but did not reach to where we really needed it: Freedom 

Square. 

It was still exciting to have the antenna working at all, so I sent the following email to 

Branda and Steve who had not been at the Sanctuary that day: 

Excellent news! I am writing this from my car across 6th in front of the 

sanctuary. Jim and I installed the radio in a temporary location on the 

north wall of the sanctuary. One can get signal by the parking lot of 

freedom square as well! 

Hooray! 

The next month, construction documents were written up for Freedom Square, which 

meant most of the Sanctuary’s collective attention turned toward planning the phases of 
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construction and negotiating with the city for building permits. I spent the rest of the year 

looking for more grants and fiddling with second router that was not mounted on the 

outside of the Sanctuary. 

Early in the fall of 2013, I sent Branda and Steve an email summarizing the work thus 

far, immediately after sitting in on a conference call with OTI staff. 

The meeting went really well. I'm gonna type a lot here, mostly for my 

own edification but I thought it'd be useful to you as well. The take-away 

here though, is that Andy and a couple others are happy to provide some 

remote assistance and sort of a "first look" at draft documentation that'll 

help set up a wireless node and trouble-shoot it when something goes 

wrong. They'll help us set up a training workshop and help organizing a 

group of community network administrators --the "digital stewards 

program"-- much later. But they'll be very helpful (from afar) in setting up 

our first node or two. I'll come in late this week (I'm booked with RPI-

related duties until then) to get back on those routers so I better understand 

how they're configured and then go find a way to put that thing up higher 

on the building. Last crucial bit before you save this email for later- would 

either of you mind (to the extent that you are able) doing an independent 

study with an undergrad that could do network administration? We'd bring 

him on for credit over the Fall. 

Some more details: I've been hesitant to get up on a ladder and install the 

antennae not just because of a lack of confidence in my own powertools-

on-ladders proficiency, but also because I'm not really confident in what 

Jim and I have cobbled together network-wise. Not at all because I don't 

trust your work Jim, but because the both of aren't as fluent with the admin 

software as we need to be (in my opinion) such that if something goes 

really wrong we may need to access the physical router to do a hard reset. 

I'm also not sure we have the time to dedicate to monitor the network and 

do preventative maintenance. The assurances of remote support and 
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documentation from Andy Gunn helps with that a lot. I knew Andy was 

willing to help us before, but after having him describe where they're at 

with their side of the project makes me feel like that assistance will really 

help with the specific problems we might run into. I'll get more into 

monitoring the network later. 

Also on the call was Georgia Bullen who said OTIs biggest project right 

now (or at least what they've been spending a lot of resources on) has been 

adding functionality and serving content within the network. So the 

specific kind of work that we want to do- building a local content 

distribution and sharing system, community mapping and organizing, and 

story sharing are-- mesh nicely (pun intended) with their own goals. They 

also really want to beef up their video documentation. Without promising 

anything, I said we were well-equipped to help with that and will do our 

best to take video of the process.  

I'd like to phase our network rollout in line with what OTI is capable of 

doing in terms of assistance with setting up an organization of people that 

will be tasked with maintaining the block-wide network (and beyond). I 

think that's the best way to make a quality network that doesn't 

monopolize any one person's time and is democratically run. In other 

words, I think we want the social network to grow at the same rate as the 

technical one. So we'll quickly have one, possibly two nodes working and 

I'd definitely like to have at least one collaborative design workshop by 

October. (I have a conference presentation that I need to show some work 

for, which is by no means driving my project but it would be embarrassing 

to have anything less to share.) 

Greta Byrum (the third person from OTI on the conference call) said they 

usually have 3 components to any Digital Stewards program: People with 

tech skills, organizing, and a "handyperson" (someone that's good at 

climbing tall ladders, etc.) I think we can get the last two between Missing 
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Link [A church across the street] and TBR but the tech person needs to 

have a better fluency in these sorts of WiFi networks than Jim and I have. 

The OTI team suggested that with the digital stewards program we find an 

RPI student that might want to learn about alternative network 

management and open source programming. They would have the ideal 

mix of project commitment and network fluency that would keep the 

network running while letting us experiment and expand it. I'll ask Ron if 

he can put his feelers out for someone that might do an independent study 

with us? Would either of you be willing to sponsor that? If not, maybe I 

could convince Ron to do it. 

Finally, in terms of funding, I was thinking of revisiting Surdna and also 

looking into "Transmission Arts" related grants.  

The only other major advancement that took place that Fall was moving the router from 

its test location on the side of the Sanctuary to up in the attic at the front of the building. I 

had been taking a class in the arts department called “Hacktivism” and the professor, Igor 

Vamos (who is also a member of the Sanctuary’s Board of Directors), was excited by the 

prospect of doing a kind of Wi-Fi barn raising. We agree to take the whole class to the 

Sanctuary on November 19th to move the router into the attic while some students work 

on a splash page design and others research what other communities had done with their 

Commotion network. At 6PM sharp, everyone piles into 3 cars and drives the 5 minutes 

from campus to the Sanctuary. There we meet Branda, Steve, Jim, and two teenage 

volunteers that I had seen around the sanctuary for most of the summer named Brooklyn 

and Arman. There is also a Social Entrepreneurship class from the management school 

that I was not expecting to see. I find out later that Igor and Branda arranged for the class 

to come about 2 days ago but no one told me. Some of the management class jumps into 

the project, although a lot of them sit on the margins on their phones or talk to one 

another.  

A lot of the students help out with cooking in the kitchen for the shared dinner we have 

planned. After a tour of the block led by Branda and Steve we come back into the 
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sanctuary and break out into groups. Jim notices that it is difficult to get the students 

motivated because the new firmware recently released by OTI works a lot better than the 

much buggier software we had wrestled with last year. I ask the undergrads, who have 

only just been introduced to the Commotion software, how difficult it seems to build a 

whole mesh and they say it does not look hard at all. This sounds good, but for some 

reason rings hollow. They are assuming perfect conditions, although I also cannot think 

of a way, in the moment, to put their assertions to the test. We are working late and the 

bike shop and church across the street are closed.  

The two other graduate students who are there that night (Ellen from my department and 

Brett from Arts) help me with the antennae installation. We run the Ethernet cable up 

through the attic and mount the antennae so that it pokes out from the vent at the front of 

the sanctuary. Wi-Fi coverage seems to go almost to the community garden to the south, 

but north is very short, which means we still cannot get to Freedom Square. The 

debriefing dinner consists of the professors, Branda, Steve, Igor, and the social 

entrepreneurship professor whom I do not know starting a debate about liability. As Steve 

predicted, many saw the totally open Internet connection as an existential threat to the 

project, especially the social entrepreneurship professor. “You asked for the opinion of 

social entrepreneurship” she stated firmly, “and I'm saying look at the rules." 

Steve shoots back "There's probably more illegal activity happening on the RPI network." 

Branda brings up digital divide issues. RPI could be using their fast Internet connection 

for public good, but the campus does not host a guest network of any kind. Igor notes that 

tonight’s small success does not guarantee future progress: “We stuck an antenna up in 

the attic. We didn't do much else. Who can help make this work as a repeatable thing?” 

It is a question that never quite gets answered. Over the holidays and into 2014 the 

project stalls again. On New Year’s Eve OTI releases their first “version 1” software. It is 

a lot more stable but I still have problems keeping it broadcasting a signal and providing 

a gateway to the Internet. As winter turned to spring, I got caught up in other projects but 

would visit from time to time. Each time I showed up the router was working a little 

differently. This was strange, as no one told me anyone else was working on the project 
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and the releases had made the variety of things that could go wrong much smaller.  One 

day in late spring I arrived, connected to Troy Community Wireless, and was greeted by 

a brand new (to me) custom splash page.  I asked around the Sanctuary for who had done 

this and find out that an undergrad had been coming into the Sanctuary on a regular basis 

to design a splash page and an entire software suite that had an interactive map with 

information about all of the public spaces that were now fully constructed on the block. 

He had not come back to the Sanctuary since finishing his project. 

At first this was frustrating because I still felt territorial about the project, but ultimately 

this looked like the beginning of what I ultimately wanted: other people taking up the 

work of putting the network together in an organized fashion. I got the student’s contact 

information and was able to get in touch with him over email. I learned that he had 

started volunteering for the Sanctuary as part of his public service internship class that 

Steve was teaching and had never heard of me. I asked him (over email) to “describe the 

process of designing the web components like the map and the splash page. How were 

the project's goals described to you? What was the intended audience?” He answered that 

the intended audience was “people who visited the Media Sanctuary website or for 

people who were visiting the physical location itself.” When I asked him if he worked at 

all with members of the North Central community he said “no, not really.” He said he 

mostly worked with Steve and got feedback from a few other Sanctuary members as he 

worked.  

This was disappointing to me, but I understood it as a different way of eventually getting 

to community participation, albeit one I disagreed with. I decided that this was a good 

reason to double down and really start expanding the network past the Sanctuary. The 

software has gotten much better, and I now felt confident that if I were to ask for 

someone else’s time they would get something reliable in return. I decide at the end of 

September that it is time to ask Troy Bike Rescue if they would be willing to expand the 

network by hosting a router on their building. Andrew Lynn responded, asking for a 

breakdown of risks and benefits that TBR might incur. He also expressed concern that the 

Internet connection would be over-burdened with video streaming. 
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I went to the Sanctuary to obtain the second router and confer with Jim, Branda, and 

Steve about what we should say. To my surprise they had taken the second router and 

installed it on a tall poll on their roof. They had brief access to a cherry picker when they 

repainted the Sanctuary and used it to install the second antenna. The signal reached all 

the way to the newly erected stage of Freedom Square. I emailed Andrew back and said 

that we would have to wait on expanding the network to TBR now that both antennas 

were being used.  

The next week I go back in after reports that ever since the second router was mounted to 

the roof, both antennas had stopped working and their behavior was more confusing than 

ever. The gateway to the Internet had stopped working again and now we could not reach 

the administration panel. I plugged into the network with a cable and was able to reach 

the router again. From my notes: 

Got into the admin panel. Would only allow a connection from the wired 

connection but for some reason we can’t get to the admin panel from the 

wireless connection. Jim changed a setting thru command line that got us 

to connect via the wired LAN. Now I have to figure out how to allow 

admin connections over the WAN while he gets some soup. 

First I restart the antennae’s firewall and it looks like I’ve undone Jim’s 

work already. Sure enough, Jim goes back to his computer and says “you 

wiped out my rule.” Now he’s going to make the rule “permanent.” 

Doesn’t know which of the two things that he did let me in. Gonna do one 

and then the other. Input WAN rule was changed. 

I change one setting so that the antennae always gives a DHCP lease to 

something connecting. First it lets me connect at all, which is a new 

development. Then it lets me get to the internet which is a big deal, but 

now I can’t get back into the admin panel. 

Suspect what I did give the antennae the same ip address as the main 

router. Jim goes to unplug the main router. Didn’t seem to change much. 
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We then power-cycled the antennae and that gave us a reachable IP 

address. The antennae’s admin panel and the outside internet were 

accessible again. Everything working as wanted.  

This is intentionally left a little confusing, because more than anything, I want to convey 

the muddiness and confusion of the work. I do not understand how my actions translate 

into behavior from the router at all, and Jim is not sure either. We have been working on 

this for nearly two years and, while success always seems just out of reach, we are still no 

closer to understanding how or why the routers crash and even with OTI’s remote support 

we are not getting anywhere. I do not seem to be asking the right questions or am unable 

to relay exactly what is going wrong so that they can help me troubleshoot. I resolve to 

come in early the next day, re-read some of Commotion’s help literature, and try again. 

From my notes: 

Came in and started reading the documentation on the commotion website. 

It didn’t feel like I was learning anything new, but somehow something 

clicked and I was able to get the two routers to mesh. Perhaps it was a 

similar kind of mental “mapping” incompatibility that Jim was describing 

earlier in the week. Whereas he needed to understand these devices 

through a command line, I needed the maps and diagrams to help me 

better understand how a network is structured. Through that understanding 

I was able to do precisely the correct steps in the right order. Again- it’s 

strange because I don’t feel as though I learned new information, or a new 

process, it was more tacit than that. As if I had a “feeling" for the network. 

The two routers were now broadcasting a single, seamless network. I turned them off, 

reset them, and did it again to make sure I definitely had a repeatable process for setting 

up the routers. When I was able to recreate the same success I crawled back into the attic, 

retrieved the router, and walked over to the carriage house halfway down the block to set 

it up there. The carriage house does not have an Internet connection, so this would be a 

way to expand the network but it would all rely on the gateway from the Sanctuary. I got 

up on a ladder, strapped the antenna to the highest point I could find on the carriage 
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house roof, and rebooted the router. Everything worked. I streamed an episode of Star 

Trek: Voyager just to make sure. The stream quality was not perfect, but the connection 

was strong. 

I decided to also buy my own router that is compatible with the Commotion software and 

install it at home so that I can experiment with the more advanced features of the 

software and test updates before I apply them to the Sanctuary. I replaced my home 

router with the same configuration I have at the Sanctuary and it worked flawlessly the 

first time I set it up. 

Over the next month, I did not hear anything from the Sanctuary and assumed the router 

was working just fine, given that I have not had any problems with mine. The hardware is 

only slightly different and the software is exactly the same. I went to the premier 

screening of a documentary at the Sanctuary on November 7, 2014 and the network was 

down again. My notes: 

Saw that TCW [Troy Community Wireless] wasn’t accepting connections 

at the premier. Came back on two days later to check it out but couldn’t 

get into the sanctuary. Tried to access the router from my car and it didn’t 

work. Was able to access the AP at the carriage house though. looked like 

it was working fine but wasn’t getting the gateway connection from the 

SIM AP. Sent an email to jim and steve. Jim said he was able to SSH into 

the AP. 

Came in Friday around noon and found that the problem was persisting. 

First couldn’t get an assigned IP address. Then got one briefly and could 

access the carriage house AP for long enough to enter the root password 

but then it went away.  

I was able to eventually get in and it worked for a little while before going away again. 

After this last frustrating network hiccup I slowly pulled back from working at the 

Sanctuary. My router at home was still working fine with no trouble, but at the Sanctuary 

it kept crashing in new and mysterious ways. The technology as I used it was never 
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reliable enough to warrant asking for other people’s time and no one (including myself) 

could spend the requisite time caring for the network. More than a lack of dedicated 

effort or unpolished software, the mesh network never materialized because of a 

disagreement about method between myself and Branda and Steve. 

ANALYSIS 
Journals and transcripts from interviews and meetings were mined for data that 

corresponded with the sense-making tools, but no formal coding system was utilized. The 

benefits to this approach included open-ended exploration of challenges and successes 

common to both projects and a means of collecting information for both project 

development and more epistemological inquiry. Most of all, it allowed the needed 

flexibility to navigate the significantly different stages of these projects wherein I was 

either in the field or participating remotely.  

ACCESS AND CRITICAL MAKING 
The drawbacks to this method were not insignificant: because undergraduate engineers 

interacted with the projects for varying lengths and in a wide range of capacities, I was 

not able to fully track the impact of participation on undergraduates’ career choices or 

their approach to their work more generally. This information would be an appropriate 

second step in furthering this research so as to ascertain the effectiveness of the iCTP 

methodology and its implications for engineering pedagogy, among other impacts. 

As stated previously, the selection of Kumasi and North Central were largely the result of 

opportunities that presented themselves while I was a graduate student in RPI’s Science 

and Technology Studies department. Such opportunity sampling should not be seen as 

neutral, but rather indicative of the contours of universities’ most proximate connections 

to people and organizations outside of itself. This is important if one is concerned about 

how activist-minded researchers will transform their profession to better serve citizen 

technoscience.  

The OSCVM and Commotion Wireless projects are very different sorts of efforts. They 

required different skills, were made up of different technologies, had different levels and 

modes of funding, and ended with varying degrees of success. This difference is useful 
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because if one is successful in determining any common phenomena across these projects 

there is a fair chance that what has been discovered is itself common if not significant.  

From the perspective of the development of sense-making tools or understanding praxis’ 

relationship to hegemony, the important thing about these field sites is their relative 

marginality from centers of economic and political power. The choice to use both an 

international and very local field site was meant to highlight which parts of my own 

practice are shaped by geographic proximity to my work.  

As Michael Burawoy notes in his discussion of “extended case method” (a method that 

intrigued me early in the formation of this research), rather than look for “representative” 

field sites that offer a portrait of “typical” social process, sociological approaches that are 

based on “intervention, process and theory reconstruction” can often provide greater 

insights towards visions for egalitarian relations based on social justice (Burawoy 1998, 

20). My case studies do not appear to be “representative” of either most open source 

communities, which primarily deal with software and are comprised of people who have 

some kind of coding background; or of common dissertation research, as the 

incompatibilities with institutional bureaucracies I catalog in the next chapter can attest 

to.  

What follows now are not theories per se, rather they are what I am calling sense-making 

tools. They are meant to help nudge post-capitalist praxis towards an epistemology that is 

more emergent and dynamic: one that is sensitized to network effects and the more 

insidious forms of capitalist accumulation. They are also a post-hoc solidification of my 

reasoning as I switched between different critical making frameworks in my iCTP 

methodology. Noticing how a given decision was, for example, not living up to a 

fundamental aspect of recursivity might trigger a more direct intervention in the 

development process. At other points it may seem as though we had brought all the 

requisite resources online and all I had to do was record data and assure that everyone 

was on the same page. It is the function of these sense-making tools to, even if someone 

is not explicitly using the iCTP methodology, help steer praxis towards better outcomes. 

  



 
 
 

91 

CHAPTER 3: CAPITALISM AS AN EMERGENT 

PHENOMENON 
The truth, the truth! There's no truth. These men, they make it up as they 

go along. They're the engineers of the future. They're the real 

revolutionaries.  

–Alex Krycek in The X-Files Episode Tunguska written by Chris Carter 

and Frank Spotnitz 

One way of thinking about capitalism is to describe it as a large social and economic 

structure that is either bolstered or threatened by particular kinds of human action: 

shopping and working for a corporation supports capitalism, while boycotts and strikes 

oppose it. Such a perspective has led to two dominant theories of change—that is, ways 

that the society and economies move past capitalism into something better. The 

traditional liberal perspective prescribes an incrementalism approach to reform from 

within existing organizations (Goldman 2005). The radical alternative is revolution 

where, in the classic Marxist version, workers seize the means of production and 

redistribute value to its producers.  

Treating capitalism as an emergent phenomenon, which for the purposes of brevity I will 

refer to as simply “emergent capitalism,” proposes a different way. Emergent capitalism 

suggests that capitalism be treated as a constantly emerging set of relations that, because 

of its highly adaptive nature, is susceptible to a guided evolution towards something very 

different. As capitalism tries to adapt to new practices or technologies, it can develop new 

contradictions or simply crack and let something new through.  

Emergent capitalism is not only a prescription for future work, it is an explanatory model 

for some of the results in my case studies. Thinking of capitalism as something that is 

constantly emerging out of our collective action (in contrast to an epoch-defining social 

and economic structure) helps to explain why I got closer to my goals in the OSCVM 

project, even though it had far bigger obstacles and fewer allies. Simply put, we were 

better at exploiting the cracks in capitalism in the OSCVM project than in North Central. 
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Because capitalism is constantly remaking itself in the moment, one can look at the state 

of a project or movement and try to identify aspects that might be capitalism reasserting 

itself, either through the retrenchment of hegemonic ideas or privatized means of 

production.   

At the moment of success, when it looks like something you are doing is “working” 

under your own defined terms, there is always something there that capital has asked of 

you. Whether that is compromising on the quality of materials or charging for something 

you would rather give away, there is always an accommodation being made. The trick is 

to not consider this accommodation as a failure or a comprising of values, but as a 

negotiating tactic that will aggregate into a better future. The OSCVM made lots of 

compromises; some I have already listed in the previous chapter, others I will introduce 

in this one. The very concept of a “vending” machine already paves the way towards a 

project that is subject to the whims of commodities traded in markets, but we also 

employed a CTP methodology to keep the buying and selling of condoms and their 

vending machines simple and cheap, thus keeping the design “appropriate” and the 

barriers to entry low. The Commotion Wireless project, on the other hand, had its fair 

share of allies but failed to accommodate capitalism in a way that would let it flourish.  

What follows now is a deep dive into the mechanics of what I am calling emergent 

capitalism. Emergent capitalism is an acknowledgement that working against capitalism 

does not necessarily mean you will not recreate it in the process. Hegemonic ideologies 

and means of production have always inculcated masses of people in their reproduction. 

Capitalist emergence prioritizes the establishment and continued health of counter power 

institutions that democratize the ownership of the means of production. It is from these 

sources of value creation that the cracks in capitalism can be pried apart further. This 

chapter will cover both the political economy and the forces of cultural hegemony that 

maintain and legitimize capitalism in the moment. I end with a “real time” analysis of 

praxis by applying Pickering’s “the mangle” to political action (Pickering 1995; 

Pickering and Guzik 2008). Throughout the chapter I revisit and introduce new data from 

my case studies to demonstrate how this sense-making tool can give one a better grasp on 

what was going on at the time. 
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An emergent approach to capitalism is not so much a theory of how capitalism works, as 

it is a way of understanding capitalism from the perspective of someone working against 

it. This is an important distinction because emergent capitalism aims, to borrow a 

distinction from Heidegger, to be more correct than true. That is, treating capitalism as an 

emergent phenomenon can lead to better anti-capitalist work and remain agnostic about 

some of the more substantial debates about the macro-level structural qualities of 

neoliberal capitalism. I do not presume to say “capitalism works this way” and instead 

simply say “you will do better work if you approach and think about capitalist society in 

this fashion.” As a sense-making tool, I am not looking to go beyond Marx’s original 

definition of capitalism as a social and economic organizational scheme wherein the 

means of production are privately owned and operated by exploited labor to produce 

commodities that are exchanged on the market. Instead, I am suggesting that as 

individuals and groups try to work against this system in the hopes of ultimately ending 

it, they think of capitalism as something that is constantly emerging and maintaining 

itself rather than a strong, exterior system that they seek to exist outside of. Rather, there 

are only opportunities to work against capitalism, but one will inevitably be enrolled in 

its emergence in the process.  

Building institutions or organizations that stand as an alternative to capitalist modes of 

production is an exercise in resistance, but also in accommodation and compromise. 

Those dedicated to radical praxis have to enter into less-than-ideal relationships with 

institutions that do not share their values, or they must chase perverse incentives in the 

short run to achieve their stated long term goals: the activist that sells their labor to a 

corporation to feed themselves as they build their own non-profit, or the academic that 

applies to private foundations with investments in fossil fuels who wants to use their 

grant money to research fracking. These are some of the more straightforward examples 

of negotiations with capitalism. 

The prepositions used to talk about this unfortunate situation are telling of how and why 

such concessions are necessary: we are said to live “under” capitalism or “within” 

capitalist relations. This exteriority and sense of pervasiveness can over-state the degree 

to which all of the institutions of capitalism are immovable, obdurate, pervasive, and 
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totalizing. One can certainly be forgiven for seeing state-protected monopolies and so-

called free trade agreements as “large,” but the task here is to understand the tiny 

mechanisms that remake these grand organizations every day. 

None of which is to say that one can wish away capitalism. In fact, such a reframing has 

troubling consequences: capitalism need not be an enormous, totalizing force to stop its 

detractors. It just needs to “pop up” at certain moments: when a small firm must conform 

to a larger corporation’s design standards to gain access to a user base, or when no one 

has time to commit the needed effort to finish an open source project because they lack 

the resources of a proprietary project. Capitalism does not always smash or completely 

negate post-capitalist aspirations; it encourages, persuades, and picks away at them. This 

sort of momentary and personal reinforcement of the status quo might be why, to quote 

Uri Gordon, “the most effective anarchist propaganda will always be the actual 

implementation and display of anarchist social relations —the practice of prefigurative 

politics” (2007, P.38). More than good rhetoric though, prefigurative politics is also a 

way of closely linking means and ends, a tactic that the next chapter will go into more 

deeply. No one can wish capitalism away, but treating it as an obstinate negotiation 

partner—even in delimited or temporary ways—can go a long way toward expanding the 

cracks in capitalism.  

CAPITALIST EMERGENCE AND THE TYRANNY OF LITTLE THINGS 
Capitalist emergence takes a cue from Marxists like John Holloway and Michele de 

Certeau who argue that capitalism is something we are constantly making in the moment. 

In Holloway’s words: 

…we have created a society which appears to be totally beyond our 

control, but which in reality depends upon our act of constant re-creation. 

The problem is not to destroy that society, but to stop creating it. 

Capitalism exists today not because we created it two hundred years ago 

or a hundred years ago, but because we created it today. If we do not 

create it tomorrow, it will not exist. (2011)  
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Holloway goes on to argue that any sort of radical change in society—that is, a shift in 

very fundamental aspects of everyday shared existence—will require a great number of 

people doing something fundamentally different. What is unclear in the literature is what 

such a change would look like and whether we would even know it when we saw it. As 

Holloway writes: 

…who brought about the social transformation from feudalism to 

capitalism? Was it Danton and Robespierre, or was it the thousands of 

unsung and possibly boring burghers who simply started to produce in a 

different way and to live their lives according to a different criteria and 

different values? In other words, social change is not produced by 

activists. … Social change is rather the outcome of the barely visible 

transformation of the daily activities of millions of people. (2010, 12) 

The upshot of this sort of model for social change is that moving from capitalism to 

something else may not appear to us as obviously or as in such a romantic fashion as 

what dances in revolutionaries’ heads. Revolution, as it turns out, might be something we 

discover in hindsight, not design for the future.  

Such is the conclusion of anarchists like David Graeber who, from an anthropological 

perspective, claims that social movements can achieve their goals so quickly that activists 

may not even notice they won. Both the anti-nuclear movement of the 70s and the anti-

globalization movement of the 90s did not eliminate all nuclear arms or establish a new 

socially just world order, but they did prevent a lot of terrible things from happening. 

People active in those social movements tended to assume that they had pushed their 

enemy further underground into more insidious and opaque forms of control, when in fact 

(only totally visible in hindsight) they had won significant victories within a matter of a 

few years. While trade deals like NAFTA did go through, many more deals fell apart due 

largely to mass direct actions that drew attention to unfair trade deals. Nuclear stockpiles 

and the construction of new nuclear power plants have also fallen a great deal in the 

United States and around the world. It is easy to forget, in fact, that the U.S. President 
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Barack Obama is an expert in nuclear disarmament policy. That, in and of itself, is no 

small victory.  

Capitalism, then, has surprising moments of weakness and contradiction that may go 

unnoticed by virtue of how distributed their effects are and the unintended ripples they 

cause. Activists in the Global North, for example, may not have noticed how Argentina’s 

decision to default on $100 billion-worth of bonds caused a cascade of third world debt 

renegotiations that nearly bankrupted the International Monetary Fund (Graeber 2011c) 

and eventually led to the U.N. adopting universal basic principles for sovereign debt 

renegotiation (Charbonneau 2015). There was no pre-planned, over-arching strategy set 

to begin with Argentina and ending with a massive reduction and renegotiation of states’ 

debts. Instead, there was, to use Holloway’s nomenclature, a sizeable tear or rupture in 

the fabric of capitalism that others could grasp and pull larger. An emergent theory of 

capitalism helps us understand how the workers that occupied factories in Buenos Aires 

made political room for South African U.N. delegates to change the conversation around 

sovereign debt nearly a decade later. 

A reasonable counter-argument here would be: the very institutions (e.g. the IMF, the 

UN) that shake after massive activist wins stand in testament to the totality of capitalism, 

not its emergent characteristics. There are three reasons why this is not the case. First, 

while there certainly is a momentum that keeps people and institutions moving in such a 

way that capitalism’s constant re-creation appears permanent, I contend that this 

momentum is relatively short—perhaps not as short as Holloway’s implied twenty-four-

hour time scale, but still much shorter than popular terms like “the anthropocene” would 

imply.  

Second, an emergent theory of capitalism necessitates a certain kind of anti-capitalist 

work that a macro perspective does not necessarily illuminate. That is, if capitalism is 

constantly reasserting itself but lacks the sort of permanence that we are used to ascribing 

to it, then ending capitalism is best done through a combination of short-term, tactical, 

direct actions and the formation of long term strategic initiatives to build post-capitalist 

institutions and thus make the “tears” permanent fixtures.  
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Finally, emergent capitalism puts a particular emphasis on what Andrew Pickering, in the 

context of philosophy of science, calls the “performative idiom.” Pickering’s 

performative idiom is an approach to the study of scientific practice “in which science is 

regarded [as] a field of powers, capacities, and performances, situated in machinic 

captures of material agency” (p. 7). In other words, the maintenance and destruction of 

capitalism is neither wholly a battle of semiotics nor ideology; it is a very physical fight 

with both human and technological principals.  

My aim here is to treat anti-capitalist direct action and other political efforts the way 

Pickering analyzes scientific practice. Conducting scientific experiments and 

orchestrating social movements, while distinctly different human endeavors, have enough 

in common that insights from studying the former can inform the latter. Scientists have to 

tune and slightly change an experimental apparatus or research design in light of new 

information, and what one starts out to find or invent is rarely exactly what they end up 

with (Collins and Pinch 1998). Similarly, projects that either resist capitalist 

accumulation through the expansion and evolution of sociotechnical networks, or actively 

fight hegemony through the building of alternative institutions, are constantly bumping 

up against resistances to stated goals and have to make accommodations to either get 

around or break apart barriers.  

I will return to Pickering’s work at the end of this chapter. What follows now is a close 

reading of the character of technology in praxis that is intentionally antagonistic towards 

capitalism. Consider, as a brief example, this short story told by David Graeber about the 

Direct Action Network (DAN) in Utopia of Rules (2015): 

 …DAN was not a group at all but a decentralized network, operating on 

principles of direct democracy according to an elaborate, but quite 

effective, form of consensus process. It played a central role in ongoing 

efforts to create new organizational forms. DAN existed in a purely 

political space. It had no concrete resources — not even a significant 

treasury— to administer. 

Then one day someone gave DAN a car. 
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The DAN car caused a minor, but ongoing crisis. We soon discovered that 

legally, it is impossible for a decentralized network to own a car. Cars can 

be owned by individuals, or they can be owned by corporations (which are 

fictive individuals), or by governments. But they cannot be owned by 

networks. Unless we were willing to incorporate ourselves as a nonprofit 

corporation (which would have required a complete reorganization and an 

abandonment of most of our principles) the only experiment was to find a 

volunteer willing to claim to be the legal owner. But then that person was 

held responsible for all outstanding fines and insurance fees, and had to 

provide written permission to allow anyone else to drive the car out of 

state. And, of course, only he could retrieve the car if it were impounded. 

… 

It struck me there was something profound to this story. Why is it that 

projects like DAN’s—projects aimed at democratizing society— are so 

often perceived as idle dreams that melt away as soon as they encounter 

hard material reality? … [This] is not because these objects are somehow 

intrinsically difficult to administer democratically—history is full of 

communities that successfully engage in the democratic administration of 

common resources—it’s because, like the DAN car, they are surrounded 

by endless government regulations, and are effectively impossible to hide 

from the government’s armed representatives.  

The resistances in the story above are both abstract and very concrete. As Graeber states, 

there is nothing “intrinsic” about the car that makes it impossible for networks like DAN 

to own such a thing. However, the world, such as it is, throws up very physical 

resistances to decentralized car ownership, ranging from the potential impounding of the 

car to the violence imposed on individuals held responsible for the car. There was no law 

that said, “anarchists may not own cars,” nor was there a lack of funds to maintain the car 

or fill it with gas. Rather, the constituent members of DAN live in a society that is 

incompatible with decentralized collective ownership. The incompatibilities are made 

manifest by the bureaucratic mechanisms that surround cars—insurance, registration, and 
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so on—but what makes the car impractical to own goes much deeper than paperwork. It 

is a death by a thousand cuts, where states and powerful private entities make it difficult 

to do something, requiring more effort on their part than would be the case with 

organizations that chose to not prefigure their politics in their organizational scheme. 

The car is not only a manufactured commodity that relies on a complex division of labor 

and capital investment (two factors that do not automatically preclude economic 

arrangements other than capitalism); it is also an object that loses its value the moment it 

falls out of sync with the dominant property regime. The car technically “works” in that it 

has a functioning motor, there is tread on the tires, and so on, but it will constantly get 

pulled over or may even disappear to an impound lot without a license plate. At the 

historical moment prior to capitalism, what Marx calls primitive accumulation, states and 

wealthy landowners established a property regime that explicitly made it illegal to hold 

things in common. That is, it did away with the complex economic relationships that 

allowed peasants to share and collectively govern a field to graze their cattle on or a river 

to collect water from. The field and the river, after the English Enclosure Acts, had to be 

owned by someone and rents extracted (Cox 1985). That regime has continued to hold 

sway, evolving to include even more pernicious and subtle methods of enclosure. 

Mascarenhas (2007; 2012) contends that neoliberalism has introduced a second wave of 

primitive accumulation wherein non-state actors have begun enclosing what few 

resources have been kept in common through state regulation, conservation, and trusts.  

Given that capitalism is predicated on the enclosure of common ownership, it is not 

enough to consider situations like the DAN car as an inconvenience derived from an 

oversight or as a result of a lack of internal organization on the part of organizations like 

DAN. Rather, the refusal of decentralized common use of resources is a fundamental 

affront to capitalism’s prerequisite for private ownership. This puts the activist in the 

position to either, as Graeber puts it, compromise basic values or forgo ownership.  

The implications of the DAN car example for emergent capitalism are the following: 

How might one show or prove that such a fundamental incompatibility exists? One might 

ask a lawyer to list a few possible issues with collective car ownership, but it would be 
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near impossible to list all of the possible touch points between the law and collective 

ownership of the car. Once the car came into their possession and they tried to use it, the 

world as it stands resisted that particular form of ownership. One might even be tempted 

to say that an anarchist decentralized network is incompatible with the car, but as Graeber 

is careful to point out, there is nothing intrinsic to the car that causes the problem.  

The DAN car is a kind of experiment (Graeber even calls it an experiment, although 

probably not as I mean here) where one has a hypothesis (owning a car while retaining 

our current organizational scheme is going to be difficult, but maybe one of us can own 

it), and you then test the contours and limits of capitalism by using and licensing the car. 

It is when bills or tickets show up that the precise topography of capital reveals itself. If 

DAN wants to own the car and stick to their decentralized organizational scheme, they 

have to run an experiment in a careful and deliberate manner to see what practices make 

that possible.  

I am willing to go a step further though and say that there are, in fact, some aspects of 

technologies that make them resist usage by decentralized networks. Following Winner’s 

(1986) famous example of the mechanical tomato harvester, the design of technologies 

can have a fairly significant impact on how well certain kinds of human formations can 

administer and own them. Winner showed that the mechanical tomato harvester not only 

replaced human tomato pickers, it also required a change in how the tomatoes were 

planted, what sorts of tomatoes were planted, and in fact was one part of an entire 

agribusiness regime change. The tomato harvester could, conceivably, be collectively 

owned by a decentralized network of tomato pickers, but they would always be pushing 

up against the physical demands (an engineer might say technical specifications or even 

limitations) of the machine that requires big long rows of tomatoes genetically selected to 

be hardy enough to survive mechanical picking.  

Why capitalism though, and not some other hierarchical socioeconomic order? Winner 

writes, “the harvester is not merely the symbol of a social order that rewards some while 

punishing others; it is in a true sense an embodiment of that order” (1986, 27). That social 

order in this specific example is capitalism, but one might imagine a different one doing 
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the same thing. Would a state-led socialist government make such a device? The question 

need not be hypothetical, as the Agromashina Joint Stock Company of Moldovia has 

existed for over 50 years (Agromashina Joint Stock Company 2016) and does in fact 

make tomato harvesters. There are also published studies by soviet scientists on intensive 

cultivation varieties of tomato (Osmonalieva 1986).  

We may then further imagine a state of luxury full communism similar to what Srnicek 

and Williams (2015) propose, where work is done by machines and the resulting value is 

redistributed in the form of a universal basic income. Such a social and political order is 

also compatible with the mechanical tomato harvester, but here again we must consider 

the cost of the harvester, the specialized knowledge needed to maintain the harvester, and 

the genetics science behind the tomatoes themselves. Moreover, there is the matter of 

guarding vast, uninterrupted tracts of land dedicated to nothing but tomatoes (a harvester 

does not make sense at any other scale) and then the centralized distribution network that 

sends the tomatoes to the points at which they are bought and consumed. The question 

with regard to the tomato harvester, then, is not whether or not it must be used under a 

hierarchical system, but which hierarchical system will use it? At present, that system is 

most likely to be a capitalist one and, as the next chapter will argue, a more desirable 

social and economic order may not necessarily hinge on a more egalitarian mode of 

centralized redistribution, but rather a more decentralized network of value (i.e. tomato) 

generation.  

Similarly, the car gifted to DAN is part of complex network of surveillance, law, and 

transportation technology that would need to be significantly altered to allow DAN, as it 

is presently organized, to effectively operate a car. We might imagine a system where 

license plates could be freely swapped among a collectively managed pool of cars that are 

not owned by anyone. Even for-profit companies that manage a pool of cars and let 

customers buy in to a managed fleet must dedicate full-time staff and research and 

development departments to coordinate their interface with a system that is highly 

compatible with single-owner cars (Chase, Reed, and Shepard 2009). 
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The OSCVM represents a similar story to that of the DAN car and the tomato harvester. 

The exacting standards of coined currency made it extremely difficult to create a vending 

machine that could be completely made in Ghana. A standard currency must be received 

by an equally standard mechanism that can check for validity (not a counterfeit) and 

correct denomination. Unlike a car or a tomato harvester however, coins’ usefulness as 

currency is bound up in their self-similarity. Our coin mechanisms thus had to be highly 

precise, and with precision emerged capitalist influences. 

Standards themselves are a kind of moral economy, in that they say what should be and 

enforce a previously established economic relationship (Busch 2000). The term moral 

economy was first introduced by E.P. Thompson and later popularized in the qualitative 

social sciences by James Scott, and refers to the ways communities and individuals judge 

what is exploitative and what is fair, either in terms of the price of bread (Thompson) or 

access to land (Scott). Busch argues that standards (in his example, grades and standards 

for agricultural products) are similar to the moral economies described by Scott and 

Thompson because they are “sets of practices that are never fully articulated as political 

economy or as philosophical ethics” but still refer to “mutual obligations” between 

transacting parties (2000, 282). What gets settled on as the standard quality or grade for a 

commodity like grain, according to Busch, is an implicit agreement about what is ethical 

to sell and what price point is fair. 

Busch makes room for a kind of symmetry between humans and non-humans when he 

says that “grades and standards standardize (1) things, (2) workers, (3) markets, (4) 

capitalists, (5) standards themselves, (6) those who make the standards, (7) consumers, 

and (8) the environment” (2000, 273), but I wish to take this a step further to argue the 

following: The standards that make two things compatible, like coins and coin 

mechanisms, constitute their own kind of moral economy that humans then—once they 

have made these things and come to rely on them—must abide by. No one gets a condom 

if they do not have the proper coin, which is just as much a matter of states issuing 

currencies as material constraints.  
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Alexander Galloway makes a similar argument around what he calls “protocological 

control.” Galloway warns big data systems herald a new form of control that does not 

require the direct hierarchy or control systems. He contends that protocols, “the 

technology of organization and control operating in distributed networks” (2006, 317), 

are actually far more robust and at times more insidious forms of control. For Galloway, 

distributed and decentralized networks are not the inherently democratic or anti-

authoritarian structures that Marxist critics Deluze and Guitarri claimed they could be 

(Galloway 2001; Galloway 2004; Galloway 2006). Protocols “structure relationships” 

and regulate flows amongst and between bits and atoms, such that control is harder to 

detect and might even appear to an individual as their own free choice rather than a 

calculated directive.   

Standardized currencies may be one of the first protocols given that both generally adhere 

to Galloway’s definition of the latter: “a set of rules that govern networked relations” 

(2001, 82). Galloway opens his study of protocol with the proposition that empire must 

ask itself, “How does control exist after decentralization” (2001, 81)? His answer is 

protocol, but Galloway contends that this a new development tied to digital networks 

while, in fact, empire itself is a decentralizing force relying on standards to cohere and 

operate. The history of standard currencies illustrates this very fact. 

The history of currency is the history of warfare, and to tell this history I return to David 

Graeber, but this time his history of debt (Graeber 2011b). Graeber, citing classical 

scholar David Schaps, notes that during the Axial Age (8th – 3rd centuries BCE) standing 

professional armies and currencies followed each other for one simple reason: 

mercenaries marching to war need to be paid in something less physically burdensome 

than cattle but more substantive than promissory notes. The solution arrived at 

simultaneously in Ancient Greece, China, and India was to pay soldiers in a standardized 

currency which, once a city is successfully invaded, becomes the official currency of that 

town. The currency enters into circulation through the soldiers who buy goods and 

services and warn that it is this new currency that will be accepted for future fines and 

taxes. This solves two of the perennial problems of empire: supplying soldiers and 
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establishing a unified protocol of exchange amongst many different people spread out 

across great distances.   

The coin mechanism for the vending machines is, to summarize this chapter thus far, an 

instance of capitalism emerging out of the project. Not just because we are charging for 

condoms, but because the nature of a coin mechanism is not unlike the tomato harvester: 

something that is highly compatible with a reality that stems from empire, which in the 

current moment is a capitalist one. States maintaining markets and issuing currency may 

pre-date capitalism, but this is beside the point because in the historical moment that we 

are working, currency standards are imposing a moral economy of capitalist empire. And 

here I am not talking about the Ghanaian currency that the machines must accept, but the 

empires attached to dollars, euros, and yens that make the Ghanaian currency a rare 

request for coin mechanism manufactures. That rarity comes at a literal price which we 

must fold into the machine, either by buying expensive custom coin mechanisms or 

spending considerable time and effort making our own precision coin receiver.  

This obvious antagonism between the coin mechanism’s allegiance to capitalism (to 

speak in a Latourian fashion for a moment) and the rest of the machine remains our 

biggest ongoing challenge. The coin mechanisms we used in the first RPI-made machines 

and the ones currently being made in Kumasi are patented technology meant to accept a 

very specific coin, while the rest of the machine is open source hardware that is designed 

to forgive changes in materials availability. The open source aspect of the project was 

meant to provide a crucial “downward” or “flattening” pressure on the whole project to 

prevent excessive profiteering and encourage a different kind of collaboration among 

vending machine producers that was more cooperative than competitive. Thus, the coin 

mechanism threatens to reward well capitalized groups and individuals who can simply 

buy pre-made coin mechanisms instead of figuring out how to make cheap and relatively 

simple ones. 

The difficulty here is that such a conundrum can too easily push the activist into one of 

two opposing conclusions: either anything that is made in a factory is unredeemable and 

we are stuck in a sort of primitivist logic, or we might seek out companies that pay 
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attention to a handful of environmental or social concerns that speak to a kind of ethical 

consumer logic. Primitivism hamstrings the project entirely, while ethical consumption 

does not solve the problem of price and, if coin mechanisms are anything like clothes or 

food, may even be more expensive.  

This dynamic, where capitalism emerges out of standards which then invite in entire 

sociotechnical systems, is an old one. Well-intentioned organizations throughout the 

1970s and 1980s introduced high yield varietals (HYV) of rice to rural African and Asian 

communities in an attempt to fight global hunger and periodic famine. HYV rice, 

however, cannot be planted or harvested in the same fields or in the same way as local 

varieties. Their thick stalks and heavy heads require mechanical (as opposed to manual) 

harvesting equipment (e.g. diesel tractors and harvesters) and large amounts of pesticides 

and fertilizers (Eglash 2006; Peletz 1988; International Rice Research Institute 2007). 

Peletz (1988) observes that these changes can go even further, changing entire regional 

water irrigation infrastructures, the annual phases of crop harvesting, and leadership 

structures. All of this new equipment is expensive and often puts farmers already in 

precarious economic circumstances into heavy debt. Those who are too poor to even 

enter into this relationship are doubly affected by the nutrient run-off of industrial farms 

and may also lose their farm as industrial ones expand.  

This is such a predictable outcome that it has even been weaponized. Layosa (2007) 

describes a very intentional use of HYV rice in the Philippines in order to gain control in 

a political struggle. While HYV rice provided a temporary increase in food production it 

created a permanent system of control over communities of rice farmers that participated 

in popular political demonstrations against the American-backed government. After a 

crackdown on civil liberties and several orchestrated rice shortages, the government 

instituted farming reform, “imposed in the form of credit packages of fertilizers, 

pesticides, irrigation and machinery.” In this case HYV rice succeeded in accomplishing 

the government’s ends, but for the purposes of our typology it is a “failure” in that this 

technological intervention did not bring about social justice.  
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Such “reforms” are now the modus operandi of the World Bank; especially in the wake 

of the widespread backlash to Argentina’s debt default that I summarized at the 

beginning of this chapter. Instead of intervening by issuing direct loans only to existing 

governments, the World Bank seeks to be “authoritative, locally and transnationally” 

(Goldman 2005, 179). They have responded to the backlash against the overt shackling of 

public institutions through crushing debt by repositioning themselves as arbiters and 

knowledge creators. “Besides being the world’s main producer of concepts, data, analytic 

frameworks, and policies on the environment,” writes Michael Goldman in Imperial 

Nature, “the World Bank has also become the world’s most powerful environmentalist, 

teaming up with prominent NGOs, scientific institutions, borrowing states, and Northern 

aid agencies” (2005, 180).  

This shift in the World Bank, while not total, has initiated and since facilitated a gradual 

shift away from directly linking remote areas to global capital, and instead relies on the 

enrolling and subsequent reinforcement of existing micro and meso-level hierarchies to 

extract capital. This is an ideal position to intentionally seed projects with technologies 

and practices that will let capitalism emerge from projects that might have otherwise 

expanded capitalism’s cracks. Rather than force global finance on unwilling nations, they 

are working to build consensus that global finance is a moral economy worth 

maintaining. 

The task at hand is to articulate a third way that avoids this dynamic while also steering 

clear of essentialist or romantic conceptualizations of marginal communities that might 

arise from the more primitivist strands of the radical left. Such a third way must also take 

into account the material agency of technologies and the emergent characteristics of 

capitalism. To do that we have to go back to “first principles” and consider how the 

division of labor and modes of production factor into all of this. Put another way, we 

have to consider the organization and character of the requisite knowledge and skills that 

go into making these technologies from which capitalism emerges. 

THE DIVISION OF LABOR, HEGEMONY, AND PUBLIC TECHNOLOGIES 
A common story from activists of Occupy Wall Street involves a passing reactionary 

shouting from the sidewalk that they are hypocrites for using the spoils of capital to 
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organize against it. Anti-capitalist activists, the reactionary shouts, should not get to use 

cell phones in organizing their direct actions. According to such a logic, neither should 

the anti-racist activists get to organize out of universities that bear the name of past slave 

holders. Such pronouncements actually reveal the vastness of the projects at hand: 

capitalism and white supremacy (to name just two intersecting forms of oppression) are 

so ubiquitous that to expunge one’s life of its products and institutions would require total 

isolation. Put in terms more familiar to emergent capitalism, there is no action that an 

individual can take that does not remake capitalism. The task is to work toward a post-

capitalist future in the process. 

The literature on prefigurative politics, or historical examples of when humans seized the 

opportunity to organize in ways that are antithetical to capitalism, is depressingly 

unhelpful in informing how to live a life that is working toward a post-capitalist future. 

One could be forgiven for thinking that the best anti-capitalist work happens in 

geographically delimited regions where capitalism has ceded control in its entirety (see 

Nappalos 2012 for several examples of this). How should someone in my position (i.e. a 

relatively privileged individual with access to capital but maintaining a commitment to 

post-capitalist praxis) proceed such that a project succeeds in getting us closer to a post-

capitalist future while reducing the extent to which we remake capitalism at the same 

time? 

This is most certainly one of many questions that were in the air in the mid nineteenth 

century as Karl Marx, Pierre-Joseph Proudhon, and Mikhail Bakunin were debating the 

nature of capitalism: what it would take to end such a system of relations, and what 

would come after such a prolific mode of production transformed into something else? 

These debates largely centered on society’s means of producing and distributing the 

commodities it made. Marx posited that commodities are “an object that is outside us, a 

thing that by its properties satisfied human wants of some sort” (2011, 41) and have but 

“one common property … that of being products of labor” (2011, 44). Value, as it is 

expressed in money, is the abstracted and quantified embodiment of labor mixed with 

natural resources. The working class, having been dispossessed of land that they may 

subsist off of and social relations that might order what sorts of work they might do (i.e. 
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the “double freedom” of the proletariat), must sell their labor to capitalists that own the 

means of production so that they may acquire the money that buys what they once could 

make or grow for themselves. Their labor is divided up into different levels of skill and 

type of work, but it is not as if a single individual can control the selling price of that 

labor the way a commodity gains value through scarcity. Labor, as it is sold to the 

capitalist, is “homogenous human labor” that might be divided into units (K. Marx and 

Engels 2011, 46).  

None of the technologies I sought to develop or deploy in my case studies could be made 

by a single person. No single person can reasonably extract all of the constituent raw 

resources, refine them, transform them into constituent parts, assemble those parts, and 

then make them market ready. No single person codes on the silicon they themselves 

extracted and refined. All of this is to say that the division of labor is an unavoidable 

element of this investigation. Marx holds that capitalism’s “division of labor is a 

necessary condition for the production of commodities, but it does not follow conversely, 

that the production of commodities is a necessary condition for the division of labor” 

(2011, 49).  

Pierre-Joseph Proudhon agrees, stating that,  

Without the division of labour, the use of machines would not have gone 

beyond the most ancient and most common utensils: the miracles of 

machinery and of steam would never have been revealed to us; progress 

would have been closed to society. (2011, 545) 

Putting aside the somewhat startling conflation of social progress with technical 

achievement that is usually seen by more conservative technocrats (L. Marx 1987), we 

can still agree with Marx’s and Proudhon’s conclusions that the division of labor has 

produced increased material well-being in spite of its tendency to also direct power and 

wealth to a few capitalists. Proudhon is unequivocal in what it takes to retain the division 

of labor’s productive capacity while also preserving the worker’s freedom and assuring 

equality amongst all: 
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In cases in which production requires great division of labour, and a 

considerable collective force, it is necessary to form an ASSOCIATION 

among the works in this industry, because without that, they would remain 

related as subordinates and superiors, and there would ensue two industrial 

castes of masters and wage-workers, which is repugnant to a free and 

democratic society. (emphasis in orginal 2011, 583) 

For Proudhon, property had to be held in common and possession of goods was a direct 

function of one’s ability to produce that good. Kropotkin and Bakunin would argue that 

remuneration had to be based on need, not ability. Marx famously called for a 

dictatorship of the proletariat that would ensure that the surplus value of labor would be 

socialized according to collective needs, rather than horded by capitalists.  

None of this suggests a positive direction for the OSCVM or Commotion Wireless. It is 

not reasonable to identify every requisite tool and part and then set about trying to 

organize those factories into worker-owned cooperatives before going about my own 

work. Perhaps then the only other option is to, at the very least, mitigate my own 

participation in capitalism by “starting from scratch” and living a life of subsistence. 

Even here the activist is presented with the same sort of conundrum: how do they acquire 

the land? Do you buy land that was stolen from native populations? When no 

cooperatively-run manufacturer exists, and there is no means of realistically becoming 

that manufacturer, the activist has no choice but to buy the commodity, lest they consign 

themselves to starting from the most basic relations of production. 

One’s intervention in capitalism then, if the activist is to devote a majority of his or her 

life to their chosen method, must also gain the means of his or her subsistence through 

that intervention. In the present historical moment, few people might expect to have their 

daily human needs met (e.g. food, shelter, water) without selling their labor in exchange 

for money, which they would use to buy those things. If people devote their lives to 

ending HIV in West Africa or providing Wi-Fi to an underserved neighborhood, would 

they not need devise a system that provides for their basic needs while working towards 

that goal? This is essentially what my graduate career was but, given the trends I outline 



 
 
 

110 

at the very beginning of this dissertation, that is hardly a sustainable means of effecting 

change. 

Activists must make tactical decisions that, by virtue of the fact that capitalists still hold a 

majority of the productive capacity of the planet, make ideological room for the purchase 

of goods made in unfavorable conditions. This should not be seen as a compromising of 

values, but as a recognition that any given commodity also has many other attributes 

beyond their existence as products of alienated labor. It is not just “making do” by 

establishing a plurality or ambiguity of meaning as de Certeau would say, although it is 

also that. It is a recognition that the anti-capitalist must not always resist, it must 

sometimes tactically accommodate.  

To summarize: Certainly, if one desires an ushering in of something better than 

capitalism, they should cheer on and work in solidarity with people who are fighting for 

better working conditions. However, in so much as someone chooses to confront the 

world as it is, using the methods and tools at their disposal, anti-capitalist struggle would 

best be served with an eye towards participating in and reconfiguring a constantly 

moving, actually existing system of production. Sometimes that means resisting, but it 

also means strategically accommodating the present modes of production. Put another 

way, emergent capitalism recognizes that capitalists have a praxis too, albeit one that has 

the upper hand in most situations. Paolo Freire’s definition of praxis—“reflection and 

action upon the world in order to transform it” (2000, 51)—can describe the vegan 

activist cutting the fences of a dairy farm, but it can also describe the way a hedge fund 

manager might bundle up sub-prime mortgages into a tradable security. 

Thought of this way, it is less a compromise in values to purchase something made from 

alienated labor and more of an accommodation to a piece of the world that behaves more 

in line with capitalist praxis than anything else. Nothing gained, but also nothing lost. 

One’s project is neither more “inside” of capitalism than it was before the purchase of a 

commodity. Rather it is organized against capitalism, and the acquisition of goods 

through their purchase as commodities can only be understood as agnostic to the cause 

until one has the perspective of hindsight to see if that decision was a net gain. 
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How does it help the person working towards post capitalism to think of capitalists as 

engaging in praxis just as much as radicals? Such a perspective keeps focus on the fact 

that just because something is remade in a day it is still powerful and takes considerable 

effort to topple. Rome was rebuilt every day until enough people made something else 

the next day. Consider the (admittedly dramatic) example of a conversation between 

journalist Ron Suskind, and George W. Bush’s deputy chief of staff Karl Rove (below 

referred to as “The aide”): 

The aide said that guys like me [Suskind] were "in what we call the 

reality-based community," which he defined as people who "believe that 

solutions emerge from your judicious study of discernible reality." I 

nodded and murmured something about enlightenment principles and 

empiricism. He cut me off. "That's not the way the world really works 

anymore," he continued. "We're an empire now, and when we act, we 

create our own reality. And while you're studying that reality—

judiciously, as you will—we'll act again, creating other new realities, 

which you can study too, and that's how things will sort out. We're 

history's actors . . . and you, all of you, will be left to just study what we 

do." (Suskind 2004) 

The above can be understood as praxis operating at the level of hegemony. As powerful 

actors do work in the world, they create the reality that most of us must live in. I posit 

though, following Holloway, that when state-administered capitalism falters, it fails to 

recreate the reality of the powerful and new realities may creep in. It is in these moments 

that the spectrum of what is possible shifts.  

It is not enough to say that hegemony is nothing more than the product of praxis 

multiplied by power, however. There are definite and observable qualities and 

characteristics of a hegemonic praxis, namely its ability to present itself as reality. 

Raymond Williams’ work on base and superstructure, particularly his reading of Antonio 

Gramsci’s work on hegemony, is useful in this regard. Williams argues that “any society, 

in any particular period, [has] a central system of practices, meanings and values, which 
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we can properly call dominant and effective” and are “not merely abstract” but 

“organized and lived” (2006, 135). So much can certainly be said of neoliberal 

capitalism, which not only exists in factories and offices but in hearts and minds. 

“If ideology were merely some abstract, imposed set of notions,” writes Williams, “then 

the society would be very much easier to move and to change than in practice it has ever 

been or is” (2006, 135). Instead hegemonic ideology enrolls its subjects into its 

perpetuation. Hence, wage labor, privately owned factories, and proprietary information 

is largely seen as “being realistic” rather than aligning with a particular political 

orientation (which it is also doing). But again, as Rove will remind us, this is a difficult 

distinction to make because while other traditions are possible, that does not make them 

plausible in any given moment. Hegemony is  

a set of meanings and values which as they are experienced, as practices 

appear as reciprocally confirming. It thus constitutes a sense of reality for 

most people in the society, a sense of absolute because experienced reality 

beyond which it is very difficult for most members of the society to move, 

in most areas of their lives. (Williams 2006, 135–136) 

The “reality-based community” then, is not necessarily held together by a consciously 

arrived at and determined belief in something (like Enlightenment rationality), but instead 

something we are born into and have few opportunities to see outside of, and thus 

understand as a form of alienation.   

There are, however, cracks in the walls around this community as Holloway might 

remind us, and it is within these cracks that one can see through to something new. “No 

mode of production, and therefore no dominant society or order of society, and therefore 

no dominant culture,” agrees Williams, “exhausts the full range of human practice, 

human energy, human intention” (2006, 139). Williams makes a useful “theoretical 

distinction between alternative and oppositional” practices by noting that an alternative 

practice is performed by “someone who simply finds a different way to live and wishes to 

be left alone with it” while someone engaging in an oppositional practice has found “a 

different way to live and wants to change the society in its light” (2006, 138). 
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Bell hooks uses the term imperialist white supremacist capitalist patriarchy to fully 

articulate the intersecting power structures that define our present hegemonic order 

(hooks 2004). It is essential to describe how capitalism emerges along the sadly 

predictable lines of race, gender, and nationalism in addition to class. The case studies 

attempted to work against these oppressions in several ways.  

In the case of North Central Troy, both the Sanctuary and the Missing Link Street 

Ministry across the street were trying to uphold the legacy of community technology 

centers (CTCs) (Eubanks 2011, 165–166) by bringing access to computers and the wider 

Internet to an underserved community. Smartphone adoption rates have dramatically 

altered the access needs of working class and poor people. A full two thirds of Americans 

own a smartphone and 19% rely on their smartphone as their primary mode of getting 

online (Smith 2015b) because they lack another broadband connection. 

94% of adults surveyed by the Pew Research Center used their smartphones to search for 

jobs and half of all adults used their smartphone to fill out an online job application 

(Smith 2015a). While such tasks are certainly easier on a full computer (the same study 

showed that 47% of respondents encountered content that did not display correctly on 

their phone), free Wi-Fi access can reduce the cost of using one’s smartphone to look for 

jobs while CTCs are closed or busy.  

One of the bigger selling points of the vending machine to our would-be Ghanaian 

interlocutors, fellow STS researchers at conference, and the NSF was the fact that 

vending machines presented the opportunity to sell condoms in places other than the 

pharmacies that were reported to be sites of morality policing and surveillance. The 

terrible irony here was that the homophobia and conservative Christian sex politics that 

were exacerbating the spread of HIV/AIDS through campaigns against Western 

indecency were themselves imports from colonial powers (Semugoma, Nemande, and 

Baral 2012; Ebrahim 2009). Conservative activists that thought they were working 

against colonial oppression, white supremacy, and maybe even capitalism, were instead 

perpetuating the lies of Western nations. 
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Examples of capitalism emerging out of my own work along the lines of intersecting 

forms of oppression are numerous. I constantly had to fish out correspondence from my 

Ghanaian interlocutors from my spam folder and deliberately label their addresses as 

safe. Jenna Burrell, in her ethnography of Ghanaian Internet cafés and the young people 

that frequent them, describes the actions that contribute to my email situation: Actual 

Ghanaian scammers will leverage negative stereotypes of Africa and Africans (e.g. war-

torn, desperate, etc.) to steal money from Westerners, “Yet the complicity of Internet 

scammers in employing stereotypes of Africa and Africans to pursue scams ironically has 

the effect of reinforcing and reproducing the representations they most resented” (Burrell 

2012, 78). This stereotype was encoded in the spam algorithms that watch over my inbox, 

making communication difficult.  

We also ended up conceding to constraints that had the effect of reinforcing or working 

along with structural inequalities. For our SMS Condom Locator, we settled on a text-

based navigation system even though we knew that literacy rates trended with affluence. 

Any kind of pictographic communication tools like maps would only be deliverable 

through costly data connections and displayed on expensive smartphones. Thus, we were 

forced to go with a text-based system that would reach more people except the poorest 

who either do not have a phone, cannot read, or both.  

While not unique to international development work, exaggerating existing social 

stratification (inadvertently or otherwise) is a common problem experienced by activists 

and development experts. New technologies can sustain or intensify an existing power 

differential that the development organization or the target community might find 

detrimental to their stated cause or otherwise undesirable (Boserup 1989b; Boserup 

1989a; Mosse 2001). It is also likely that, given the constraints of any given project, some 

injustices will be “bracketed off” and ignored, or even relied-upon, in the name of project 

success (Philip, Irani, and Dourish 2012; International Rice Research Institute 2007; 

Cooke and Kothari 2001; Peletz 1988).  While the particularities of local politics are 

infinitely variable from project to project and can be effectively irresolvable within the 

confines of a single project, there are some systems of structural oppression that are often 

exacerbated by development work. 
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Philip, Irani, and Dourish (2012) observe, for example, that the “One Laptop Per Child” 

(OLPC) meant to help children in developing nations get early exposure to computer 

skills are manufactured in Chinese factories that rely on unjust and unsafe labor practices. 

Boserup (1989a) has also shown that most agricultural development projects have 

focused on the cash crops of a community which are typically under the control of men. 

The kinds of farming and productive labor done by women is overlooked and is quite 

often made more difficult due to the uneven mechanization of gendered labor. 

To get a sense of how robust capitalist class dynamics are, one has to acknowledge that 

even in the most radical of circles, counterproductive arguments around class can form. 

In an interview with Virginia Eubanks and Alethia Jones, the activist, organizer, and 

public intellectual Barbara Smith described a situation where members of the Combahee 

River Collective fought over the role of college graduates in the movement:  

Even to this day I find it painful. People would attach others because they 

had done something that I consider entirely positive: grab an education out 

of a system that prefers you not get one. … It was painful for me to be put 

down for something that was so valued and hard won. (A. Jones, Eubanks, 

and Smith 2014, 59) 

Combahee itself is instructive in understanding how oppositional practice continues to 

interface with capitalism long after its principal actions are over. The Combahee River 

Collective started out as a chapter of the National Black Feminist Organization, but 

eventually became a black feminist lesbian organization of its own, operating out of 

Boston in the second half of the 1970s (A. Jones, Eubanks, and Smith 2014). The term 

“identity politics” was first coined in their collective statement released in 1977, which 

was consciously part of building a movement around intersecting forms of oppression. 

By the turn of the century, however, the term identity politics had been mainstreamed by 

conservative groups looking to push back against the gains made by intersectional 

feminists: 

We meant to assert that it is legitimate to look at the elements of a 

combined identity that included affiliation or connection to several 



 
 
 

116 

marginalized groups in this society. There is meaning in being not solely a 

person of color, not solely Black, not solely female, not solely lesbian, not 

solely working class or poor. There is a new constellation of meaning 

when those identities are combined. 

… 

What the right wing meant by identity politics was that those people who 

are not white, not male, not straight, and not rich, it was not legitimate for 

them to assert anything, because they just wanted special privileges and 

special rights in a context of: “Enough rights already” (A. Jones, Eubanks, 

and Smith 2014, 53–54) 

Smith goes on to describe how a “watered-down version of identity politics” arose out of 

the contested meaning of the term wherein leftists would narrow their political concerns 

to the intersections of their combined identities and ignore the “new constellation of 

meaning” that their existence was meant to illuminate. Viewing this rhetorical hijacking 

through the emergent capitalism sense-making tool, we can see how hegemony works on 

the tangible and intangible alike. How, in the process of building our concepts or our 

tools (or both, at the same time) we must also be on guard for the ways they can be turned 

on us or contain within them a Trojan horse of imperialist white supremacist capitalist 

patriarchy.  

Because I am focused on praxis, which by definition involves changing the world, one 

could be forgiven for assuming that “alternative practices,” as Williams defines them, 

would not be worth considering, but the line between alternative and oppositional is very 

thin. The same practice shared among a small group, open source for example, can be 

alternative, but as it becomes more popular it can take on a more oppositional character. 

Hegemony can also move in to foreclose alternative practices, and those who wanted to 

be left alone are forced into an oppositional stance. For example, living “off the grid” 

might be considered the alternative practice par excellence until governments deem such 

practices illegal (Abrams 2014) and homesteaders are forced to choose between a 

dominant practice and an oppositional one. 
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Williams, coming from and speaking to a cultural studies perspective, states that new, 

emergent cultures are constantly being created as the relationships among art, literature, 

and society are constantly made and remade. “In this process,” Williams writes, “the 

dominant culture itself changes, not in its central formation, but in many of its articulated 

features” (2006, 141). Given that so much of artistic expression is embodied in objects, 

whether they be mass-printed books or a single unique painting, it is easy to see culture 

as secondary, as superstructure. But Williams encourages us to “look not for the 

components of a product but for the conditions of a practice” (2006, 143).  That is, the 

complex relationships and modes of production that made something meaningful are part 

and parcel of cultural artifacts and thus part of the base of a society. Just as a factory 

needs capital, it also needs a dominant ideology to keep its workers there.  

What then to make of the DAN car, or the OSCVM for that matter? These things are not 

cultural items per se, the way Brothers Karamazov or The X-Files are culture, but they 

are also not quite base capital. What do we make of objects that are obviously made or 

appropriated (Eglash 2004) in such a way that they are oppositional to dominant 

practices, but are also made for some instrumental purpose? I contend that these are 

“public technologies.” Public technologies are instrumental artifacts, with or without 

explicit cultural meaning, that play a significant role in, or afford, oppositional praxis.   

Public technologies are the experimental apparatuses of activism. They are the tools, 

organizational strategies, and terms (a public technology need not be tangible) that help 

push against dominant practices or reveal hegemonic discourse. I choose “public” 

because, following Arendt and Habermas, praxis is meant to be done in public and with 

others (Arendt 1969; Habermas 1991; Habermas 1992; Calhoun 1992). This should not 

be confused with a requirement that such technologies must cast things out in the open. 

Quite the contrary, as the OSCVM is meant to provide a specific kind of privacy. The 

“public” part of the OSCVM is the open source collaboration and the structural 

oppressions it may help cut against, not necessarily a description of how the machine is 

used. 
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The activist, armed with his or her public technologies, must now engage in what Andrew 

Pickering has called “the mangle.” It may seem counter-intuitive that I would use a 

theory that brings light to the actions of scientists when so much of this dissertation is 

about engineering and design, but the mangle is first and foremost a study of real-time 

emergent action that helps us understand humans’ experimental relationships with things 

outside of themselves. The nonhuman elements of the mangle are generally assumed to 

be “nature” and human-made devices but as the next section will show, capitalism can be 

mangled as well. 

MANGLING CAPITALISM 
Pickering’s work on non-human agency and emergent theory is mostly contained in his 

1995 book The Mangle of Practice and the introduction to the edited volume The Mangle 

in Practice (Pickering and Guzik, 2008). The eponymous “mangle” began as a theory of 

practice that focused on the real time (emergent) actions of individuals engaged in the 

close study of natural phenomena, but has since expanded out to include a wide variety of 

human activity. Authors that incorporate the mangle into their methodology are usually 

interested in posthumanist accounts of scientists’ interactions with nature or other 

nonhuman actors, but later work has run the gamut, from software development (Marick 

2008) to the prosecution of domestic violence (Guzik 2008). Before delving into what 

exactly the mangle is and what it lets us do analytically, I will take a few paragraphs to 

describe Pickering’s larger role in science and technology studies’ shift from social 

constructionist interpretations of scientific knowledge to more comprehensive analysis of 

scientific action. This is admittedly a tangent, but an important one because I aim to make 

a similar move in the use of public technologies. 

Andrew Pickering’s larger contribution to the field of science and technology studies was 

to force a move from the “representational idiom” to a more performative one, focused 

on science as an action, rather than a collection of facts. The representational idiom, 

according to Pickering “casts science as, above all, an activity that seeks to represent 

nature, to produce knowledge that maps, mirrors, or corresponds to how the world really 

is.” In other words, nature is “out there” in the world and the representational idiom 
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portrays scientists as professionals that follow a standard set of procedures to record that 

nature and represent it in textbooks, journals, and scientific reports.   

One can find hints of this consistent criticism of the representational idiom throughout his 

earlier works. His first book Constructing Quarks (1984) dealt with the historical lineage 

of doing particle physics and the social construction of subatomic particles. This book 

could be read as more representational than performative, but there were distinctive 

threads of what would become the mangle. A few years later, he published “Living in the 

Material World” (1989) in which he wrote that, upon further reflection, the book “could 

also be read as significantly extending the analysis of practice developed in Constructing 

Quarks.”  His first book-length opportunity to put forward an epistemology focused on 

practice was his edited volume Science as Practice and Culture (1992) where, in the 

introduction, he makes a much more explicit (and general) argument for studying the 

emergent process of knowledge production.  After a concise but thorough review of the 

sociology of scientific knowledge (SSK) and related schools of thought, Pickering 

launches into a prescription for future STS work that focuses on “what scientists actually 

do.”  Pickering claims that, with few exceptions, the field simply does not offer us the 

conceptual apparatus needed to understand the richness of the doing of science—the 

dense work of building instruments; planning, running, and interpreting experiments; 

elaborating theory; negotiating with laboratory managements, journals, grant-giving 

agencies, and so on. To describe practice as open and interested is at best to scratch its 

surface. 

This is not to say that analyses of scientific action had not existed prior to Pickering’s 

intervention. Latour and Woolgar’s Laboratory Life (1979) is sufficient evidence of that. 

Rather, Pickering was advocating for studying action as bodies-in-the-world and not as 

semiotics to be interpreted as Latour, Woolgar, and others were doing.  

The Mangle of Practice and the later edited volume The Mangle in Practice (2008) 

describe scientific practice as something that involves much more tinkering, revising, and 

reevaluating than the popular linear process we learn in grade school that starts with a 

problem, contains a hypothesis and experimentation, and ends with a specific conclusion. 
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Pickering instead describes a “dance of agency” in which humans must act within a “field 

of material agency” that constrains and resists their behavior. A scientist whose 

hypothesis is contradicted by results is never totally sure if the experimental design is 

flawed, if the apparatus designed to detect a natural phenomenon is malfunctioning, or if 

she is actually getting the correct result. It often takes several iterations of tuning one’s 

knowledge about the world, testing apparatuses, and methods until they start producing 

understandable and replicable results.  

Pickering asks that we view science as a “continuation and extension” of “coping with 

material agency.” That is, as humans go about trying to live their lives and understand 

cause and effect, they must interact with the physical properties of the world. Sometimes 

we act and everything goes as we expect: things fall down, food keeps hunger at bay, and 

fire keeps you warm. But what if you want to try something totally new? Or maybe you 

come across some alien phenomena that acts seemingly at random? How do you interact 

with the world such that you can make definitive claims about how the world works? Or, 

at the very least, how do you build a set of expectations of cause and effect? This is 

essentially the question that Pickering is answering when he puts forth his theory of the 

mangle.  

The mangle is a theory of scientific practice that tries to tease out what is happening 

between humans, machines, and the natural world when none of these three things are 

acting in a predictable way. For example, one day in March, 2013 I came into the 

Sanctuary to update the firmware and, instead of getting the usual graphic user interface, 

I got an index directory, which looked like this: 

 

Figure 11 
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Afraid that I had somehow broken the hardware I opened up an issue in the Commotion 

Wireless development community and wrote: “After installing DR1 onto a Ubiquiti 

PicostationM2 and navigating to 192.168.1.20 in a browser I get an index directory and 

not the administration panel.” 

OTI developer Andrew Reynolds responded within the hour but could not seem to 

recreate the problem or understand what would cause it in the first place. Some of the 

replies I got were confusing to me, even after some Googling, so I updated my issue 

posting to let him and the rest of the developers know that “I'm not very experienced in 

this field, I'm a social scientist and this whole adventure is a sort of learning as-I-go 

affair. Will try what you suggested as soon as I figure out how.” 

Eventually, after two hours of back and forth between other Commotion developers, 

Andrew was able to diagnose the problem. A line of code that read “./setup” should have 

read “./setup.sh.” He then tried to explain why that small mistake in the latest build was 

causing that problem: 

Subversion (svn) is a versioning tool similar to git, and is used throughout 

openwrt's build system to call in all the packages. You will need to 

download subversion for your operating system and rerun the setup script. 

You might also be missing various compilers, libraries, and developer 

tools necessary to compile software. You should be able to find your OS's 

developer packages by searching on your error messages, but let us know 

if you need help. 

In case it helps you conceptualize what's happening, setup.sh just clones 

the main openwrt source code, adds the commotion-specific packages as 

an openwrt feed, and copies some default config files and build 

instructions to the openwrt build directory. The next steps ('cd openwrt' 

and 'make') start the actual build process. It will download a lot more 

source code (so you will need a stable internet connection), and the first 

build will take a long time. 
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I jot down “learn more about OpenWRT” in my notes, but even after researching the 

problem at home I still do not fully understand what went wrong to this day. I do not 

understand why compilers or libraries might suddenly go missing from my downloaded 

firmware install file or how I can prevent such problems in the future. It is still difficult to 

ascertain whether I had done something wrong, if the code was buggy, or if there had 

been some hardware failure during the upgrade process.   

This indeterminacy, according to Pickering, is best understood as “resistance” from the 

material world. I act, but the world responds with an unexpected index directory in my 

web browser. It is now my job to accommodate this resistance, which can take any 

number of different forms. I could swap out hardware, use more reliable software, try to 

do the same thing from a different location, or some combination of all of the above. 

Pickering calls this the “dialectic of resistance and accommodation” and it is, in his own 

words,  

what I call the mangle of practice, or just the mangle. I find "mangle" a 

convenient and suggestive shorthand for the dialectic because, for me, it 

conjures up the image of the unpredictable transformations worked upon 

whatever gets fed into old-fashioned device of same name used to squeeze 

water out of the washing. It draws attention to the emergently intertwined 

delineation and reconfiguration of machinic captures and human 

intentions, practices, and so on. The word "mangle" can also be used 

appropriately in other ways, for instance as a verb. Thus I say that the 

contours of material and social agency are mangled in practice, meaning 

emergently transformed and delineated in the dialectic of resistance and 

accommodation. (1995, 23) 

Pickering’s book-length example is the history of particle physics and the detectors that 

made the discipline possible. The bulk of the story centers on Donald Glaser, an assistant 

professor of physics at the University of Michigan, who wanted to build a finer-tuned 

particle detector operable by a small team. Glaser’s accommodations “took the simple 

form of moving from the exploration of one working substance and technique to the next. 
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His practice took the form, then of a dialectic of resistance and accommodation, which 

shifted him through the space of all of the potential new detector arrangements that he 

could think of” (1995, 39).  

Important to note here is that, along with the properties of subatomic particles and the 

apparatuses that detect them, Glaser is also taking into account his own reticence to 

participate in a project that would inevitably require “an army of people working at big 

machines” (1995, 43). Glaser saw that there was an essential tension between the sorts of 

complex machinery that were becoming physically necessary to do the work he wanted to 

do, and the sorts of working conditions that the machinery would usher in: 

I knew that large accelerators were going to be built and they were going 

to make gobs of strange particles. But I didn’t want to join an army of 

people working at the big machines… I decided that if I were clever 

enough I could invent something that could extract the information from 

cosmic rays and you could work in a nice peaceful environment rather 

than in the factory environment of big machines… (Glaser 1958 Quoted in 

Pickering, 1995 43) 

Picking goes on to situate Glaser’s personal working preferences into a larger trend:  

Big science [i.e. large accelerators] was the new work style and 

organizational form that had been born in the US weapons laboratories of 

World War II and that made its presence strongly felt in the early 1950s … 

Big science was done by teams of physicists and engineers, hierarchically 

organized; it was characterized by a high level of funding and the 

bureaucratic processes associated with that, a high degree of 

interdependence in obtaining access to accelerator beams and in the 

conduct of experimental research, and a relative lack of flexibility in its 

response to individual incentives. (Pickering 1995, 43)  

This sounds something like the DAN car problem introduced at the beginning of this 

chapter. The particle accelerator, like the car, seems to be hailing a particular kind of 
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bureaucratic, capitalist social relation. Glaser’s desire for a smaller scale physics lab is 

not unlike DAN’s desire for decentralized, collective car ownership. Both large particle 

accelerators and cars are highly compatible with capitalism and aid in its emergence out 

of counter power institutions. The necessary reaction is not defeat or major changes in the 

direction of one’s work, but a fine and deliberate calibration among as many factors as 

can be identified. 

Once someone hones in on something that looks like it will work, a process of mutual 

fine tuning occurs; both humans and their instruments nudge each other into what 

eventually becomes a stabilized relationship. As scientists build their machines that, in 

turn, tell them about the material conditions of the world, they also begin to change their 

goals and reassess the trajectory of scientific research, human labor, and a myriad of 

other social relationships. “There is, then,” Pickering argues, “a temporal and 

posthumanist interplay between the emergence of material agency and the construction of 

human goals” (p. 56). In other words, the decisions of humans are a function of their own 

goals and how the world around them behaves.  

In more philosophical terms, Pickering is saying that Heidegger was wrong about 

humans’ relationship to their mechanical creations in the modern age. Heidegger claimed 

that humans use technology to “enframe” the constantly (re)emerging natural world such 

that it “stands reserve” until the moment it is needed. Science, however, does not readily 

and completely enframe. It too is emergent both in content as well as process. It is easy to 

think of science and technology as rigid forces of order because scientific knowledge is 

written down with an emphasis on timelessness and consistency. All of the messy back-

and-forth trial-and-error is obscured and the focus, instead, falls to the final product. 

Instead of seeing any one piece of technology, whether it is a vending machine or a Wi-Fi 

antennae, as the resolution to a particular controversy or indeterminacy (More or less the 

contention of social constructionists like Bijker 1997), Pickering would have us see it as 

part of a constantly emerging parade of knowledge and machines that help us understand 

and navigate the field of material agency that we are born into. 
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The implication here is fairly simple, but not prosaic: the precise force of gravity on Earth 

has a say in the history of space flight; the burn rate of eucalyptus trees has a direct 

impact on Australian forestry science; and the average rate at which the human body 

heals and displays injury plays a fundamental role in the investigation and punishment of 

domestic violence. But this is not a deterministic relationship. Humans have goals, and if 

the existence of rockets tells us anything, it is that even something as constant as gravity 

can be negotiated with. Once the emergent creation of scientific knowledge becomes our 

“natural ontological attitude” we might, Pickering argues, be more attuned to seeing 

ourselves as “in the thick of things” rather than having conquered nature or disease. 

The ramifications for shifting our “natural ontological attitudes” away from Heideggerian 

“standing reserve” and more toward an emergent and performative idiom has the benefit 

of, ironically enough, seeing science as Heidegger understood it: as being more “correct” 

than “true.” In other words, acknowledging that just because a scientific theory or 

engineered system “works” based on a specific set of parameters or defined questions 

does not mean it is “true” in all ways for all time. Pickering (2008) gives the example of 

the Mississippi River basin, which, having been heavily controlled through large 

engineering projects throughout the twentieth century, is showing signs of resistance by 

way of continued flooding and ecosystem death. The mangle encourages us to think of 

this not as a failure in engineering but as an undesirable state or moment in an emergent 

process of taming and utilizing a massive body of water. The American Corp of 

Engineers has not arrived at some end state that needs maintenance, but is instead 

engaged in a constant and reciprocal practice of diverting and channeling water.  

Some readers that are familiar with STS literature might ask why I have chosen a rarely 

used theory from science studies and not the much more influential Actor-Network 

Theory (ANT) ontology model. First, it is worth noting that Pickering writes in the 

introduction to The Mangle of Practice that he would be “happy if the book were read as 

an attempt at a constructive dialogue with the actor-network” (1995, 11). He goes on to 

delineate the differences between the mangle and ANT as coming down to the limits of 

semiotics as a way of understanding nonhuman agency. Unlike ANT, which asks that 

humans and nonhumans be analyzed equally as semiotic nodes in a larger network of 
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meaning, the mangle asks that we trace the material changes to our world and not just 

semiotic or representational ones (Pickering, 2008 13). That is, material changes to our 

world—where our transportation systems take us, how the built environment orders 

bodies, and all the strange ways digital technologies play with geography and time—are 

theoretically relevant in the moment. Material agency is emergent, and so humans must 

fine-tune the machines and practices that help them predict and understand nonhuman 

agents.  

Having fully articulated the constituent parts of emergent capitalism, I will spend the 

remainder of this chapter putting it all together and take this sense-making tool for a “test 

drive” around the case study material and other examples. 

CAPITALIST EMERGENCE: STUDYING MODES OF PRODUCTION IN REAL TIME 
Laboratories, factories, railroads, offices, barges, farms, and cities are all sites of human 

action resisting and accommodating the material world, but under very specific 

motivations and circumstances. By reconceiving the over-arching structures described by 

Marx, Proudhon, and others in terms of the mangle, we begin to see how capitalism is 

“made” on a daily basis as Holloway argues, and what can be done in the moment to 

“tune” our public technologies so that we make the most out of our praxis.  

Ever since the social construction of technology gained traction in STS, it has been clear 

to practitioners of the discipline that technologies are subject to both historical 

contingency and context, and that all human endeavors, no matter how complex or rooted 

in rigorous research, could have been otherwise. But what happens when we start with a 

group of people who want to engage in alternative practices, have some modest means to 

do so, and want to build something? Here is where capitalist emergence, or the mangling 

of the modes of production, starts to reveal its utility as a sense-making tool. 

Humans are embedded in both a field of material agency and an ideological hegemony 

that, if they are engaged in oppositional practices of a technical nature, they probably 

have some working reflexive understanding of.  They make their best guesses about how 

the future will turn out, and what sorts of repercussions their actions will have, but these 

are always based on imperfect information and understanding (Marick 2008; Pickering 
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1995). As the activist engages in praxis, he or she will come across challenges that are of 

both a material and political nature. Materiality will resist, but there are also political, 

social, and economic factors that resist, encourage, persuade, and incentivize. Moreover, 

it is not always totally clear whether hegemony or materiality is the cause of any given 

controversy or concern. Consider the following hypothetical: 

The worker-owners of a cooperatively run coffee shop and bookstore come to the 

conclusion that despite their desire to not contribute to landfills, they must revisit their 

store policy of not offering disposable to-go cups because a recent customer survey 

suggests the lack of disposable cups is costing then a substantial amount of potential 

revenue. Their solution is to charge a small amount for the disposable to-go cups and 

offer a store-branded travel mug to encourage as little use of the disposable cups as 

possible. Is this change in policy doing more harm than good? Obviously, even if one 

person uses a disposable to-go cup the shop has begun to contribute to landfills in a way 

it had not before, but the shop now benefits from increased revenues, which can go 

toward sustaining new worker-owners.  

The point of emergent capitalism is not to ease the attempts at a utilitarian calculus of 

how much money earned through the implementation of disposable cups equals the 

amount of carbon the shop should mitigate by changing something else in their work 

schedule. Instead, emergent capitalism helps build an understanding of the relationship 

between alternative and dominant praxis as they both negotiate the field of materiality. In 

more concrete terms, one must ask: do the cracks in capitalism get wider because there 

are fewer cups in landfills or because there are more worker-owners in the world? The 

answer is most certainly the latter, as reducing landfills might lead to a marginally 

greener capitalism, not a weaker one. The paper cups are an accommodation to many 

things including but not limited to: cultural standards of what food service businesses 

reliably provide, food sanitation laws that might make it illegal or a hassle to fill up a 

mug that was brought in by a customer, the cost of making paper cups, and the standard 

business practice of not charging for disposable containers. What emerges out of that 

decision then is not necessarily a capitulation or compromising of values, but a 
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reconfiguration of the shop vis-à-vis countless variables of both a material and social 

nature that aggregate into capitalism.  

Quite often, these dilemmas feel like capitalism “popping up” or imposing some exterior 

influence when, in fact, these are moments when capitalism is emerging out of a 

confluence of social action and materiality. Coffee is a liquid that needs a vessel, and 

those vessels are produced, owned, and discarded as a capitalist commodity. Pickering 

makes the point that “scientific knowledge helps to conceal becoming from us” (2008, 8).  

It does this by drawing “our attention to a timeless and constant world … somehow 

subsisting behind the visible world of change and becoming” (2008, 8). The same might 

be said of work organizational practices or social movement strategy: there are best 

practices that lead to predicable outcomes, or political ideologies that feel right, but they 

conceal the ever-changing relationships humans have with the world around them.  

It is tempting to think that by refusing to use disposable cups, the coffee shop is 

contributing to a culture shift that demands people carry their own cup, but such an action 

by a single shop is tantamount to DAN trying to change how cars relate to the roads or 

Glaser single-handedly trying to stem the tide of industrial science. These sorts of moves, 

where capitalism clearly resists (you cannot have a car) or offers strong incentives (many 

more paying customers) are rarely winning battles. That is, banning paper cups does not 

pry open existing cracks because, while less trash is certainly good for the environment, 

more people owning the means of production is bad for hegemonic capitalism. 

Remediating, preventing, or easing environmental degradation has proven to be a site of 

potential capital accumulation (Goldman 2005; Mascarenhas 2007; Mascarenhas 2012) 

not a direct threat to its continued existence. Turning back to the case studies now, I want 

to show how incompatible institutional procurement procedures were negotiated before 

concluding on the final “straw” that pushed us from off-the-shelf condom vending 

machines to making our own.  

Grant money, as any academic fortunate enough to have any will tell you, never comes in 

a single check that you can spend however you please. There are lists of justifiable costs 

that you or someone on your team wrote months, if not years, ago when you knew less 
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and had more time; preferred corporate vendors; and over-worked business office 

employees demanding itemized receipts and other sorts of exotic paperwork. Once all of 

this is in place, however, it is fairly simple to buy the things you budgeted for. For 

example, when I chose to buy an arduino with my NSF grant money, I sent a single email 

to the business office and it arrived within the week. University purchasing systems are 

fairly good at buying standard parts from corporate suppliers, and they are even better at 

supplying the sorts of large industrial engineering projects that are the bread and butter of 

universities and the nightmare of Glaser and myself. Had I been outfitting a cutting-edge 

lab I would have had no problem logging in to the in-house procurement system and 

selecting from a wide range of instruments sourced from a variety of reputable suppliers 

(See Kleinman 1998 for a description of how this relationship between lab suppliers and 

universities influences scientific practice.).  

My project, on the other hand, was predicated on purchasing things locally in Kumasi, 

which meant no institutional purchasing agreements or other such infrastructures that 

make jobs like mine easier. In order to buy sheet metal in Kumasi for the condom 

vending machines, someone has to haggle a price, inspect the quality of the metal, and 

arrange for transport which may also cost money. I had to tune my research to 

accommodate academic capitalism and access my money.  

What I ended up doing, in consultation with the business office, was send an email to 

Jorge Apiah asking him to invoice me on official letterhead all of the itemized costs. Not 

just the sheet metal, but everything that would be used to make the vending machines in 

Kumasi. I then passed this invoice on to the RPI business office, waited for it to be 

reviewed by several members of the business office, and had them set up a wire transfer 

agreement with Apiah’s Creativity Group.  

After about a month the money was in the right place and we bought our supplies. A 

researcher in my position can get down to “the work” quicker and easier (which also 

usually means cheaper) if they lean on a network of interlocutors and vendors that you 

have worked with in the past. For me that meant, if I wanted to take full advantage of the 
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grant money I had access to, trusting someone that Eglash had fostered a relationship 

with and putting my resources directly in his hands.  

This was a fairly straightforward tuning process because the procurement process was 

obviously the source of resistance. What should be done when resistance is difficult to 

locate? In the last week of my last trip to Ghana in Summer, 2012, we were faced with 

several resistances that had to be accommodated in tandem. We installed an off-the-shelf 

vending machine at a gas station just off the highway leading into Kuamsi. A gas station 

was an excellent location for testing the vending machine for three reasons. First, Afriyie-

Siaw had told us her own research suggested that truckers, often opting to seek out the 

services of a sex worker and refusing to use a condom, were a significant source of HIV 

infection (the literature above seems to corroborate this). Second, gas stations run on thin 

profit margins, and something that could boost sales would be readily accepted. Finally, 

gas stations on the outskirts of cities were less likely to be crowded, giving customers a 

bit of needed privacy. Afriyie-Siaw had gotten in contact with the gas station and the 

owner seemed excited about the prospect of a new revenue source.  

Edward Dimio, an undergraduate electrical engineer, and I installed the machine, loaded 

it with condoms, and were pleasantly surprised to see it sell out while we were chatting 

with the gas station owner. It is difficult to say what would have happened if someone 

that was not a professional government official (Afriyie-Siaw) with a Western scientist 

and engineer in tow (Dimio and I) had done the exact same thing we did. Would there 

have been as much curiosity or willingness to assume the machine was selling quality 

products and that it would provide future access to resources? Then, there is the difficult-

to-theorize concept of novelty or newness of an artifact. Is the condom you receive after 

interacting with the device ancillary to paying for a new experience? Answering these 

questions required more observation.  

The gas station seemed to be such a success that we decided our next steps would be to 

stabilize and enhance what little momentum we had found with the installed vending 

machine. Edward and his fellow undergraduates (working on different projects) were set 

to stay for the whole month of July while the grads and Eglash were only staying for two 
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weeks. On the night before my departure, I sat down with Edward to plan out the last two 

weeks of his stay. We agreed that he should continue to work on the electronics 

components that Afriyie-Siaw was excited about so that we might stay in her good 

graces; go out to the gas station again to fill up the vending machine with condoms; and 

install a vending machine at the hospital. Edward sent the following email on July 22nd, 

just a few days before he was set to leave and a little over a week since I had left: 

I got the software working pretty damn well. When a button is hit, the 

arduino wakes up and sits idle for 30 seconds. This period gives enough 

time for the SIM shield to connect to the MTN network. At the end of the 

30 seconds, a text message is sent out with how many condoms were 

bought in that period. This solves my timing issue and is still saving A 

LOT of power[.] 

I tired [sic] to power the arduino and shield with a 9V battery. It didn't 

provide enough current to run the both devices at the same time. Our 9 D-

battery electric-tape job is powering the whole thing fine though. 

I'm currently sitting in the Vodafone [the corporate-sponsored Internet 

café on campus that supplied our only broadband connection] while some 

epoxy is setting at the guest house. Its bonding the button to the housing 

so we can sense a purchase. When I get back, I'm going to stuff all the 

electronic guts inside and our first modified [machine] should be finished! 

I'll send you pics of the install tomorrow evening. 

Felix [our driver] got me the dongle [the external modem that allowed our 

computer to connect to the cell phone network and send and receive text 

messages] when he got back. I'll make sure to get everything to him when 

we are done here. Its crazy to think that we only have 9 more days here. 

Now why would it take a week to accomplish three relatively simple tasks? Part of the 

answer comes out of the next two emails I got from Dimio. Here is part of the first which 

arrived in my inbox on the 23rd: 
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So today didn't go as expected. 

I had everything set up and ready to go by noon, as thats [sic] when Felix 

was supposed to take me to the hospital. In the morning, I reminded Sam 

and Will that I needed to borrow their drill for the afternoon to do an 

installation. They said it was OK but the drill was with the rest of their 

things at the loading dock. So we decided that I just would stop there 

before heading on the way to the hospital. When I got there, the drill was 

plugged into the wall to charge but they had forgotten to turn on the switch 

to the plug. It never charged up. I took it anyways and stalled for an hour 

at the hospital, hoping that it would be enough for the drill to power up. I 

got through 1.5 holes before the battery died again. 

Then the day after on the 24th:  

Ok, so after a rough start, drilling the machine into the wall took about 5 

minutes. After that, I positioned the Arduino inside the box and hooked it 

up to the battery. It booted up fine and and sent out a quick "A condom 

has been purchased" text when I tested the sensor. It seemed as if 

everything was fine and dandy. I closed the Frankenstein box and turned 

around to go into Helena's office to grab the screws to seal it. One of the 

guys walks in a few seconds after me and asked if the machine was 

supposed to be smoking. I ran to the machine and unplugged the arduino 

as quickly as possible. It was too late, something shorted in there and it got 

hot. I don't know if the Arduino is completely fried but the plug that 

connects to the battery melted. We won't be able to run it off battery 

power anymore.  

I ripped out the guts and left the condom machine on the wall. I figured 

that it could be used mechanically until I return with a new Arduino.  

My plan for tomorrow is to make a new box and insulate it. Before, I 

taped around the batteries and the arduino. This time I'm going to make 
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sure the entire inside is covered by a layer of cardboard from the boxes 

that the Arduinos came in. When that is done, I can return to the hospital 

on Wednesday afternoon/Thursday morning and replace the box I left 

behind. 

What would be moderate resistance in the context of RPI ended up being strong 

resistance that caused day-long setbacks in Kumasi. Resources like drills and the 

attention of our driver Felix were in short supply. Edward was also dealing with 

particularly complicated problems that would be difficult anywhere, but are particularly 

confusing in a place where something as simple as buying a drill or batteries seems alien 

to him. 

Between the wiring and the cardboard boxes it seemed ill-advised to install more vending 

machines. Not only would the unmodified machines not provide the kind of information 

that Afriyie-Siaw wanted, they would eventually fail completely after the supply of 

cardboard boxes ran out. We briefly discussed the possibility of placing a little container 

next to the machine asking people to deposit the box and keep the wrapped condom but 

even that would only be a stopgap measure and reduce convenience. By the time Edward 

left we had achieved the following: 

1. The condom machine installed in the gas station sold out and was restocked 

only to sell out again, but no infrastructure existed to continue refilling the 

machine, especially the tiny boxes. 

2. The condom machine at the hospital sold out three times in the span of two 

days. Afriyie-Siaw continued to fill it and operate it for several months before 

running out of boxes. 

3. Got a purchase monitoring system working in theory, but not in practice. 

The vending machines we had brought, as evidenced by their resistance to modification 

and reliance on cardpaper boxes that were prohibitively expensive to replace, were not 

suitable for the Kumasi context. The machine at the gas station eventually ran out of 

boxes and stopped getting refilled. Afriyie-Siaw kept the boxes for as long as she could 

and made an effort to care for the machine as much as possible. Even then, which one 
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might consider being the best of circumstances, the machine did not hold enough 

condoms and refilling it became a nuisance.  

Given that this had been the only vending machine we could manage to get to Ghana in 

the first place, it became increasingly clear that importing a vending machine 

encountered far too much resistance. Making the machines work called on too many 

resources that were either time intensive (refilling the machine) or expensive (replacing 

the boxes). Worse yet, even if all of the off-the-shelf machines worked perfectly, there 

were high import tariffs to pay and necessary modifications to make so that they would 

accept Ghanaian currency. We had made all of our accommodations in the machine by 

modifying it to its limits. It was clear that these vending machines just could not survive 

the resistances of the Kumasi context. This was why we embarked on the project of 

making open source machines in Ghana. 

Our familiarity with CTP helped us think through the problem of failing vending 

machines. It has become fairly standard in STS literature to describe engineers’ and 

scientists’ perspective on their work and the world(s) it shapes as a “view from nowhere” 

(Nagel 1986; Haraway 1988). As I have already discussed above, this universalistic 

perspective elevates the engineers’ interpretation of events as a reading of facts rather 

than an interpretation of the constitutive contingencies of any given technological 

problem. Such a perspective will often blind the engineer from anticipating or even 

seeing the technical problems embedded in sociotechnical controversies (Akrich 1993; 

Eglash 2006; Philip, Irani, and Dourish 2012). Especially in situations where the cause of 

a malfunctioning technical system is ambiguous or a mystery, actors will externalize 

problems and formulate (in the words of Akrich 1993) “accusations” that implicate 

social, political, or personal factors.  

Madeleine Akrich’s study of the installation of a gazogene in a rural Costa Rican village 

provides a contrast to our own interpretation of the problem. The French engineers in 

Akrich’s case completely refused to acknowledge the on-the-ground realities of their 

failing machine. The gazogene was meant to convert biomass (mostly felled trees) into 

electricity through the application of intense heat. This particular gazogene rarely 
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worked, and one of the first issues to be identified was the buildup of oil deposits around 

the motor’s cylinder head. The levels of tar in the oil were 100 times greater than 

anything the French experts had ever seen. Given the “relative lack of an interpretive 

framework” to understand the gazogene in relation to the local supply of wood, engineers 

were prone to passing blame off to those that took or transcribed the oil samples, or the 

local operators of the gazogene. The exact cause of the failures was never quite 

identified, and something as complicated as a gazogene may not benefit from our CTP-

informed, appropriate design approach.  

Understanding capitalism and its concomitant structural oppressions as emerging out of 

all action, including those that seek to oppose hegemony, will lead to better decision-

making in the moment. By properly identifying the aspects of our work that pry open the 

cracks in capitalism, those engaged in praxis can work smarter with the few resources 

they have at their disposal. But how does one properly measure whether or not any given 

practice or public technology is actually opposing capitalist means of production? This is 

the topic of the next chapter where I introduce “recursivity” as a metric for anti-capitalist 

work. 
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CHAPTER 4: RECURSIVITY1  
The measurement of things, like all endeavors to knowledge, is bound up in structures of 

social power. What gets measured, who measures it, by what means, and how often the 

measurement is taken are some of the more obvious ways that power is exercised 

(MacKenzie 2012). There are also more subtle but totalizing ways that metrics are co-

produced with regimes of expertise (Foucault 1995). This chapter argues that efficiency, 

both as a specific metric in engineering and economics and as a more popular notion that 

is antithetical to waste, hamstrings efforts at dual power because efficiency and 

succeeding at capitalist modes of production are so closely intertwined. I offer up 

“recursivity” as an alternative metric that properly evaluates the value circulation 

endemic to commons holding and pre-proletarian modes of production. 

The Sanctuary’s Freedom Square project draws out the quintessential problems of 

efficiency in activist projects. Having received several sizeable grants, the Sanctuary 

embarked on a massive project that transformed several vacant lots into outdoor 

classrooms, murals, and performance venues. Freedom Square was the biggest project 

and was largely designed by a core group of volunteers (all were white and non-local, 

save for Pastor Willie whom I will introduce in a moment) who came up with the general 

form and function of the lot. They made a rough model of the square (Figure 13) out of 

clay and household items and brought it to a community meeting in the basement of 

Pastor Willie’s church (Figure 12). They handed out schedules for events and 

construction deadlines and asked for feedback on the design and future participation in 

events and building the mural. 

The design, as far as I could tell, did not change much from the initial model, with the 

exception of some pillars that were supposed to be donated by the city but were rescinded 

at the last minute and sold for scrap. The sudden shift made it into the newspapers, but 
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little was learned: “They were promised to them but we don't know who promised them," 

was all the newspapers could get from the mayor’s office (Crowe 2013). The rest of the 

design was left mostly unchanged: It would be all permeable ground (packed gravel and 

grass) with a stage that rose up from ramps on either side. There was also to be a built-in 

barbeque station, some fruit-bearing trees, and flowers. Behind the stage there would be a 

tall concrete wall to help direct sound, cut down on wind, and provide an opportunity for 

some very visible public art. That art would be directed by the mosaic mural artist Isaiah 

Zagar whose best-known work is Philadelphia’s Magic Gardens. Zagar came up from 

Philadelphia where he lives and stayed for several days, during which he directed dozens 

of people to break mirror and ceramic and then place them into mortar. 

Participation fell into a few big silos. The first involved lots of children in surrounding 

schools. For several months prior to Zagar’s arrival, a Sanctuary volunteer (whose name I 

will withhold because I did explicitly talk to her about being a part of this research) 

worked with children in local schools to make small ceramic pieces of art to be included 

on the wall. Their pieces were some of the many pieces of ceramic that the second silo of 

participants used to decorate the stage’s background wall. This second silo was made up 

of people who had paid the sanctuary for a workshop with Zagar, and they were the ones 

who started the mosaic process. 

Zagar had a rough outline of what he wanted the mural to look like and instructed people 

with mirrors to follow a chalk line he drew across the concrete. He brought out buckets of 

tile in a deliberate order, but gave minimal instructions of where they should go (Figures 

14 and 15). It was, to borrow a phrase from Pickering and the previous chapter, a very 

“de Kooning” approach to artwork. Zagar may have very likely studied de Kooning as he 

earned his B.F.A from the Pratt Institute, although I never thought to ask him.  

Later that day a second wave of people that, as I spoke to them, seemed to come from all 

around the neighborhood learned from Zagar and the first group how to put the mural 

together. Most people did not seem to know each other and if they did, they arrived and 

left together. A man named Peter, who installs tile in homes and businesses, said he came 

because he enjoys tiling and heard that it was "for the homeless" and likes to help out 
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with causes. The tile business he works for (along with another man that brought his 

daughter to the event) donated excess tile after being contacted by the Sanctuary. Both 

men live in Troy, but the tile business is in nearby Schenectady. A woman came by 

briefly and said she was very busy but wanted to stop by. She lives nearby and was 

helping clear out a house that had caught fire (there were a string of suspicious fires that 

summer), and before that she was at a celebration reception for her pastor who had just 

received his PhD.  

The third and final silo was the planting and building of all the other things around 

Freedom Square. I was not around for most of these events but it looked like they brought 

in lots of work from the nearby bike shop and the community garden. From looking at 

photos of the construction process and talking to Sanctuary volunteers afterward, it 

seemed like the building of Freedom Square had been folded into the extensive 

programming provided by the Sanctuary and nearby organizations.  

 

Figure 12 
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Figure 13 

 

Figure 14 
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Figure 15 

Up to this point—with the notable exception of these last two silos of participants—I had 

worked exclusively with people who presented as white, most of who were middle class 

as far as I knew, and none of them lived on the same block as the Sanctuary. North 

Central is one of the most underserved and segregated neighborhoods in Troy. It sits in 

between a rapidly gentrifying downtown to the south and a more affluent suburb to the 

north typically referred to as the North End or Lansingburgh. According to the 2010 

census, North Central is a minority-majority neighborhood, while the downtown and 

Lansingburgh are 67% and 71% white respectively (U.S. Census Bureau 2010). It would 

be wrong to say that White America “abandoned” or “fled” North Central, because so 

much of the neighborhood bears the imprint of active sabotage, not just neglect. The most 

obvious example is a classic one: A state highway stands where a few blocks of black-

owned businesses once stood, thus replacing a source of wealth with a physical barrier 

that cut off that community from the rest of downtown.  

“I’ve been around but I’ve never seen a city such as this one,” Pastor Willie Bacote of the 

Missing Link AME Zion Church told me in an interview in May, 2014. “This reminds me 

of South Carolina back in the 60s. You had those people who lived out in the country and 

we had the white folks down there but the elite lived up there and they wanted you to cut 
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their yard [but] they’ll feed you at the back door.” Missing Link was right across from 

The Sanctuary, and he was a regular and very active presence on the block. His church 

ran several social services including regular meals through his “feed-a-kid” program (he 

reported that families as far away as Albany would visit), a free computer lab with a fax 

machine, and a thrift store where he sold deeply discounted toiletries, furniture, and other 

household items. Pastor Willie was also at the forefront of some of the largest protests 

against police brutality the city had ever seen in living memory.  

Those marches and city hall meetings had been that past winter, but once summer had 

come around the momentum seemed to have died, and Pastor Willie decided he wanted 

to return to his home town of Florence, South Carolina. “I’ve served my purpose and my 

calling here and it is time for me to go.” He left by the early fall, but was still in town for 

the grand opening of Freedom Square. It was at his insistence that Freedom Square have 

a barbeque grill, and once it was complete he started using it and would come to every 

event. 

Pastor Willie’s relationship with the Sanctuary was long and mutually supporting. I asked 

him how they started working together. He had a hard time remembering but eventually it 

came to him:  

I remember we were doing an after school program with the kids and 

Branda began doing filming. It was a workshop they were doing. The 

camera workshop. They wanted to get the kids involved that’s what it was. 

They saw the number of people that were involved in our program. So you 

know Branda, she came over and offered these programs to the kids and 

we started sending the kids over and we started mingling our kids with 

hers and … that’s how that relationship started. 

Nothing, perhaps short of God himself, matters more to Pastor Willie than community. It 

is in nearly every sentence he utters, and is both the mechanism and impetuous for his 

actions. When I ask him to define the people and place that make up the community he is 

constantly invoking, he describes a series of nested rings of people: 
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I’m talking about as far as I can see North Central. I’m talking about the 

disparity of the people I serve here. Poor African Americans, poor whites. 

Especially in North Central because that’s what you got. We’ve got a lot 

of poor whites, poor blacks, poor Hispanics in this community. When I set 

up the Feed-A-Kid program it concentrated on the kids in the immediate 

area but then the word got around and we were feeding kids from South 

Troy [the neighborhood directly south of downtown], North Troy, you 

know all over. People were coming from Albany, “Pastor Willie’s got a 

program over here!” It encapsulated the whole Capital Region area. you 

know? 

When I asked if The Sanctuary was part of the community he answered without 

hesitation:  

Without the Sanctuary in North Central Troy there would not be a 

community. The Sanctuary plays a very vital, unique, and important role 

in helping individuals who have been disenfranchised for so long feel 

inclusive in their own community. That’s what Branda and Steve do. The 

Sanctuary was here before us [AME Zion Church]. … The Sanctuary was 

offering something that people had not seen for so many years and that 

was hope. And when you give hope to a community or to a people, things 

will change. They serve such a unique role in this community. I thank God 

for the Sanctuary for Independent Media. 

This was a difficult dynamic to make sense of. On one hand, few of the big design 

decisions were coming from people who lived on the block. On the other, it was not clear 

to me that anyone who did want to get involved beyond participation in pre-planned 

events would know how. Scaffolding stakeholder participation is a common difficulty in 

these sorts of projects, often involving frequent structured input that is turned into models 

or draft plans, and then shown again to stakeholders for another iteration of review and 

comment (Lennertz and Lutzenhiser 2006; Kemmis and McTaggart 2005).  
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What the Sanctuary excelled at was building opportunities for participation in a wide 

variety of planned activities. The Sanctuary offers training in multimedia production 

(each performance is recorded in high definition and streamed to the Internet, with 

neighborhood kids behind most of the cameras most of the time) and something they call 

the “Uptown Summer” program. Uptown Summer is a paid, five-week training session 

where neighborhood teenagers learn how to document events, edit the footage, and put 

together a polished and complete documentary or movie. The subjects of these videos are 

the intense programming schedules that Branda, Steve, and other organization leaders put 

together. 

It was clear to me that Branda and Steve wanted the Commotion Wireless network to go 

up in the same way Freedom Square was built or the way their youth media production 

training is administered. It is a particular organizational style that relies on highly 

structured participation but provides few deliberate opportunities for participants to 

change the terms of their participation.  

Everything that went into Freedom Square was certainly a lot of work, and done out of 

what I saw as a genuine desire to build something that was for and by the people that 

lived around it. How that was implemented however, did not sync up with the method 

that I was looking to employ, which required participation at a more fundamental level of 

the design. Newspaper coverage of Freedom Square was already promising free Wi-Fi 

(Crowe 2012), but I still had no idea if the firmware was going to work.  Who I had been 

working with up to that point did not look like the people it was supposed to serve and, to 

make matters worse, it was difficult to find the brake pedal on the whole thing, let alone 

learn how to pump it. 

Put another way, there was a momentum to the project, a sense of urgency among Branda 

and Steve, that this needed to be done soon or not at all, and there was a decent pool of 

money and even volunteers that were willing to help. The whole project, however, was 

caught in a bind; the network connection seemed too unreliable to warrant asking for 

neighbors’ precious time, and overall optimism about the project began to fall within the 

Sanctuary as I continued to delay community outreach until we had a stable system to 
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work off of. This disagreement in method was easy to see in my email exchanges with 

Steve. He was insistent that we start installing radios and fold in the “public component” 

later.  

Another option forward, which I had not taken, was to dump Commotion all-together and 

do a round of community workshopping where the approach to network administration 

was on the table as well. I did not go down that path for several reasons. First, for better 

or worse (and this is something I really only realized in hindsight), I had started operating 

under the false logic of sunk costs. I had fallen into the sort of thinking that I was afraid 

would take hold if we had spent all of our money on a professional SMS messaging 

service. It seemed so clear to me that a functioning Wi-Fi network would be the result of 

sticking to past decisions rather than going back to basics. Second, that thinking is 

somewhat understandable given that a working network always seemed a few days’ work 

away. Some days the radios would work, then I would come back a few days later, ready 

to plan out another radio, when the first one would go down again.  

There are many ways to dissect this change of approach, but this chapter will focus on the 

role of what the sociologist Max Weber called “rationalization”: the funneling of all 

forms of knowledge and administration into quantitative measurements filtered through 

written rules executed by professionalized office-holders (McKinnon 2010; Weber, 

Gerth, and Mills 1958). Everything, from the Sanctuary’s success in acquiring grants to 

individuals’ conception of an orderly city, is bound up in rationalization. I offer up 

recursivity as one of many possible means of thinking past rationalization and toward a 

more iterative perspective. 

I begin this chapter by describing how technological systems and the socio-economic 

order co-constitute one-another around efficiency metrics. I then go on to define 

recursivity as social conditions that contain within them all of the parts and practices for 

their maturation and expansion, and show how organizations that demonstrate recursivity, 

like the historical English commons, have been marginalized or destroyed all together. 

Finally, I show how the ownership of property is inherently antithetical to the closed 

loops of recursivity. All of this is fortified with examples from the case studies. 
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WHAT IS RECURSIVITY? 
Why do so many counter-hegemonic projects wither on the vine? I contend that many 

academics, activists, and political actors have been far too rational in their work. That is, 

there have been precious few interrogations of activists’ role in maintaining 

rationalization. Rationalization encompasses how individuals make sense of the world, 

how governments rule, and what aspects of the universe are within the realm of scientific 

testing and understanding. It is not likely that any single strategy can undo 

rationalization, and a complete up-ending of Enlightenment reason would be throwing 

out the baby with the bathwater. Instead, this chapter proposes that those seeking to build 

a world outside of or beyond capitalism should pay attention to the way their projects 

relate to and support efficiency. Efficiency appears to be a tool that is especially bad at 

dismantling the master’s house. In its place, I propose that those seeking to build counter 

power institutions and communities would benefit from learning to think in terms of what 

I call “recursivity.”    

Recursivity engenders a concern for reproduction rather than simple production. It 

recognizes that property is not only theft, but also a destructive force that is antithetical to 

the kind of closed circuits and self-referential loops that make for sustainable systems. 

Recursivity is thus a kind of metric for what Eglash (2014) calls generative justice. 

Generative justice, simply put, is keeping value close to its source of production and 

reducing the constituent factors that lead to alienation, thereby increasing autonomy of 

individuals and small groups. Since the “value” that is circulated in generative justice can 

be both material as well as semiotic—it works whether we are sharing code or compost—

we can simply say that the better a system is at utilizing its outputs as inputs, the higher 

its recursivity. However, “better” does not simply mean “more.” That is, recursivity may 

not scale the way that efficiency scales and monocultures, where a single actor dominates 

the ecology, are not necessarily emblematic of recursivity.  

Output/input relations at one level can be nested within meta-output/input at a higher 

level. For example, open source development communities that build the tools that are 

both the basis for and the medium through which the community members contact one-
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another can form a recursive public (Coleman 2012; Kelty 2008) Thus recursivity is 

ultimately reflecting the system’s ability to sustain and nurture its own generative 

capacity. It also follows that something that reflects or is imbued with recursivity should 

be organized from the bottom up, with hierarchies only going as “vertical” as self-similar 

features can withstand. In other words, the scaling properties of recursivity are bounded 

by the ability of the system to maintain self-similar organizational schemes at every level 

of the system’s hierarchy. 

In general, recursivity engenders the following qualities: 

• Easy to understand guiding principles that scaffold individuals’ actions into 

predictable and socially desirable outcomes.  

• An extremely close, if not totally indistinguishable, connection between means 

and intended ends.  

• Sensitivity to closed loops and a seeking out of opportunities to link up, make 

compatible, or otherwise connect the inputs and outputs of a system. 

• Sustainable scalability that, rather than seeking control over possible externalities, 

seeks to make systems adaptable and flexible to unpredictable events or 

conditions. 

• Sharing and fecundity, rather than ownership and scarcity. 

• Mutual trust and individual autonomy, rather than competition and control. 

The SMS Condom Locator met all six criteria, albeit imperfectly. The ways that the 

condom locator fell short of recursivity were also our biggest technical hurdles. Had we 

continued to develop the condom locator we would have faced serious challenges with 

regard to user data input. Here is how the SMS Condom Locator stacks up against the 

recursivity criteria:  

• We thought the system only required some fairly simple user inputs that would 

lead to desirable social outcomes (more condom usage), but the relative lack of 

stable naming conventions and user literacy made our system fairly complicated 

to use. 
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• Our intended ends of more access to reproductive choice through the affording of 

access to information that was necessary to make that choice was a fair linking of 

means and ends but ultimately may have reproduced class striations that were 

exacerbating the problem. 

• We wanted to eventually make the system not only a good condom finder but also 

a system by which users could report new places to buy condoms, thus linking 

inputs to outputs. This was difficult, however, due to the constraints of text 

messaging itself, and the lack of standard addresses and naming conventions. 

• FrontlineSMS gave the option for sustainable scalability and, rather than seeking 

control over possible externalities like changes in vendors, makes it possible for 

users to adapt the system themselves. 

• The SMS Condom Locator fostered the sharing of condom locations and was built 

on open source standards that were themselves also shareable.  

• The decision to eventually open up the system to user-reported purchase locations 

fostered mutual trust and individual autonomy. 

To remind the reader, we began our investigation into the viability of a text message-

based condom locator by asking each other how American Idol works. We found that 

such a system was both expensive and proprietary which left us, —to use the language 

introduced in the previous chapter—in a bad negotiating position. What would have 

emerged out of such a system would have not only locked us into the wrong approach, it 

would have encouraged us to recreate the one-to-many relationship American Idol has 

with its audience. (This was only evident after we found out precisely what these systems 

are capable of doing and what they are not.) The open source tools Licato ended up using 

represents an interesting dynamic between recursivity and emergent capitalism. That is, 

the resistances of capitalism can be so definitive (e.g. it is financially impossible for you 

to do what American Idol does) that it forces you to adopt more recursive strategies to 

accommodate.   

The SMS gateway service is not unlike the tomato harvester: it is a technology that 

demands a certain kind of human organization to operate it. It is a technology built by 

and for large, hierarchical organizations, and we got that message fairly quickly. That led 
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Licato to FrontlineSMS, which, while not optimized for handling a large amount of text 

messages very quickly (efficient), was flexible enough that it could be folded into a more 

sophisticated vending machine network later on: one where users could text the service to 

find vending machines, and the machines could potentially send a text to their owners 

when they need to be refilled.  

Where the SMS Condom Locator fell short of recursivity was in its ability to scaffold 

users’ actions and link up inputs to outputs. There was no great way to make sure users 

would input machine-readable names for landmarks or eventually input the locations of 

condom vendors. A sociotechnical system’s ability to provide an alternative to capitalist 

modes of production should be assessed based on how well its human and non-human 

actors, interacting with(in) the system, can easily expand that system and create new 

capacity across multiple dimensions. It is my working hypothesis that projects that 

gestured towards recursivity but failed, at least in part, did so because the metrics that 

would have properly described their sustainable and resilient characteristics did not exist 

in the imaginations of decision makers and the public at the time they were introduced. 

This sense-making tool is meant as a corrective. 

Recursivity can be applied across many domains—technical, ecological, artistic, and so 

on. In some cases, it could be interpreted in a rigorous, quantitative form—in others, 

metaphorical or philosophical. My intention here is to introduce it in the more general 

sense of what Linda Layne (2000) calls a “culture fix.” Instead of placing hopes in a 

particular device or gadget (e.g. a technological fix), or in a change in a policy or formal 

institution (e.g. a social fix), the cultural fix focuses on changing the perceptions, 

conceptualizations, and practices that directly interact with technologies. In this case the 

culture in question is what Langdon Winner (1977) calls technocracy: the institutional 

culture of designers, planners, engineers, and anyone else involved in the kinds of 

projects in which efficiency is a fundamental metric. As an addition to reformist, 

prefigurative, speculative, or even utopian design interventions, this essay suggests that 

activists and academics alike pay close attention to the metrics by which they assess 

existing or possible sociotechnical systems.  
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I begin interrogating rationalization in general, and efficiency in particular, by retracing 

the critical perspective on rationalization begun by Weber, and outline the advocacy role 

social scientists might play in promoting recursivity over efficiency.  Next, I explore the 

mutually-shaping relationship between rational organizations and technological systems, 

as it pertains to the division of labor. This is crucial, because if we are to understand 

where potentially oppositional projects went wrong, we have to pay close attention to the 

way human relationships and built environments interact. I will then describe in some 

detail the concept of recursivity, how it acts, and what it might look like in 

implementation. Here I put forward the supposition that recursivity offers us a way out of 

proleterianization and a way towards a new means of common ownership. 

RE-ENCHANTMENT AS STRATEGY 
Underlying Winner’s technocracy is the aforementioned process of rationalization. For 

Weber, modernizing was the systematic disenchantment of the world. Science came to 

replace magical or animistic explanations, bureaucracies organized by the rule of law 

replaced the divine rights of kings, and what one did for a living had more to do with the 

money it provided rather than any sort of station or caste defined by religious or 

otherwise internally consistent logic.  

While recursivity is not a call for a return of monarchy or the four humors, it is a push 

against the irrationality of the rational world. “Weber always had in mind” wrote 

Gronow,  

[rationalization’s] peculiar formal and abstract nature, which was 

expressed most condensely by the quantitative nature of formal rationality. 

Formal rationality of an economic order, while representing the peak of 

efficacy and calculability, was irrational in the last instance, because it 

rejected all genuine substantive value considerations from the sphere of 

economics. The most rational type of action was at the same time the most 

irrational one. (1988, 325) 

Recursivity then, is an opportunity to re-enchant our world with genuine, substantive 

value considerations from not just economics but also, ethical, moral, critical, and social 
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thought. By paying close attention to the linking up of inputs and outputs, one decreases 

their chances of creating an alienating organization that ignores what is commonly called 

“the realities on the ground.” Recursivity, in this way, might be expressed as simply as 

rotating management and server positions in a restaurant. By giving every server the 

opportunity to “view” the restaurant from the point of view of the manager, and visa-

versa, all workers develop a sense of the needs of the organization as a whole. A single, 

dedicated manager might be the most efficient use of payroll, but recursivity asks that we 

value other things. 

The example of the restaurant immediately highlights many of the challenges in 

implementing recursivity. An organization working on razor-thin margins cannot afford 

to experiment on its own. Weber even speculated that “’alternative movements’ to formal 

rationality demanding the incorporation of some substantive values or principles … are 

immediately faced with the ‘demands of the day’” (Gronow 1988, 328). This is because, 

in a rationalized world, success itself is expressed in rationalized, quantified metrics such 

as profit. What then is the model of change in such a situation? Here it would be 

prudent—because this is a cultural fix—to return to the work of Raymond Williams, who 

noted that hegemonic discourse can only be disrupted through the fostering of alternative 

and oppositional cultures. Such cultures can take on either residual or emergent 

properties, meaning that they can draw inspiration and source material from both the past 

and an imagined future (Williams 2006).  

Social scientists have many roles in society. They identify trends that might be useful to 

people in important decision-making roles, analyze everyday life so that we might one 

day improve on that life, and lend an informed and critical perspective to complex social 

problems. At a more theoretical level though, the social sciences are useful to the general 

public because they give names to previously unutterable feelings or relationships and, in 

so doing, produce new possibilities for solidarity and cultural practices. Sometimes the 

social scientist is naming an undesirable or destructive phenomenon. Much like a priest 

performing an exorcism (if the movies about such are to be believed), a social scientist 

has to “name the demon” that has taken control of the social body. It is through a name 

that social movements or even policy can grasp the intangible and either bring attention 
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to it or exorcise it completely. The work of writing and building theory might also be best 

understood as the practice of grabbing hold of previously intangible demons and casting 

them out through the invocation of new names.  

Such an approach also invites us to view this problem in a decidedly non-rational fashion. 

Weber, in his own writing, made the curious decision to make frequent use of borrowing 

chemistry terms to describe social activity (McKinnon 2010). This is odd, given that 

Weber dedicated his career to criticizing rationalization in all of its forms, which included 

appeals to the natural sciences for all aspects of human life. While stopping short of 

calling it a “methodology” this essay does advocate a certain style that leaves room for 

metaphors and thought experiments that encourage a more enchanted view of the world.  

As we seek out and name efficiency in all of its forms, we see that it has penetrated 

nearly all ways of knowing. Efficiency is deeply embedded as an unalterable natural law; 

from quantitative physics (“thermal efficiency,” “electrical efficiency,” etc.) to 

metaphoric conceptions of individuals, social groups, and even whole nations (Gowdy 

2004). Thus, we almost intuitively seek it out, know when it is missing, and impose it on 

our various tasks and jobs (Ellul 1964; Mumford 2010; Virilio 2006). The recursivity 

sense-making tool is meant to be applicable across a broad range of epistemologies, from 

quantitative applications to conceptual classification schemes. It may be used as an 

organizational tool or philosophical shorthand that identifies processes, procedures, and 

organizational logics that might promote or enable generative justice. Just as many 

people might readily recognize the benefits of a fuel-efficient car, it is the aim of this 

sense-making tool that recursivity enables similar measures, intuitions, practical 

judgments and aspirational visions about technologies that afford generative justice. 

To give a more concrete example of all of this, consider a brief back-and-forth that 

occurred at the 2013 Engineering, Social Justice, and Peace conference wherein Randika 

Jayasinghe, an engineer from The University of Western Australia, was describing a 

labor-intensive recycling program that was spread across several different companies in 

Sri Lanka, each taking a different material, using separate trucks to take each. Another 

person in the room asked why there had not been any attempts to centralize the process so 
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that it was less labor-intensive, used fewer trucks, and recycled a higher percentage of 

waste. Jayasinghe’s answer, which focused on the fact that employment and simplicity of 

the recycling process were just as important as the amount of material recycled, revealed 

a tension between resource efficiency and social benefit (Jayasinghe 2013). This is, in 

essence, what recursivity is about: supporting an ecology of mutually-reinforcing positive 

social outcomes, even at the cost of one or several constituent factors not reaching their 

theoretical maximum potential.  

As activists, entrepreneurs, and academics set out to establish new organizations built 

with recursivity in mind, they will provide grist for the analytic mill. More specific 

tactics, strategies, or (eventually) analyses of successes and failures may be best found in 

cultural studies. There are, however, many beachheads to this fight, but arguably one of 

the largest is economics. It is in this discipline that efficiency as a value morphs into a 

seemingly observable natural phenomenon. Economist Daniel W. Bromley put his finger 

on this precise process when he wrote: “’economic efficiency’ has no logical claim to 

‘objectivity.’ And, if efficiency has no secure claim to objectivity, then its 

recommendatory value for determining ‘goodness’ is immediately undermined; it 

survives as a mere value judgment of the economist who recommends it” (1990, 87). 

According to Bromley, efficiency emerged as both an objective property of social action 

and a desirable outcome of economic policy during the interwar years, as Western 

governments were just beginning to adopt popular welfare policies to alleviate poverty. 

For the first time, governments approached policy as a calculus of benefits compared to 

expected costs. John Hicks and Nicholas Kaldor, two very influential economists at the 

time, proposed that economists (and thus government policy that relied on their 

recommendations) deal solely with the production of goods and leave distribution up to 

private interests and bureaucrats. “Economics” writes Bromley, “came to be about the 

production of commodities and the ‘utility’ those commodities could impart in 

consumption” (1990, 91). Hicks and Kaldor argued that how people used these goods to 

increase their welfare should be left up to political scientists and sociologists. This 

division of academic jurisdiction—in conjunction with the myth of a self-regulating 
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market—meant that hot-button issues like income distribution were a matter of policy 

instead of economic analysis (Bromley 1990; Gowdy 2004).   

The consequences of this obscure and academic distinction have been immense. The 

boundaries between what is considered “natural” market forces and government 

intervention are the upshot of economists’ consensus that one can only objectively 

observe production, consumption, and allocation. Human welfare, the nature of work 

(outside of how quickly or cheaply it can be accomplished), and (most importantly for the 

project of generative justice) the degree to which value is returned to its human producer 

have been forgotten by the fundamental measure of productivity.  

For those interested in building counter power organizations, there are all sorts of 

informal assumptions and formal policies that threaten to diminish their democratizing 

effects. Moving from top-down authority to bottom-up recursivity makes organizations 

unrecognizable to regulations and practices that expect hierarchical order and designated 

officials that can speak for the group. Even small deviations from the norm, like 

employee ownership of a company, can reveal widespread obduracy that stretches from 

regulatory bodies to clients’ prejudices. For example, New York City gives preferential 

status to minority-owned businesses when selecting contractors. This important 

redistributive measure is, however, unable to accept applications from employee-owned 

businesses, even if those businesses are comprised entirely of minorities (Jaffe 2015). 

Employee ownership is (as the brief restaurant example above demonstrated) a straight-

forward implementation of recursivity that is relatively common in the American context 

(Alperovitz 2013), and yet it frequently meets similar regulatory hurdles. 

So far I have focused on the ways present organizational formations impede the adoption 

of recursivity and what social scientists might do to promote new forms of organization. 

This is only half the story because, as Winner and Ellul have argued, our technologies are 

the ultimate instantiation of Weber’s rationalized society. What follows now is a deeper 

dive into how organizations shape our technologies and what the implications are for the 

division of labor. 
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TECHNOLOGICAL SYSTEMS UNDER CAPITALISM 
This section will produce a rough genealogy of efficiency (prior to its most explicit 

instantiation in economics) such that recursivity can be explored as its foil. Under 

capitalism, firms that control large technical systems seek out efficiencies while also 

establishing stability. Inventors and entrepreneurs hedge their bets against uncertain 

conditions beyond their system's reach by diversifying the components of the system (e.g. 

an energy company that has large holdings in coal as well as wind power), creating 

redundancies (e.g. parallel backup servers that host social media services), and building 

the capacity to weather “peak loads.” A peak load is a short burst of increased network 

activity—mobile phone usage during a disaster or electricity during a heat wave—that if 

unaccounted for can cause a network to fail (See Hughes 2012 for a full exploration of 

this dynamic). 

As I will demonstrate below, the tendency to eliminate uncertainty by diversifying 

markets, accounting for peak loads, and expanding controllable variables are necessary 

measures in a competitive market economy where efficiency is the metric for success. 

The efficiency-seeking behavior of firms and their isometric technical systems do an 

excellent job of accumulating capital into hierarchical organizations, but they do little to 

promote generative justice. They seek to reduce the number of people making meaningful 

decisions in favor of predictable command-and-control hierarchies.   

Thomas Hughes’ theory of the evolution of technological systems (Hughes 2012) 

explains why for-profit firms are focused on efficiency, but it does not explain why dual 

power organizations, or anyone not interested primarily in efficiency, would be affected 

by these firms’ behavior. How does efficiency influence those that might otherwise be 

dedicated to generative justice and the qualities of recursivity? The most-straightforward 

reason was already discussed in the previous chapter: counter power organizations must 

always interact with large technical systems for one reason or another, whether it be as 

business partners, political adversaries, or simply rival buyers of the same good (Graeber 

2015; Harvey 2012).   

There is also a much subtler and pervasive way that large technical systems impose an 

ethic of efficiency on those otherwise inclined to work towards recursivity. The products 
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or services produced by firms reproduce and reify the social relations that produced them.  

In other words, as Lewis Mumford once observed, “we cannot intelligently accept the 

practical benefits of the machine without accepting its moral imperatives and aesthetic 

forms” (Mumford 2010). 

 Mumford was deeply skeptical of technologists’ claims about machines’ timesaving 

properties. He noted that while steam and electric-powered devices sometimes saved 

effort or time, “an elaborate mechanical organization is often a temporary and expensive 

substitute for an effective social organization or for a sound biological adaptation” (2010, 

275). Technologies, especially when many people rely on them, tend to change social 

habits rather than simply augment or mediate them. Mumford is careful to note that 

mechanical devices do not impose their own kind of politics, rather politics works 

through technologies to order human life.  

Nowhere is this seen more acutely, according to Mumford, than life under the precisely 

measured time brought about by continental railroads: “Under capitalism time-keeping is 

not merely a means of coordinating and inter-relating complicated functions: it is also 

like money an independent commodity with a value of its own. The school teacher, the 

lawyer, even the doctor … conform their functions to a time-table almost as rigorous as 

that of the locomotive engineer” (2010, 270). Technologies like time-tables and the trains 

that rely on them make it possible, and even necessary, to control people at never-before-

seen scales and magnitudes.  

Jacques Ellul also recognized that machines were not the sources of what he called 

“technique” so much as the methods by which it was enacted. He defined technique as 

“the totality of methods rationally arrived at and having absolute efficiency (for a given 

stage of development) in every field of human activity" (Ellul 1964, xvv). Technique, 

according to Ellul, pre-dates and is the motivation for the invention of both the machine 

and capitalist modes of production. 

While Mumford and Ellul contend that there is some kind of ideology of efficiency that 

acts as a necessary pre-condition for the invention and development of the machine and 

the economic conditions it works under, Harry Braverman sees capitalism as the driving 
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force of mechanization. According to Braverman, it is machines that make it possible to 

maintain “true control over a highly productive factory by a relatively small corps of 

workers” (1998, 159). What capitalism identifies as progress is always something that 

further subordinates workers to machines, either through increasing the complexity of the 

machinery such that only specialists can understand how it works, or by mechanizing a 

process such that individual workers do not know how to do their job without expensive 

machinery. 

It is worth stating at this point that neoliberal state actors are not the only regimes that 

have exploited millions in the name of production quotas. Communist vanguard 

revolutions have also been adherents to the gospel of efficiency. Paul Virilio, in his Speed 

and Politics, asserted that states’ ability to transcend time and space through the speed of 

technology was the driving force of states regardless of ideology. He contended that it 

was the communist revolutionaries of the twentieth century that dressed themselves in 

military paraphernalia that were the “ultimate capitalizers on the productive act … It’s 

from them, and not from vague philosophers or ideologues, that the political idea of 

nations on the move was born” (2006, 57).  

Vladimir Lenin was particularly fond of scientific management (often described as 

“Taylorism”), which he saw as a powerful tool for accelerating production and even 

instilling the new socialist culture in the peasant class. “The Taylor system,” wrote Lenin 

“is preparing the time when the proletariat will take over all social production and 

appoint its workers’ committees for the purpose of properly distributing and rationalizing 

all social labour” (Quote from V.I. Lenin’s “The Taylor System--Man’s Enslavement by 

the Machine” as quoted in Sochor 1981, 248). The only politically tenable position for 

fellow revolutionaries were varying degrees of interpretation and implementation of 

rationalized and highly efficient forms of work and even culture (Sochor 1981). 

The neoliberal turn of the twenty first century has given rise to dramatically more 

pernicious forms of control that were unachievable by state-sponsored communism or 

industrial capitalism alone. Just as Ellul and Braverman agree that there was a causal 

relationship between machines and capitalism (although they disagree in terms of which 
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prefigured the other), so too is there a co-constituting relationship between digital 

networks and neoliberal forms of control. I argued in chapter 2 that some of what 

Galloway calls protocological control has always existed in large organizations, but it 

would be wrong to say that digital technologies afford no new kinds of control. 

It may be that digital technologies represent a change in degree, not kind, of control. 

Franco “Bifo” Berardi contends that digital technology “takes to the extreme the 

tendency, which Marx analyzed, for labor to become abstracted from concrete activity” 

(2011, 89). Computer networks recombine and recompose old forms of exploitation in a 

way that far out-paces labor’s effort to organize itself. That is, information technology 

has not really produced unseen kinds of precarious work, rather it has reintroduced the 

kinds of precarity that organized labor, largely eliminated in a few countries during the 

middle of the twentieth century. For Berardi, digital technologies are simply extending 

the efficiencies of capitalism into cognitive work that was previously difficult or 

impossible to rationalize and turn it into efficiently produced commodities. 

The sociologist Zeynep Tufekci strikes a middle ground between Galloway and Berardi 

in what she calls computational politics. “Computational politics” Tufekci writes, “refers 

[to] applying computational methods to large datasets derived from online and off-line 

data sources for conducting outreach, persuasion and mobilization in the service of 

electing, furthering or opposing a candidate, a policy or legislation” (2014). It enables 

powerful actors to craft tailor-made messages that seemingly speak directly to the issues 

and concerns of individuals, while obscuring the whole picture. Tufekci is more 

concerned about the institutions and practices that make up civil society than about 

modes of production, but the commodification of personal data blurs that distinction to 

the point of irrelevancy.  

Amidst these strange and subtle forms of control, there are also new forms of democratic 

decision-making. One example that is of obvious interest to the articulation of recursivity 

is Chris Kelty’s “recursive public.” The recursive public is a public that is concerned with 

and thereby comes together over the “material and practical maintenance and 
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modification of the technical, legal, practical, and conceptual means” (2008, 3) of its own 

continued existence. 

Kelty is very restrictive when it comes to labeling something a “recursive public.” Any 

group that does not keep the fruits of its labor in the public domain cannot, according to 

Kelty, be considered a recursive public (Kelty 2008). Eglash and Banks (2014), seeking 

to turn a single point into a spectrum, have coined the term “recursive depth” to describe 

sociotechnical arrangements with varying degrees of positive feedback loops. Some 

groups or organizations (e.g. Wikipedia) do not meet all of Kelty’s requirements for a 

recursive public, but still have recursive elements worthy of theorizing. They describe 

three dimensions on which publics become recursive: public/proprietary systems, 

transformations across online and offline states, and transformations along a social power 

spectrum.    

Eglash and Banks note that, “what is perhaps most striking about open source is its ability 

to build ‘upon itself’ into a semiautonomous alternative arrangement: one with a 

synthesis of legal, technical, and social attributes that can flourish even when interacting 

with more dominant competing forms” (Eglash and Banks 2014, 109). They go on to 

describe how the open source operating Ubuntu Linux “must strive to keep its code open. 

But as a company … must find ways to give users access to popular services that run 

counter to its stated philosophy” (Eglash and Banks 2014, 109). 

 It is in this dynamic that the recursivity sense-making tool aims to intervene. By 

articulating what is good and useful in relationships that value affordances for reciprocity 

over favorable ratios of inputs to outputs, recursivity can help organizations better 

articulate the border between themselves and the “more dominant competing forms.” 

RECURSIVITY AS AN ANTI-AUTHORITARIAN METRIC 
Recursion is a big part of recursivity but it is not the whole story. Recursion refers to a 

system in which outputs at one iteration become inputs to the next. Feedback loops, such 

as a thermostat regulating temperature in a room, would be one example. Recursion can 

also be visualized: self-similar repeating elements that can be seen when holding a mirror 

up to another mirror, Russian nesting dolls, the chambers of a nautilus’ shell, and fractal 
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designs like the Sierpinski triangle are all examples of recursion. Recursion is used in a 

more specific way in computer science, as when a function calls upon itself in order to 

solve a larger, more complex problem (Hofstadter 1999).  

Recursion is a powerful concept that has a very specific definition in mathematics and 

computer science. I have chosen to coin the neologism “recursivity” for two reasons. 

First, I do not want to instigate debates about whether or not something is “truly” 

recursive in the mathematical sense. Recursion is a conceptual basis for recursivity in the 

same way that “equality” is a conceptual basis for democracy; one need not ask how 

mathematicians define equality to use it. I want to make a clear distinction between the 

mathematical source material I am drawing from, and the kind of social relations that 

recursivity promotes. Recursivity is a social condition, not the dutiful execution of a 

mathematical property.  

The systems that exhibit the most recursivity are those that contain within them many of 

the parts and practices for their own maturation and expansion. Recursively deep systems 

are also sustainable in a very fundamental way because the means by which they are 

sustained are also deeply intertwined with their political, cultural, ecological, and social 

ends. Lenin was able to adopt Taylorism (Sochor 1981) because ends and means were 

completely separated under his communism. Unlike the linearity of the efficient factory 

that transforms resources into goods, recursive formations seek out loops that connect 

inputs to outputs.  

Perhaps the best way to illustrate the relationship between—and thus the character of––

both —the status quo of efficiency and the insurgent counter power of recursivity is to 

investigate a historical moment wherein recursive organizational forms existed side-by-

side with more efficient ones, but the former were dismantled to make way for more of 

the latter. History has many such unfortunate stories, but one that has been retold time 
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and again as a kind of urban legend2 that lends legitimacy to capitalistic property 

ownership and eschews collective self-organization as always already doomed to failure 

is the so-called “Tragedy of the Commons.” By revisiting this history I aim to give a 

fuller picture of what recursivity speaks to and what it will hopefully displace. 

It is not uncommon to hear the phrase “Tragedy of the Commons” when talking about 

access to what economists tellingly call “rival goods.” That is, goods that are used up 

such that one’s enjoyment of them precludes other’s enjoyment. “The store ran out of 

those” reminds us of that some rival goods are privately owned. But other rival goods are 

public: water, arable land, and radio bandwidth are all examples of public rival goods. 

Tragedy of the Commons is invoked as a justification for transferring public rival goods 

into the private domain. Without private ownership, the myth goes, society would fall 

into a Hobbesian Mad Max-style fight over resources that would ultimately leave those 

resources ravaged and unusable for future generations.  

What, precisely, does private property have to do with efficiency, and how is the private 

property of today maintaining non-recursive systems? After all, state communism also 

ran efficient and unjust factories. For an answer to this question I turn to Marx’s 

contemporary critic Joseph Proudhon who famously decried that “property is theft!” The 

full quote goes: 

                                                

2 Woolgar and Cooper (1999, 440) note that the academic “urban legend” “possess a 

four-fold structure which organizes the telling of the tale” consisting of boundary 

violation, contamination or embarrassment which is contingent on the boundary 

violation, delayed realization of the contamination or embarrassment, and finally “self-

replication (further spread/contamination) can occur before the condition is detected.” 

Woolgar and Cooper were making the point that while there were major factual 

inaccuracies in Winner’s often-cited “Do Artifacts Have Politics?” (1980), the structure 

of the story actually preserves the analytical point he was making. Hardin was also 

factually wrong, but his theory, for better or worse, still has many adherents. 
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If I were asked to answer the following question: What is slavery? and I 

should answer in one word, It is murder!, my meaning would be 

understood at once. No extended argument would be required to show that 

the power to remove a man's [sic] mind, will, and personality, is the power 

of life and death, and that it makes a man a slave. It is murder. Why, then, 

to this other question: What is property? may I not likewise answer, It is 

robbery!, without the certainty of being misunderstood; the second 

proposition being no other than a transformation of the first? (Emphasis in 

original 2011, 87) 

Proudhon’s comparison of human slavery to material thievery is an apt one, albeit in 

structure not in moral equivalency. More recent studies into modern consumerism 

suggest that (as the eponymous eating metaphor implies) destruction, not thievery, is 

more accurate in describing our relationship to property. David Graeber (2011) writes: 

From an analytical perspective, of course, property is simply a social 

relation: an arrangement between persons and collectivities concerning the 

disposition of valuable goods. Private property is one particular that 

entails one individual's right to exclude all others-"all the world"-from 

access to a certain house or shirt or piece of land, and so on. A relation so 

broad is difficult to imagine, however, so people tend to treat it as if it 

were a relation between a person and an object. (2011a, 499) 

He goes on to observe that this creates a kind of paradox akin to Hegel’s master/slave 

dialectic. Hegel concluded that proving one’s personal sovereignty required the 

acknowledgement of that fact by another free person. But one cannot prove that they are 

truly free unless they are willing to fight to the death to preserve their present state of 

freedom. For Hegel this meant that, absent of any external history or social order, these 

two people must fight to the death to prove their freedom. But if one were to kill the 

other, there would be no one to acknowledge the other’s freedom. One could enslave the 

other, but that would be meaningless because, as Greaber explains, “once one reduces the 

Other to slavery, one becomes dependent on one's slave for one's very material survival 
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while the slave at least produces his own life and is in fact able to realize himself to some 

degree through his work” (2011, 494).  

Proving one’s sovereignty over physical property is similarly paradoxical. One can only 

truly prove complete mastery over an object by destroying it. The eating metaphor, 

Graeber concludes, is 

the perfect resolution of this paradox —or, at least, about as perfect a 

resolution as one is ever going to get. When you eat something, you do 

indeed destroy it (as an autonomous entity), but at the same time, it 

remains "included in" you in the most material of senses. Eating food, 

then, became the perfect idiom for talking about desire and gratification in 

a world in which everything, all human relations, were being reimagined 

as questions of property. (2011, 499) 

Note that the particular capitalist formation of individual property ownership is not 

necessarily required here; only that a single entity claims exclusive ownership, and so 

state-owned factories still fall into this consumer paradigm. Both state communism and 

capitalism eschewed the reproductive, communal sharing of the commons, in favor of the 

inherently destructive property regimes of states that are concerned with the efficient 

production of goods. 

What then were the commons, why are they so often associated with tragedy, and how 

did a such a consistent sense of tragedy come to supersede any other historical account of 

what was a fairly complicated system of resource management? In 1968 the economist 

Garrett Hardin published an article in Science titled “Tragedy of the Commons” in which 

he purports to give a historical account of the English enclosure laws that “saved” the 

land and natural resources that made up the English commons, which he characterizes as 

completely unregulated land. The paper uses this caricature of the commons as a thought 

experiment, demonstrating how goods held in common will always be exploited. Without 

the allocation efficiencies afforded by private property, Hardin and his disciples have 

argued, the spoils of industrial society would be impossible to produce. Furthermore, any 

gains in quality of life will come from privatizing more resources. 
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There were contemporary refutations of Hardin’s work, but Susan Jane Buck Cox’s 

article-length debunking of the Tragedy of the Commons, published in Environmental 

Ethics, is one of the more thorough. Cox’s “No Tragedy of the Commons” (1985) uses 

historical document analysis to show not only that Hardin’s characterization of the 

commons was factually wrong, but that in fact the end of the commons was in large part 

due to illegal seizures of land by wealthy landowners. Cox asserts:  

The commons were carefully and painstakingly regulated, and those 

instances in which the common deteriorated were most often due to 

lawbreaking and to oppression of the poorer tenant rather than to egoistic 

abuse of a common resource (P. 56). 

The Enclosure Acts Hardin cited as the saving grace of the English countryside were in 

actuality a post hoc legalization of something that aristocrats had been doing illegally, 

and with increasing frequency, for several decades. The real tragedy of the commons is 

that rich people will always try to take common property away and extract rents from 

whatever is left.  

The Enclosure Acts were more than an enshrinement of individuals’ greed; it was also 

part of a larger effort to create a market for finished goods. Rather than subsistence 

farming that utilized a regulated and peer-supervised commons, the rural peasantry was 

expected to purchase a larger portion of their daily needs in a marketplace. Here, I argue, 

is where the myth of efficiency won out over the reality of recursivity. Instead of 

developing and improving the ability of people to access common property, capitalists 

restricted access to the basics of life and turned them into goods to be sold.  

Recursivity requires that we develop alternative systems that stretch from raw materials 

to finished product. Without such a deep dive through supply chains, there is less 

opportunity to create the self-referencing loops that return outputs—either “waste” as in 

composting or “products” as in open source code—back to the system. But even that 

vocabulary is conditioned by efficiency: are “raw” materials ever truly “raw”? The 

waste/product dichotomy erases the existence of prior generation and circulation by 

humans and non-humans. Recursivity measures things based on how well values are 
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effectively circulated from the bottom-up, not how effectively they are turned into goods 

with attached prices from the top-down. Recursivity demands that we build new 

vocabulary, conceptions and process: a new commons. 

It should be stated explicitly that building a new commons is not a return to the 

commons. Recursivity does not require that we become sharecroppers or goat herders, 

although it would be nice if farming were an option left open to more people. What I am 

suggesting is much more incremental than any kind of back to the land movement. 

Instead, I am trying to nurture a reversal of proletarization by developing a popular 

metric by which we can measure that reversal. 

IMPLEMENTING RECURSIVITY  
Recursivity is a helpful way to think of what worked and what did not in both projects. 

One failure of recursivity involved the design of the outside of our prototypes and the 

attempt to incorporate Adinkra ink into our design.  In July 2014, the last trip our team 

could make to Ghana before the Ebola scare made it impossible to visit, undergraduate 

engineers Joseph Baker and Aimee Beaudette were able to work with an Adinkra artist 

Gabriel Antwi Boakye and Jorge Appiah to design and affix a cloth covering for the 

vending machine (Figure 16).  
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Figure 16 

This machine was mounted to the wall outside of Afriyie-Siaw’s office and received 

moderate use. In September 2014, Eglash suggested a group of students in his design 

studio class look at the vending machine as a possible-semester long design project. The 

students—Alexia Ioannou, Peter Calaitzopoulos, Stephen Schiavone, Sarah Bogdan, and 

Vanessa Miller—considered several feature of the machine before settling on resolving a 

concern Afriyie-Siaw brought up with them over email: 

Can we have a different design on the box? I like the Kente covering but 

that is our official cloth for occasions, and I don’t want it in a cloth form, 

at least we can have it in a paper form with the HIV/AIDS and the 

Sankofa symbols we did with Audrey [Bennett]. The black tape that was 

used is also peeling off making it a bit unattractive. (Ioannou et al. 2014) 

The “symbols we did with Audrey” was a reference to our first trip to Ghana in 2011 

when we worked with Boakye to design Adinkra-based AIDS awareness symbols. The 

Sankofa depicts a bird looking behind its back and is meant to connote “you can always 

return.” Boakye and Bennett thought of putting a condom in the bird’s mouth to express 
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“you can always go back for a condom.” The students ended up designing several 

exterior treatments and sent pictures back to Afriyie-Siaw for her to circulate at the STI 

clinic and gather design feedback. The one they ended up printing and shipping to 

Afriyie-Siaw (Figure 17) was liked the most because it was “not about health” and 

anonymous respondents thought “the condom in the middle and don’t forget at the 

bottom are good design choices.” Perhaps most importantly though, “You know what the 

machine is more subtly.” 

 

Figure 17 | (Ioannou et al. 2014) 

While we have yet to be successful with a vending machine covering that incorporates 

Adinkra ink (not just the symbols) and is aesthetically pleasing, the goal is still worth 

pursuing. During the ink-making process, several other useful products are made 

including edible mushrooms, an anti-inflammatory medicine, and financial help for the 

preservation of the Badie Tree from which it is derived (Eglash [Forthcoming]). 

Inculcating the OSCVM in such a fecund process would be a model recursive economy. 

What the PDI 5 students produced was laser jet ink on glossy self-adhering paper stock 
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and, while that is certainly not recursive, it was the most accessible way for the students 

to iterate the design. Recursivity then should be understood as a means of inquiry and an 

aspirational goal, not only a judgment of a final outcome.  

In North Central the Commotion Wireless Wi-Fi network failed largely because of an 

inability to foster trust and responsibility for the network. Recall the three recommended 

components of a Digital Stewards program from the summary email I sent Branda and 

Steve: Tech skills, organizational support, and “handyperson” ability. We had these three 

components in fits and starts but there was never a sustained orchestration of these three 

components. Our disagreement over the method of setting up the network was ultimately 

a difference in judgment about what would bring such an organization to life. 

For Branda and Steve, a working Wi-Fi network was a prerequisite for further time and 

resource investment. Coleman (2012), in her ethnography of free software developers, 

likens the demand for working code and systems to Latour’s “theater of proof,” wherein a 

demonstration or a working device is itself an argument for the way the world works. The 

developers of Commotion Wireless (itself a free software project) cut against this 

observation. Whereas the Sanctuary operated as a kind of theater of proof, demanding 

that working systems be developed as a means of proving its worth, OTI knew that 

Commotion Wireless needed a diversified community of “stewards” to keep the system 

working. 

The logic behind the stewards program goes much deeper than systems administration or 

maintenance. Rather, it is an acknowledgement that, as Virginia Eubanks says, 

“technology is a way of shaping what it means to govern and what it means to be a 

citizen” (Eubanks 2011, 29). The relationship between justice and technology is not 

defined solely by an equal distribution of artifacts, but instead a renegotiation of who 

controls digital networks, whom they make more visible, and what gets obscured through 

digitization.  

From a recursivity perspective, it is important to consider Commotion’s constant need for 

care and attention. Such neediness is actually a fairly good sign of recursivity, as 

something that “just works” would not engender a need for mutual trust and may have to 
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trade adaptability for stability. Additionally, if mesh networking is to maintain its 

political directive of “electromagnetic jaywalking” it has to encourage communities to 

form around it, not treat it like another utility. 

Laet and Mol describe a similar human-technology relationship in their article on the 

Zimbabwe Bush Pump type B. They describe “many grades and shades of ‘working’” 

(2000, 225) that are tied to a community’s ability to find spare parts, protect their water 

source from contamination, and use the pump with regularity. Laet and Mol observe, 

In order to be a pump that (pre)serves a community, it not only needs to 

look attractive, have properly fixed levers and well-made concrete aprons, 

it must also be capable of gathering people together and of inducing them 

to follow well-drafted instructions. It must come with a Vonder Rig [a 

mechanism used to bore the well hole] and invite people to push bars, sit 

on them or dance around them. It must seduce people into taking care of it. 

Thus the boundaries around a community pump may be widely drawn. 

Indeed, they embrace the community. (2000, 234–235) 

Like Commotion Wireless, the Zimbabwe Bush Pump type B is not made to be quickly 

installed and forgotten. It is meant to be an active component in the lives of the people it 

serves—something that can be easily mangled based on the contingencies of the moment 

and place.  

Of course in assessing whether or not such needy (Laet and Mol use the word “fluid”) 

technologies are actually good for underserved communities, one has to make the same 

comparison Eubanks asked me to make at the beginning of the project. Should 

Zimbabweans be constantly attending to their water pump and gathering the whole 

village together to drill its well while I and most Americans can live a life ignorant of our 

water source, let alone how it reaches our mouths and hands? Is it desirable to have 

affluent white communities get their internet access from a corporation that only asks for 

a fee while everyone else has to stitch together a collection of skills to maintain a 

connection donated by a few organizations founded and/or run by white people? 
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The answer to both of those questions is most certainly no, but expanding corporate 

networks or even state-run water systems as they are presently governed is not quite the 

answer either. A less rationalized world, one “enchanted” with recursivity, would involve 

the establishment of rules and relationships that replace hierarchical bureaucracies with 

something new. The form and function of that “something new” would emerge out of 

future praxis, and so attempting to articulate its contours now—beyond the characteristics 

I described at the beginning of this chapter—would be a futile effort.  

It is, however, worth thinking about how recursivity could influence economic 

relationships at much larger scales. The economist Thomas Piketty, in his highly 

influential 2014 book Capital in the Twenty-First Century, notes that every continent, 

with the exception of Africa, enjoys an equilibrium of total income and total output. That 

is, at a macro level, every continent except for Africa is perfectly compensated for its 

population’s productive work, even if there is massive inequality within that continent. 

Africa is clearly still experiencing an economic relationship with the rest of the world that 

can only be described as colonialist: 

According to the balance of payments data compiled since 1970 by the 

United Nations and other international organizations such as the World 

Bank and the International Monetary Fund, the income for Africans is 

roughly 5 percent less than the continent’s output (and as high as 10 

percent lower in some individual countries). With capital’s share of 

income at about 30 percent, this means that nearly 20 percent of African 

capital is owned by foreigners. (2014, 68) 

Piketty goes on to note that agricultural and residential capital (farms and homes) are 

usually locally owned, which means foreign ownership of “Africa’s manufacturing 

capital may exceed 40-50 percent and may be higher in other sectors.” He also remarks, 

in a footnote, that the outflow of money to foreign owners is three times larger than the 

amount of money returning to the continent in the form of international aid. When we 

were buying off the shelf vending machines made in China for a North American-owned 

company we were making a small but definite contribution to this global problem. Taken 
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together this was evidence enough that a locally made machine would be the best 

approach. 

Piketty concludes in his book that the only solution to global inequality is a global tax on 

capital. Such a top-heavy solution is the apotheosis of redistributive politics in the liberal 

tradition, but even Piketty calls the idea utopian. Recursivity offers a different approach 

that prioritizes relatively small but over-lapping and mutually-reinforcing relationships of 

exchange. None of which is to say that even a wildly successful OSCVM project would 

counteract continental plunder. Rather it simply shows that this work might be pointing in 

the correct direction or, at the very least, contributing positively (however miniscule) to 

relieving a massive inequality. 
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CHAPTER 5: ON THE LINE3 
So far I have described two sense-making tools that aid in assessing praxis and judging 

whether or not a project will build into an effective oppositional practice or healthy 

counter power institution. First I argued that capitalism can be understood as an emergent 

phenomenon, an approach which has the upshot of helping individuals navigate the 

inevitable moments where they will remake parts of capitalism even as they work to 

move the society and economy towards something new. The second sense-making tool 

introduced recursivity as a metric for judging whether one was on track towards (among 

other features) building more egalitarian modes of production. Taken together the latter 

helps one gauge their progress in negotiating the former.  

What remains now, is a way to understand how mangling emergent capitalism and 

working towards recursivity interfaces with and alters the existing networks of resource 

allocation and distribution. While the previous two chapters largely dealt with the internal 

organization and development of praxis within a project, this last sense-making tool 

fleshes out the connection points between institutions, projects, and people.  

The chapter begins with a few occasions in my research where barriers were policed and 

connections were challenged. I then historicize these relationships by situating them at 

the leading edge of a century-long process of social groups negotiating their relationships 

to networks of information and resources. I focus specifically on trains and the Internet 

but as I will explain later on, this is due more to illustrate a specific point—that 

online/offline states are a social relationship not an individual’s status—than anything 

particular to trains and the internet per se. Tracing the origins of the terms online and 

offline is important because, as the historian of technology Leo Marx has argued, 

                                                

Portions of this chapter previously appeared as: Banks, David A. 2015. “Lines of Power: 

Availability to Networks as a Social Phenomenon.” First Monday 20 (11). 

doi:10.5210/fm.v20i11.6283. 
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Cultural historians …  regard the emergence of a word (and concept) that 

acquires a pivotal role in public discourse (as “technology” has done) as a 

significant historical landmark. It is likely to mark an important, subtle, 

complex change in the society and culture (L. Marx 1998, 137). 

I argue that in the last century online/offline thinking has significantly influenced how we 

think about technologies and control over our environment. To be “on the line” is a 

double-edged sword that can bring economic prosperity and rapid social and cultural 

change. 

Transportation during our trips to Kumasi was a complicated affair and was a significant 

choke point in our ability to make the most of our time there. There were several different 

projects going on that required our research team to split up each morning and come back 

for dinner. We had one driver for the whole group, which meant that sometimes work for 

the day had to be cut short to catch our driver’s van or it could mean waiting hours to 

leave in the morning.  

There were also buses, known as tro tros, that parked in big lots and ran fairly standard 

routes during the day. In addition to a driver there is another person, usually a young 

man, who takes the fare and open and closes the door. Always looking for a new way to 

get around Dimio and I decided to take a tro tro back to the guest house from Suntreso. 

They are cheap to ride for locals but Afriyie-Siaw insisted on helping us get into a bus 

without getting over-charged. Sure enough, once we were on the bus and in route to the 

next stop the fare keeper tried to convince us that we owed him more. It took some stern 

negotiations during our trip which, due to the multiple stops and the distance of our stop 

from the Guest House, took so long that we barely caught dinner. Tro tros did not seem 

like a viable transportation option. 

Taxis were another option but we were advised to only hire taxis from the front desk of 

the Guest House, but that meant when we wanted to leave the hospital we would have to 

call up the Guest House and wait for a taxi to get to us. The first time I met one of our 

KNUST hosts, Dr. Lawrence Darkwah, he insisted that we never take a taxi that has not 

been approved by the university. He warned us that this was a good way to get ripped off 
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or outright robbed. I thought this was more of an over-protective suggestion than a 

stringent rule but I found out it was the latter when, after our driver got stuck in traffic 

and it being late in the day, Bennett and I hailed a taxi after a day of interviews at the 

hospital. We negotiated a price before getting into the car and made sure some of the 

people we had been talking to saw which car we got into.  

The ride was uneventful until we got back to KNUST and the guard at the front gate 

would not let his taxi onto the campus. After some negotiating and offers to just get out 

and walk through campus (our driver insisted he get us to our final destination) the taxi 

driver and guard struck a bargain: the guard would hold onto the driver’s license as 

collateral and would give it back to him as he exited plus a small “fee.” It was at this 

point that I realized the taxi ban was not just to protect us, but to also make sure no 

enterprising taxi drivers decided to scope out a professor’s house or the Guest House 

itself for a later break-in. I felt fairly selfish in that moment but it also allowed me to 

reflect on the complex relationships that go into a straightforward rule like “only take 

approved taxis.”  

The taxis are another example of not just emergent capitalism—our participation in not 

only commodified transportation but of a tiered system that undoubtedly reifies wealth 

disparities among cab drivers—but the social dimensions of online statuses as well. 

KNUST, in its desire to maintain its status as a prominent research institution in a country 

that is rarely afforded the assumption that such a thing exists within its borders, must go 

to great lengths to not only woo institutional agreements like the ones it has with RPI 

(which was directly responsible for us being there in the first place) by hiring excellent 

faculty and maintaining facilities, it also has to maintain its own small border patrol. The 

campus must effectively remain “offline” from the network of local taxis and buses and 

build their own lines of transportation that go even further, connecting the campus all the 

way to the Accra International Airport and other universities.  

Establishing secure connections with international organizations while cutting off 

connections to geographically proximate resources is a tradeoff that was most likely 

never one person’s explicit intention; rather it was the emergent outcome of small 
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accommodations made to capitalism. This has a particular kind of effect on collaboration 

with groups outside of the university. One either has to spend the money to have your 

own driver, or forfeit the relative comfort and safety of the campus. As a result, even 

state organizations like the Suntreso government hospital are harder to work with simply 

because they are difficult to get to. 

The monitoring of transportation in and out of the campus structured our work in 

profound ways. Indeed, the fact that we were working in Kumasi rather than the capital 

city of Accra was primarily because of existing institutional arrangements between 

KNUST and RPI. So while these connections got us there in the first place, it meant that 

we went to the hospital less and when we did it was for a short amount of time. All work 

was divided up into what could be done on the campus and what absolutely had to be 

done elsewhere. It meant that we were constantly thinking of new ways to move 

documents, knowledge, and action into non-geographic spaces so that we could avoid the 

arduous process of moving our bodies from one location to another.  

This was why I also started setting up the web infrastructure to help ease the sharing of 

construction information. I set up a wiki called OSCVM.org that had step-by-step 

illustrated instructions for building the machine. The OSCVM wiki is built on 

MediaWiki, the same software that is maintained by and runs Wikipedia. What I was not 

expecting was the flood of spam that the wiki (and apparently all wikis) receive. The site 

would get so overwhelmed it would crash and I would have to spend hours reverting to 

an earlier version and emptying the databases of ads for cheap Rolex watches and Ray 

Ban sunglasses. The spam felt like weather: a senseless torrent of chaos with no purpose 

for existing; only precipitating factors. Just like the KNUST security gates, I had to add 

security features and lock down the site to make it useable for the people I hoped would 

use it. But, like a credentialed taxi driver, users now had to have username and passwords 

to edit the site.  

The second week I showed up to work at the Sanctuary I also had to contend with locks 

and security features. I had gotten to the Sanctuary early, before Branda and Steve, and 

had to sit outside and wait for one of them to come by and unlock the door and disarm the 
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security system. Not unlike KNUST albeit on a much smaller scale, the Sanctuary has 

locks and a security system that only a few core members have access to. Who has keys 

was largely a function of sweat equity: the more time you put into the Sanctuary the more 

likely you were to have a key, the passcode for the security system, or both. I was never 

offered a key but Jim did tell me the security code which felt like a probationary status.  

One last vignette of locks and passwords are the artifacts of the projects themselves: 

Commotion Wireless and the OSCVM. Commotion has a lot of options to throttle user’s 

connection speeds, refuse service to specific devices, and even create lists of devices that 

can access different levels of service. Such tools are standard on most routers (even some 

basic home routers) but they seem to run counter to the spirit of mesh networking. The 

throttling of specific users or devices, however, is a fairly common administrative task 

and malicious activity on networks is treated by network administrators as an 

inevitability. Consider, for example, this excerpt from Wireless Networking in the 

Developing World a handbook that OTI hands out for people working on Commotion 

Wireless: 

There’s an old saying that the only way to completely secure a computer is 

to unplug it, lock it in a safe, destroy the key, and bury the whole thing in 

concrete. Such a system might be completely “secure”, [but] it is useless 

for communication. (Butler 2013, 149) 

My experience in both of these projects was shot through with this tension between 

usability and security (or perhaps more accurately, risk mitigation). Such tensions, as this 

chapter will show, are an essential characteristic of not only digital networks but of all 

networks of regular connection and distribution. 

Both RPI and KNUST engineering students spent what I considered inordinate amounts 

of time asking about the security of the OSCVM, what kind of lock we could use on the 

case, how to detect counterfeits, and shields to prevent reaching up into the machine to 

steal condoms. The imagined bombardment of theft had a very real effect on the machine 

despite not a single reported case of theft during the project. Daniel, one of Appiah’s 

students claimed that counterfeits were causing the coin mechanism to jam and that an 
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electronic mechanism would return those coins rather than jam the machine but that new 

development was told to me over Skype by Appiah and the connection went out before I 

could ask any follow-up questions. 

That was regularly the case with my (attempted) interactions with Appiah once distance 

collaboration was established. Meeting times were easy to organize over email but once it 

came to connecting over our chosen real-time communication tool (e.g. Skype, 

WhatsApp) the broadband connection would not hold or the sound quality would slowly 

degrade and we would never get to finishing what we wanted to discuss. We were 

certainly “online” in the common understanding of the term but the missed connections 

underscored the fuzziness that typically underlies that seemingly binary status. 

What holds all of these vignettes together is a negotiation of not just boundaries but 

vectors of resources flows. These vectors are managed and guarded for and from groups 

both real and imaginary. Praxis is often about navigating these vectors to the best of your 

ability and bending them in new and productive ways, which means understanding the 

history and characteristics of the relationships we call “online” and “offline” are worth 

exploring in depth. 

Our relationships to networks are abstract and often difficult to comprehend. One result 

of this is that we have a plethora of metaphors for describing the Internet, and yet none of 

them accurately depict the relationship between people and technology that produces the 

seemingly binary states of “online” and “offline.” When someone is said to be offline is 

that user, to use the parlance of the late 90s, “away from keyboard” or must one actively 

leave devices and remain out of ear-shot of notifications in order to be truly disconnected 

from a digital network? More than a semantic difference, investigating what it means to 

be on or offline shines light on the contours and configurations of digitally augmented 

life (Eglash and Banks 2014; Jurgenson 2012). It speaks directly to issues of fairness, 

surveillance, and identity performance in a time when all three of these are mediated and 

at times created through digital networks.   

Online is often invoked to connote deeply embedded relationships among new media, 

social interactions, and/or communities (S. Jones 1998; Howard and Jones 2004; Horst 



 
 
 

177 

and Miller 2006; boyd 2014) but the word is rarely given its own, explicit operational 

definition within social science texts. Even if online or offline is in the title of a book, it 

rarely makes it into the index. Online as an idea is just about as ubiquitous and intangible 

as the human-machine relationship it seeks to describe.  

This chapter, through an analysis of primary and secondary historical documents, traces 

the etymology of the online/offline dichotomy to its original usage as an indicator of 

whether or not a city, factory, or mine was accessible by a particular train line (Markham 

1926; “Online, Adj. and Adv.” 2004) and, from this historical perspective, argues that the 

offline/online dichotomy be reconsidered as a social relationship rather than a binary state 

of an individual. The online/offline social relationship is made with human and non-

human actors and displays a range of power disparities. To that end, this chapter will give 

special emphasis to moments when communities fought to attain or retain their online 

status, actively refuse the imposition of online status, or fought to somehow regulate the 

behavior of the network. It is my contention that today's struggles for and against digital 

network access can learn a great deal from past controversies surrounding the 

establishment and governance of railroads (as depicted in Jackson 1987; Schivelbusch 

1986; Hall 2002; S. Gordon 1996; Bailey 1906).  

While I will be addressing discreet technologies (e.g. railroads, trains, computers, the 

Internet) throughout the chapter, it should be remembered that the railroad marks the 

beginning of the same industrial process of global communication and transportation 

standardization that the Internet has carried forth into a new century. Given that many 

telecommunications lines continue to run down the right-of-way corridors originally laid 

out by railroads, this connection is more than conceptual or theoretical: online/offline 

relationships may have changed in their resolution, speed, and character but many of the 

laws, social conventions, discourse, and culture remain remarkably similar. Put another 

way, a sociologist might say railroads and the Internet share a “social world.”  

Perhaps more important than any one particular battle or technology is the much larger 

discussion of what it means to live in a world where some people have access to a very 

powerful network and others do not. In that sense, we are all living in a world that is 
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shaped by virtue of the option of being online. Therefore offline states are not necessarily 

about a total removal or separation from a network, but rather a configuring of 

relationships such that the network’s influence on the subject is weakened. Being 

“offline” rarely means the existence of the network has no effect on you: farmers miles 

away from a railroad still found themselves influenced by the standardization of time 

zones and poor people without a reliable internet connection still find their lives 

influenced by computer networks. This will become clearer as I describe specific efforts 

to remain on or off lines.  

What exactly does it mean then, to say that a person or even a whole society is “online”? 

Is someone online if they have a smartphone sleeping in their pocket? What if they are 

one of the several thousand Americans that still makes infrequent use of a dial-up 

connection (Pew Research 2013a; Pew Research 2013b)? Certainly a weekly dial-up 

excursion to a ten-year-old email account is qualitatively different than documenting and 

sharing an entire day with the aid of a camera on a smartphone, and yet both could be 

reasonably described as “online activity.” Similarly, there are not any hard and fast rules 

about claiming a restaurant is “on the A line”, but anyone that has seen two New Yorkers 

argue about directions knows that such claims are infinitely contestable. Perception of 

distance to these kinds of vectors is deeply subjective (Lynch 1960). Therefore, there are 

no easy answers to the questions I have just posed, but understanding online/offline as a 

social relationship that has a history and geography can go a long way in answering 

versions of these questions in more specific contexts. 

I will begin with two brief histories of railway and digital networks as they relate to 

“online” and “offline” states of being. In these histories I am tracing the historical 

contingencies that made the online/offline distinction useful and legible. Next, I will 

describe the legal, social, cultural, and technological phenomena that continue to 

mutually shape one-another as technological systems bring more things and people 

online. These include world-shrinking; radical reconfigurations of attention and 

perception; panic about social mores and the morality of women and children; and 

concerns over authenticity and the natural. Not only does the history of the railroad offer 
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a rich source of teachable moments that can be applied to future struggles over governing 

the Internet, I contend that what we face today are old controversies in new wrappers.  

This chapter will conclude with prescriptive recommendations, based on historical 

comparisons of controversies over access to digital and locomotive networks, and argue 

that rather than boycotts or similar market solutions users are best served by fighting for 

democratized administrative control over these systems, or directly taking the sorts of 

public goods that they are entitled to. I will highlight moments where online and offline 

statuses were highly contested and describe the means by which groups of people were 

brought online or actively kept offline. Such processes are rarely democratic, and yet 

these systems can have radically democratizing effects once they are widely available. 

Given this somewhat paradoxical feature of networks, I offer prescriptive 

recommendations to both reformers and radicals who are united in their concern for self-

determination and the governance of large technical systems. While positive work can be 

done incrementally through conventional halls of power, there is also historical precedent 

that strongly suggests that direct actions are particularly effective at making technical 

systems more available to future democratic governance.  

What follows is, admittedly, constrained in geography and thus subject position. I am 

focusing on the implementation of these technologies in the United States and the United 

Kingdom only. The time frames under investigation begins in 1810 with the first 

commercially viable steam-powered locomotives and continues on through 2015.  

There is a danger in choosing these frames: the western focus reinforces the notion that 

breakthroughs in technology and social organization have only come from these 

Anglophone countries, and that all other societies are mere adopters (Eglash 1999; 

Burrell 2010; Burrell 2012; Philip, Irani, and Dourish 2012). Further research in this topic 

must situate this analysis as one of many different stories that might be told about 

humans’ relationship to their networked creations. There are undoubtedly unique and 

equally generalizable observations to be made about similar networks in many other 

spaces.  
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Additionally, while reasonable people could disagree as to whether an investigation such 

as this should give more consideration to highways and telephone networks, I have 

chosen to focus primarily on railroads and the Internet for two reasons. First, because 

they act as “bookends” to a 200-year-old struggle between democratic governance and 

the technological affordances of global communication. Comparing the beginning and 

present frontier of this debate elucidates how much has changed and how much has 

remained the same in this long-standing controversy. Second, there are specific historical 

controversies over the governance and expansion of railroads that are directly applicable 

to today’s debates over digital network governance. Telegraph lines are closely connected 

to the development of railroads and so these networks will be covered in some depth as 

well.  

In the next three sections I will describe the mutually shaping technological affordances 

and social relationships that are typically in play when we describe things and people as 

“offline” and “online.” First by describing the origins and contours of the online/offline 

binary, then tracing its evolution from a description of available physical resources to the 

accessibility of information, followed by a discussion of cross-cutting themes that arise 

during the early adoption of the railroad and the Internet. In the final section I will make 

use of this comparison by suggesting future avenues for activism around democratizing 

the Internet. 

ORIGINS AND EARLY USES OF ONLINE/OFFLINE DISTINCTIONS IN 
RAILROADS 
The railroad was not so much a breakthrough in the construction of self-propelling 

machines as it was a harnessing of steam power. Early steam engines required massive 

amounts of fuel nearby, making a moving engine impractical if not physically impossible. 

When the earliest train was put into operation shuttling coal out of mines, a reporter on 

the scene saw a novel application of an experimental technology, not a wholly new 

invention: “...a steam engine has been mounted on wheels in Leeds, making it move on 

rails, by means of a large cogwheel” (Quoted in Schivelbusch 1986, 17–18).  

What the reporter saw was a relatively short track that made an almost perfect line out of 

the mine. Describing something as being “on the line” was a fairly literal description for 
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the first few decades of British railroads.  On a pragmatic level, a straight line meant it 

was the shortest distance between two points, which was necessary given the lack of 

buyable land, and raw steel and timber necessary to lay the tracks. Labor was also cheap, 

which meant the construction of tunnels, embankments, cuttings, and viaducts was much 

cheaper than laying track around obstacles (Schivelbusch 1986). 

Wolfgang Schivelbusch, in his definitive social history of nineteenth century British and 

American railroads The Railway Journey makes it clear that the line, was both a practical 

and conceptual innovation. The replacing of animals, who needed rough terrain to dig 

their hooves into, with steam engines meant that, “the mechanically perfect road could be 

realized without compromise” (Schivelbusch 1986, 22). This also meant that as the small 

but noticeable bumps and curves of the road were removed in favor of the clean lines of 

the railroad. “the traveler felt that he lost contact with the landscape,” (Schivelbusch 

1986, 23) further adding to the sense that one was experiencing abstracted motion itself. 

The famed philosopher of technology Lewis Mumford also notes that “Perhaps the only 

scientific work that steadily and systematically affected ... [early industrial revolution] 

design was the analysis of the elements of mechanical motion itself" (2010, 216). 

While British railroads continued along linear trajectories, their American counterparts, 

who could build track for a tenth of the price but were constantly at pains to marshal 

enough labor and machinery, laid their tracks in sweeping arcs around major geographic 

features whenever possible (Schivelbusch 1986; S. Gordon 1996). Despite this difference 

in track construction, both American and British railroad operators described regularly 

serviced routes as a “line.”   

Online, as a neologism for “on the line” first appeared in American industry trade 

journals around 1920, and referred specifically to places that were directly accessible by 

train. The Oxford English Dictionary recognizes C.H. Markham’s paper in the January 

1926 issue of Economic Geography as an exemplary use of the word. Markham writes: 

“Approximately two-thirds of the coal handled by the [Illinois Central] system originated 

at on-line mines, and one-third was received from connections” (1926, 15). 
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Figure 18 

Markham does not claim to be introducing any new terminology within his paper, 

indicating that “on-line” is either not new or comprehensible enough to the average 

reader of his expected audience. Google Ngram data (Figure 18) suggests that there were 

scattered and infrequent uses of “on-line”, “online”, “off-line”, and “offline” prior to 

1920 but samples of this pre-1920 data indicate that many of these are false positives 

(e.g. phrases such as “on time” mistakenly digitized as “online”). Regardless, in 1910 

“online” accounted for 0.0000016976% of all scanned words compared with 

0.0000048637% in 1923. This nearly 200% increase of “online” after 1920 and the 

recognition of Markham's article by the Oxford English Dictionary suggests that this is 

when the word came into serious usage.  

1920 also coincides with the height of American railroad activity. According to the 

historian Sarah Gordon, “by 1907 the United States had the maximum number of railroad 

companies that ever would operate: 1,564. By 1930 it had the most miles of track in 

operation that it ever would have: 429,883. After these dates, the numbers began a slow 

but inexorable decline" (1996, 300). Markham was writing at the zenith of American 

railroad activity and while he may not be the originator of the term he is certainly a 

normative example of how practitioners characterized railroads' relationships to their 

terminal points.  

“Off-line” is also found in the Markham text as a reference to resources that are serviced 

by other lines or riverboats and transferred over to the Illinois Central via a connection:  
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A study of the railway map of the United States will disclose the strategic 

geographical position of the Illinois Central System with reference to off-

line domestic trade and to foreign commerce. Aside from the products 

originating on its own lines, this railroad, owing to its location with 

respect to the great markets and ports of the Mississippi Valley, draws a 

vast tonnage from connecting lines. (Markham 1926, 12) 

On-line in this usage is specific to a proprietary system. A port or mine could be on-line 

with reference to the Union Pacific or the Ohio, but it is off-line with reference to the 

Illinois Central, even if there is a connection between the two lines. Indeed, Markham 

frequently refers to connections as the only other way resources enter the system other 

than an on-line origin point.  

While Markham is strictly referencing natural resources, people and places are also 

talked about in terms of off and on the line. This is partially because technocratic 

operators of railroad companies made little distinction between passengers and goods. 

According to Schivelbush: “Travel by rail, being pulled by the power of steam, was 

experienced as a participation in an industrial process. For the lower classes this 

experience was quite immediate: in England they were transported in open boxcars on 

freight trains, up to the 1840s. They were regarded not as recipients of passenger service 

but as freight goods” (1986, 72). The prominent culture critic John Ruskin called railroad 

passengers “human parcels” and noted how, just like a postal service, the train sought to 

leave their passengers nearly unchanged from the journey itself (Schivelbusch, 1986). 

For those living in cities, on the other hand, the urban landscape changed dramatically 

with the introduction of inter-city railroad transportation. Cities that were “on the line” 

quickly found themselves with brand new problems regarding safety, economic 

regulation, and quality of life. Early railroad terminals were built on the outskirts of the 

city in industrial areas. This was, and in some cities still is, the case for two reasons: first 

trains and the steam that powered them were still conceptually and materially tied to 

other industrial machines that were loud, dirty, and in need of coal and other supplies that 

trains brought to the city. Train terminals were also very large facilities, which meant a 
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great deal of cheap, contiguous land was needed and often only found on the outskirts 

near factories. Eventually, as cities continued to grow around what used to be the 

outskirts, cities buried their train lines and erected union stations that housed multiple 

lines (Schivelbusch 1986; S. Gordon 1996; Hall 2002). 

A resident of a large city like London or Chicago might have a dozen or so railroad lines 

to choose from but access to the capital and services that railroads attracted were 

unevenly distributed within the city. Services that sought the money of travelers vied for 

increasingly more expensive land around train stations or began to offer bus services 

directly to and from the station. By 1910 a new kind of train was rising in popularity: the 

electric streetcar and the underground subway. "In many respects,” Gordon writes “urban 

mass transit was the last frontier of the railroad system" (1996, 301). 

Cities at the turn of the twentieth century were over-crowded, dirty, and dangerous. 

Streetcars, subways, elevated light rail lines, and other intra-city transportation systems 

were crucial elements of a larger effort to spread out urban populations while retaining 

the benefits of urban scale. It is no coincidence that urban planning and mass transit were 

invented at the same time, as one required the other to work properly (Fishman, 1982; 

Hall, 2002). By 1940 the mechanical, Newtonian logic that was born out of the coal mine 

had disciplined every major western city. The organic curves and regional time scales had 

been replaced with universal time tables and clearly defined lines. Millions of people, 

whether they were referring to the London Underground or the Santa Fe Railroad, could 

say they were on-line. 

COMMON FEATURES, FEARS AND PROBLEMS OF BEING ONLINE AND 
OFFLINE 
The offline/online dichotomy should be reconsidered as a social relationship among 

groups, rather than a binary state of an individual. Technologies, especially when many 

people rely on them, tend to change social habits rather than simply augment or mediate 

them. The option to be online is not only a personal choice, it is an organizational 

phenomenon that effects the user and the non-user alike. Nowhere is this seen more 

acutely than life under the precisely measured time brought about by continental 

railroads. “Under capitalism” observed Lewis Mumford, “time-keeping is not merely a 
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means of co-ordinating and inter-relating complicated functions: it is also like money an 

independent commodity with a value of its own. The school teacher, the lawyer, even the 

doctor … conform their functions to a time-table almost as rigorous as that of the 

locomotive engineer” (1934, 270). Technologies like the time-tables and the trains that 

rely on them, made it possible to control people at never before seen scales and 

magnitudes. 

Boosters for networks generally speak to the inevitability and forward momentum of 

technological development and either conflate new technologies with social progress or 

contend that the former will determine the latter (L. Marx 1987; Herkert and Banks 

2012). Why else might someone resist inclusion to a network that purports to solve 

problems and reconfigure space and time for the benefit of its users? Skeptics of these 

networks generally come from the extremely privileged and the marginalized of societies. 

Skeptics may spin romanticized histories of the world prior to the invention of the 

network to illustrate the alienation they perceive from the network, generate concern 

about how these networks fundamentally change peoples or society, and draw attention to 

how existing social stratification is reified, exaggerated, or dangerously undermined. 

Others may point out, like Mumford was wont to do, that while new devices sometimes 

saved effort or time, “an elaborate mechanical organization is often a temporary and 

expensive substitute for an effective social organization or for a sound biological 

adaptation” (1934, 275). In truth, there might be just as many reasons to refuse 

availability to the network as there are people doing the refusing. There are however, 

very common social phenomena associated with rail and computer networks that are 

worth describing here in moderate detail.  

What will follow are historical accounts of the advancement of technological systems 

paired with arguments pulled from the popular media of that time. Such public 

conversations about the present and assumed future of technology should not be 

dismissed as mere speculation, fear, or public relations because these texts actually have 

a very tangible and direct influence on the near-present research and development of that 

technology (Herkert and Banks, 2012). 
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More than any other feature, railroads and the Internet have both been lauded as 

technologies that let us transcend time and space. The most recent round of proclamations 

that global networks are shrinking the world are rooted in Marshall McLuhan's 

assessment in The Gutenberg Galaxy (2011) that electronic information technology was 

creating a “global village” through instantaneous communication. Thirty years later, 

writing at the cusp of widespread adoption of the World Wide Web, Nicholas Negroponte 

proclaimed that “The digital planet will look and feel like the head of a pin” (1995, 6). 

Such assessments today are prosaic, if not contradictory to the scholarly work being done 

in the areas of post-colonial computing (Philip et al., 2012) and marginalized user bases 

(Eubanks, 2011; Burrell, 2012), but still make up a good deal of the common language 

used to talk about information technology. 

Trains (and their telegraph lines) promised a similar kind of annihilation of time and 

space. Schivelbusch quotes an 1839 Quarterly Review article in which the author 

breathlessly extols the cosmological powers of steam-powered ships to “suddenly dry up 

the great Atlantic Ocean to less than half its breadth. … The Mediterranean, which is now 

only a week from us, has before our eyes shrunk into a lake … and the great lakes of the 

world are rapidly drying into ponds!"  

The author goes on to predict that railroads will do the same for the land, turning England 

into something, “not much bigger than one immense city’” (Quotation from Schivelbusch 

1986, 34). In order to shrink something though, a technological system must be able to 

grasp it. Globe shrinking, in other words, can only be done by global systems. Theorist 

and historian Thomas P. Hughes observed that at their most basic, large technological 

systems are amalgamations of physical artifacts, organizations, scientific artifacts, 

legislative artifacts, and natural resources that “solve problems or fulfill goals using 

whatever means are available and appropriate; the problems have to do mostly with 

reordering the physical world in ways considered useful or desirable, at least by those 

designing or employing a technological system" (2012, 47) These systems “manage 

increasingly to incorporate environment into the system, thereby eliminating sources of 

uncertainty,” (2012, 47).  
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Inventors and entrepreneurs under capitalism, according to Hughes, can also hedge their 

bets against uncertain conditions beyond the system's reach by diversifying a system and 

creating redundancies (e.g. investing in multiple industries instead of just one) and 

building the capacity to weather “peak loads.” A peak load is a short burst of increased 

network activity—mobile phone usage during a disaster or electricity during a heat 

wave—that if unaccounted for can bring the network to its knees. Those that manage and 

control large technical systems, whether they are made up of rails or fiber optic cables, 

seek out standardization so that their vast networks become more predictable. Telegraph 

and railroad networks are no exception and their standardization and centralization 

happened very rapidly. In 1850 there were thousands of railroad and telegraph 

companies. By 1860 there were still seven different gauges of track and three different 

competing telegraph technologies. By 1880s not only had all of these been consolidated 

and standardized into national systems, corporations and governments had also 

standardized time zones from two hundred different local times and eighty different 

railroad times into a single universal time zone system (Fields, 2003).  

Due to this predictability-seeking behavior, the popular notion that corporations are 

inherently allergic to regulation, is largely false. In fact, corporations regularly lobby for 

regulations as a means of enforcing standards that they cannot do themselves through 

market dominance. In the United States, by the 1850s, railroad companies had started 

petitioning congress to adopt national guidelines that would help transform regional and 

incompatible networks into a single, standard national transportation network. Such 

standards promised continued competition for online resources, but would eliminate 

some of its worst effects on connections. Between 1870 and 1900 railroads not only 

sought standardization of track gauges and time scales, they also created standards for 

ticketing, baggage fees, the structure of train cars, and even the rules governing the 

behavior of passengers. Some of these standards were agreed upon through industry 

associations, some were enforced through laws. Those that refused to be compatible with 

large railroad companies, usually small rural lines, lasted into the early twentieth century 

but were cut off from future growth (Gordon, 1996). 
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Railroads are often touted as one of the more powerful forces for settling the North 

American continent but research actually shows that the presence of rail lines slowed the 

growth of small towns in the Midwest between 1900 and 1930. The rural sociologist 

Katherine J. Curtis White, in a thorough study of early twentieth century Great Plains 

counties, found that the presence of a railway severely reduced a county's population 

increases.  Between 1900 and 1910, counties without railroads increased in population by 

213% while counties with a railroad only increased by 30%. Between 1920 and 1930, 

counties with a railroad increased in population by 11% but counties without railroads 

increased by 112% (White, 2007). She suggests that railroads effectively turned rural 

counties into hinterlands servicing larger urban centers, whereas isolation from train lines 

created the opportunity for somewhat economically independent small towns. 

Very similar tendencies toward standardization and centralization can be seen in the 

history of the internet. Regional and proprietary networks eventually became 

interchangeable and compatible or were relegated to eventual obsolescence. Standards 

came from a mix of industry association guidelines (e.g. the Internet Corporation for 

Assigned Names and Numbers) and laws (Zittrain, 2008). The algorithms that sort social 

media newsfeeds, ads, and more “behind the scenes” data architectures also require very 

standardized replies to forms that establish predictable users bases that can yield 

forecastable revenue (Pasquale, 2015). 

With standardization comes interchangeability. American railroad companies were 

originally chartered to serve cities and states but quickly became interested in operating 

at national and international levels. "The capitalization of railroads” according to Gordon 

“gradually weakened rather than strengthened the finances of the towns and cities they 

had been built to serve" (1996, 54). By consolidating nearby lines and collecting 

monopoly rates, small-town businessmen could become robber barons within a few 

years. This meant that law makers had to make a choice between forgoing the promises 

of resources, labor, and capital that came with being online or retaining economic and 

even legislative autonomy. 
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Legislators of railroads had to walk a fine line that today’s telecommunications regulators 

find themselves dealing with today. Large private firms necessary for everyday 

commerce are dangerous to social welfare but are difficult to remove once their power is 

sufficiently entrenched. This is the general idea behind American anti-monopoly laws but 

this sentiment can be traced as far back as 960 A.D. where the Song Dynasty of China, 

recognizing that powerful merchants were essentially printing money in the form of bank 

notes, tried to ban the practice before issuing a few licenses in exchange for oversight 

(Graeber, 2011). Railroad companies, like those first century Chinese merchants, were so 

deeply engrained in the daily economic functioning that some sort of governmental 

control was deemed necessary. Instead of seizing or breaking up the railroads, American 

lawmakers devised one of the most important legal innovations to come out of the 

Victorian Era: the designation of private firms as “common carriers.”  

A common carrier is an entity that, due to its ubiquity and centrality to daily life, is 

forbidden from certain types of discrimination and price structuring. Trains were defined 

as common carriers in a piecemeal fashion, often state-by-state and line-by-line until 

common carrier statutes were adopted by the federal government after the American Civil 

War (Gordon, 1996). Some highly specialized routes were still considered private while 

popular passenger routes were deemed a public good and regulated as such. States in the 

northeast were generally the first to get these regulations, but they spread out to the south 

and west in a haphazard fashion (Gordon, 1996).  Common carriage allowed smaller 

towns to petition their state’s railroad commission for a railway stop and gave the state 

and federal governments the legal authority to enforce the petition. It is important to note 

that firms deemed common carriers are generally granted exceptions to non-

discrimination rules if discrimination serves overall network health. For example, recent 

rulings to treat internet service providers as common carriers carries with it a “reasonable 

network management exception.” 

Internet providers have only very recently come under the jurisdiction of common carrier 

legislation. I will return to this topic in the conclusion but for now it suffices to say that 

this development is mostly good but comes with some caveats. For example, while 

common carriage can enforce fair or predictable behavior in a way that is beneficial to 
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individual consumers, at present communities still cannot demand that private firms 

upgrade networks, provide certain services, or maintain reasonable subscription fees. 

Small content or service providers may still find themselves kicked out of a regulatory 

environment that favors larger actors, something that happened to railroad companies and 

local radio (Thompson, 2014).  

While common carrier legislation certainly represents a large gain in democratic 

governance over privately owned property, the railroad industry also has historical 

lessons in government’s willingness to assist private capital in attaining monopoly status 

in the first place. Eminent domain (also called compulsory purchase, resumption, or 

expropriation depending on the country), the ability of governments to seize private 

property for what it deems to be public use, has played a very large role in the expansion 

of railroads and telecommunications systems. For railroads it ensured uninterrupted land 

holdings across an entire continent and established legal precedent that land seized 

through eminent domain could be immediately transferred to a private entity (Gordon, 

1996). Similarly, telecommunications companies not only maintain network “backbones” 

that traverse thousands of miles and burrow beneath thousands of miles of roads in cities 

and towns, they also continue to directly benefit from the interpretation of eminent 

domain that says the public good can be served through private holding (Lee 2011).  

Railroads and Silicon Valley companies—not just telecommunications companies)—

share a number of highly lucrative business strategies as well. They rely on an uncannily 

similar mix of loss-leader investments and commoditized attention of captive audiences. 

Many railroads, both regional and local, built lines out into undeveloped land on the 

outskirts of towns that they had purchased. The company would then advertise new and 

modern homes with transit access on their other lines. Once the homes were built, the 

railway company would rent their billboards to other companies (Jackson, 1987). 

Continental railroads would run specials where the price of a one-way train ticket could 

go towards the purchase price of land out west (Gordon, 1996). 

Frank Pasquale, in his The Black Box Society noted that telegraph, railroad, cable, and 

search companies all established dominance by inserting themselves at “essential 
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junctions of an emerging economic order” (2015, 90). Railroad companies made 

themselves obligatory points of passage for everyday life. Just like a social media 

company, they eventually shifted from service provider into the role of buyer and seller 

of targeted advertising. It is in these sorts of situations that it becomes absolutely clear 

that being “online” is not an individual choice to be connected to a technological system. 

It is much more accurate to describe it as participation in a society that is shot through 

with powerful firms and organizations that broker communication and commerce.  

Networks of lines are not only political and legal agents. They are cultural, semiotic, and 

linguistic actors as well. Today we can go online, post something online, see someone 

online, and shop online. There are online identities, communities, and even entire online 

worlds. Online and offline tend to describe social interactions more than they do technical 

statuses. Even when one is not taking a photo to post on a social media platform, the 

availability of such platforms changes how we see the world. One is encouraged to think 

of moments in their life as possible data to be put online. Nathan Jurgenson calls this 

“documentary vision” and likens it to the…“‘camera eye’ photographers develop when 

… they begin to see the world as always a potential photo even when not holding the 

camera at all” (2011). 

He goes on to state, “We come to see what we do as always a potential document, 

imploding the present with the past, and ultimately making us nostalgic for the here and 

now.” The “nostalgia for the here and now” instigated by social media was also reported 

by train passengers who bemoaned the quickness with which the scenery around them 

flew by. Whereas the British aristocrat was used to the slow and plodding course taken by 

horse-drawn stagecoaches and British peasants walked and hitched rides on caravans, the 

velocity of a train rendered the view outside almost illegible. “Steam power” according to 

Schivelbush, “appeared … as artificial energy in opposition to natural forces” (1986, 10). 

John Ruskin remarked that while the view from a train increases the number of things 

one might see on a given journey there was an almost mathematically inverse relationship 

to the quality of the experience (Schivelbusch, 1986). Such a quantity over quality 

critique is almost identical to the concerns raised by contemporary culture critic Nicholas 
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Carr in his 2008 article in The Atlantic “Is Google Making Us Stupid?” Carr insists that 

prior to the Internet doing research felt like being “a scuba diver in the sea of words. Now 

I zip along the surface like a guy on a Jet Ski.” He goes on to cite the personal 

experiences of his friends (“mostly literary types”) who express difficulty in keeping 

focus the way they used to. Carr insists that the velocity of information not only changes 

perception but cognition as well. He cites developmental psychologist Maryanne Wolf's 

worry that web-based content “puts 'efficiency' and 'immediacy' above all else” (Carr 

2008). 

The upshot of illegible (and thus boring) views from trains led to a boom in train station 

book sales. The popularity of reading on trains, plus the relatively late invention of large 

train cars that were accessible between one-another during travel, meant that much of 

train travel was characterized as an isolating experience in which the traveler rarely 

interacts with the scenery or fellow passengers (Schivelbusch, 1986). Similarly, the 

widespread adoption of personal computers and smartphones is described by prominent 

author and researcher Sherry Turkle as encouraging anti-social behavior that rewards 

“communication over conversation” or as the title of her book calls it, being “alone, 

together” (Turkle 2011; Turkle 2012).  

How online/offline states—or even their mere availability—affect one’s mood or 

behavior shows that control over online and hence offline states is not necessarily just 

about having or refusing access to a network. Exercising one’s agency can mean gaining 

control over the digital networks that intersect one’s life, but it can also mean feeling in 

control over each other’s documentary vision. Research on social (Tokunaga 2011) and 

liquid (Lyon 2011; Bauman 2013) surveillance has shown that even those individuals 

who do not intend to appear online can find themselves or their data available to the 

network without their consent. And as Tufekci (2014) and Pasquale (2015) have shown, 

we have little way of knowing to what degree our experiences and decisions are the result 

of networked data acquisition and organization.  

The isolation and individuation in both networks at their respective times of early 

adoption also contributed to exaggerated fears of predation by murders, rapists, and 
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thieves (Schivelbusch, 1986; Fisk, 2011; boyd, 2014). Two high-profile suspected 

murders inside private train cars led to increased fear that trains were sites of particular 

vulnerability. Similarly the social action online, particularly when it comes to youth, is 

often viewed in mass media as shot through with predation and illicit activity (Fisk 2011; 

boyd 2014).  

Both technologies oddly enough, have also been cast as sites of misandry. Men reported 

avoiding sharing private cars with women they did not know, not because of decorum but 

out of fear of unfounded accusations ranging from improper conversation topics to sexual 

assault (Schivelbusch, 1986). Whereas the train was a setting for such accusations, the 

Internet is a stage upon similar fears can not only be realized, but collected, curated, 

indexed and shared. The burgeoning “Men's Rights Movement” has found a home in, and 

is mainly composed of “a loose but loud collection of Internet blogs sites, [and] policy-

oriented organizations,” frequented by “a legion of middle-class white men who feel 

badly done by individual women or by policies they believe have cheated them” (Quote 

from Coston and Kimmel 2012, 375; also see Kimmel 2013).  

Given this history trains as agents of disorientation, danger, disruption, and removal from 

the topography of travel, it is remarkable that the American passenger rail service Amtrak 

announced in late 2014 a pilot writers' residency program premised on the fact that trains: 

“don't just connect small towns to big cities, they connect families, friends and loved 

ones. They offer a chance to connect with other travelers, experience the American 

countryside” (The Amtrak Blog 2014). This total reversal of the social and psychological 

impacts of train ridership  strongly suggests that the pronouncements made by critics like 

Carr and Turkle are a kind of cultural atavism: a retelling of Ruskin’s handwringing 

about illegible views and parcel-like passengers. Their claims to authenticity or states of 

nature miss a larger historical perspective that suggests such concerns are cyclical and 

arise out of legitimate fears over one’s agency in a rapidly changing world. Such 

approaches miss a forest of social, economic, and political power dynamics for the trees 

of a romanticized technological past. 
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ORIGINS AND EARLY USES OF ONLINE/OFFLINE DISTINCTIONS IN 
COMPUTER NETWORKS 
The view from a mid nineteenth century train car was a bit like a film reel. The view was 

fuzzy to the eyes of someone who had never travelled sustained distances faster than they 

could walk and what they could see was divided in uniform increments by the telegraph 

poles that shared the right-of-way with the tracks. Communication lines and railway lines 

were, as Schivelbusch describes it, “one great machine covering the land” (1986 29). 

Writers of the time, he also notes, likened telegraph networks to the nervous system: a 

critical yet ultimately ancillary system to a larger industrial body. One that warned the 

body of danger by sensing the placement of individual trains and coordinated passage 

through long, dark tunnels and across vast distances.  

Indeed, the line of the train, is the line of the telegraph, the telephone, and ultimately the 

Internet. Trains, as the previous section concluded, did prove to be ubiquitous in their 

influence on time and space, but the physical locomotive did not do it alone. 

Instantaneous communication lines and locomotives mutually shaped one-another. The 

telegraph was one of those inventions that was born without an immediately practical 

purpose. It was only when large amounts of goods and people could be conveyed across 

the landscape were short, instantaneous messages made useful (Schivelbusch 1986; 

Fields 2003). 

 “‘On the line’ was common in reference to phone calls: ‘joe is on the line.’” Recalled 

Vint Cerf in an interview over email I conducted on November 27, 2014, “The term 

[online] applied to data networks and remote timesharing could go back to the early 

1960s when connecting to a time shared machine may well have been referred to as 

‘being online’.” 

 The Oxford English Dictionary recognizes a passage in High-Speed Computing Devices 

as the first use of online in reference to computer systems. Originally published in 1950 

and reprinted in 1984 it was published as a “compendium of technologies applicable to 

the emerging field of electronic digital computers” (Cohen, 1983, ix):  
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In on-line operation the input is communicated directly and without delay 

to the data-reduction device. For other applications, off-line operation 

involving automatic transcription of data in a form suitable for later 

introduction to the machine, may be tolerated. (1984, 7) 

The line in this case is far less straightforward than it was with the Markham text. In 

order to understand what line is being referenced above, one must know what sorts of 

devices were used at the time and how they communicated with one-another and their 

human operators. Access to computers’ processing power was extremely scarce and so 

operators would feed multiple queued programs in a single batch. “In the typical 

programming cycle,” writes historian of technology Janet Abbate, 

… the user of a batch processing computer would begin by writing out a 

program on paper. Then the user or a keypunch operator would punch 

holes in a set of computer cards to represent written instructions. The user 

would bring the deck of punched cards to the computer center, where an 

operator would feed them into a punched-card reader and transfer the data 

to magnetic tape. When the computer became available, the operator 

would load the tape and run its batch of programs, and eventually he or 

she would return a print out of the results to the various programmers. 

(1999, 24)  

Each one of these steps were accomplished on dedicated hardware connected via local 

networks that spanned buildings and campuses. Real-time computing—having 

instantaneous access to the processing unit from your terminal—was synonymous with a 

network of devices that provided instant feedback to the user (Abbate, 1999). Something 

approaching real-time computing would come in the 1960s. A central processing unit 

would accept commands from multiple terminals and cycle through the multiple requests 

for processing, instead of running one person’s program from start to finish. “Time 

sharing” as it was called relied on a terminal that was set up to interact with a stand-alone 

processing unit. Such terminals were generally said to be “on-line” when they were 

interacting with the processor (Abbate, 1999; Reed, pers. comm; Cerf, pers. comm).  
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The jump from on-line referring to real-time access to scarce processor power to actively 

using a personal computer that is connected to the Internet is a relatively recent 

development that coincides with the flourishing of Local Area Networks (LANs) in the 

late 70s and early 80s. David P. Reed, one of the developers of the TCP/IP protocol 

recounted to me in an interview over email on November 25, 2014:  

…a user was "online" if he/she could process information and produce 

additional information back to the computer!  A user was "offline" if 

he/she was not watching, but was instead somewhere else, perhaps coming 

back later to get the results of a job, or to start using the system. … 

Sometime in the early “Compuserve era,” I started hearing the slang usage 

(which sounded quite odd to someone who had been in the business) of 

information being ‘online’ when the information was stored in a computer 

system somewhere that could be “dialed up”.  And even later, of users 

being ‘online’ when they had accounts on computers or were using 

something like “America *On-Line *[sic]”. Notice that it was the 

information that was on-line before the idea that users were “online” when 

they had an account. (David P. Reed, pers. comm) 

Reed’s recollections match the Oxford English Dictionary’s dating of different uses for 

the word, Google’s Ngram database, and Abbate’s history of the Internet. Using “online” 

to describe a person, information, or service available through a network, according to the 

OED, appears as early as 1979, just as use of the word “online” begins to skyrocket and 

surpass its hyphenated predecessor as shown in Figure 18. This was also precisely the 

time that CompuServ took off as a major end-user platform, followed by America Online 

(note the lack of a hyphen) (Abbate 1999).  

By the time Mosaic, the first graphic web browser, launched in 1993 Internet users had 

spent over 30 years using on(-)line to refer to the active access of data. Until July of 

2003, most American internet users connected via a dial-up connection (Vara 2004). The 

telephone line, a direct descendant of the telegraph, was most likely the line that kept that 

term in use. It is clear then, that the “line” that caused the meteoric rise in the usage of 
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“online” was the telephone line and the higher bandwidth connections that followed it. 

What is less clear, and may be too over-determined to ever definitively locate, is how we 

arrived at the broader term that seems to simultaneously mean “over” and “available on” 

a network. I will pick this thread back up in the next section where I investigate the cross-

cutting legal, cultural, and social themes that tend to resurface when large technical 

systems take on a noticeably different character.   

Thinking about online statuses as both contextual and continuous is an important point 

that I will turn to in the next section but for now it suffices to say that digital 

online/offline distinctions are at their most complicated when connections are always on 

and available in ever-smaller devices. 

FIGHTING TO STAY OFFLINE 
Even with strong regulatory frameworks as described above, local governments were not 

equally empowered to regulate their railroads. Big cities had the clout to negotiate with 

railroad companies and the amenities to make the best use of the people and capital that 

came off the trains. Smaller towns however, also had much less to negotiate with and 

were in greater danger of having people and capital leave town on the train, rather than 

see it come in (Jackson 1987; Gordon 1996; Hall 2002).  

Gordon notes that with the exception of Southern towns and a handful of rural areas in 

the North, “very few towns blocked the expansion of railroads within their boundaries” 

(1996, 64). Southern states’ rights advocates, recognizing the power of railroads to 

dictate economic terms, passed laws that banned southern railroads from connecting rail 

to northern railroads and outlawed lines that were owned by out-of-state corporations. It 

was effective at reinforcing regional antagonism (or solidarity, depending on your point 

of view) as “no line connected railways between the Ohio river and Washington DC 

virtually the same line that the civil war was fought along” (Gordon, 1996, 5). After the 

American Civil War northern rail companies were the only ones granted land to expand 

east of the Mississippi.  

What did happen when cities handed railroad barons a set of terms? Typically, these 

towns demanded that trains stop at their town and force passengers off for a period of 
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time so that they might shop and dine at local establishments (Gordon, 1996). Some cities 

asked for a bit more. Lowell, Massachusetts, a relatively small city with a large 

manufacturing base was successful in negotiating strong right-of-way laws that not only 

gave the city a definitive say in where and how lines were built, but also stipulated stiff 

penalties and fines for the railroad if trains caused any property damage. Lowell’s local 

mills were also able to petition the railroad companies to run tracks right up to their door 

for loading and unloading. These “spur and stops” as they were called, reduced road 

traffic and were an enormous boon to a thriving industrial economy that lasted for nearly 

a century (Gordon, 1996; Hall, 2002). 

Many more people aimed to stop railroad construction all together. American Indians 

waged a long, bloody, and moderately successful war against the railroads as they 

encroached further west (Gordon, 1996; Moody, 2002; Bailey, 2007). Many of the 

American-born laborers were veterans of the Civil War but the attacks were so frequent 

that the regular army was called in to stand guard as construction went on. Eight different 

tribes conducted constant raids on construction workers, slowing down construction and 

increasing the cost considerably (Bailey 1906). It is estimated that several hundred 

workers were killed in raids and the railroad companies suffered huge increases in 

expenditures due to sabotage, stealing, and vandalism (Bailey, 2007). Despite massive 

initial government subsidies the companies involved in the First Transcontinental 

Railroad needed to continually ask for more loans and bonds in order to complete the 

project. Much of this had to do with corruption, changes in tax codes, and unexpected 

labor shortages caused by gold rushes in California (Gordon, 1996; Moody, 2002) but the 

continuous fighting of Native Americans cannot be overlooked. 

The British aristocracy also fought the expansion of railroads. They enjoyed the 

temperate weather and magnificent views of isolated seaside towns but railroads quickly 

transformed these places into prime middle-class tourist destinations and eventually sites 

of suburban development (Schivelbusch, 1978, 1986). Aristocrats quickly switched 

tactics however, and instead sought to take advantage of this change in geography by 

dividing up their sprawling estates into property that could be leased. The landed 

aristocracy sought to establish themselves as leaders of these growing urban centers but, 
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after land values collapsed in the lead up to World War One, they sold off most of their 

land (Morris, 1982). 

Today it might seem odd that aristocrats would give up their seclusion, given that today 

even moderately well off people are quick to adopt a “Not In My Backyard” (NIMBY) 

attitude. Why would the most powerful people of a nation consent to such a radically new 

mode of income and way of life?  Part of the answer lies in the widespread fear among 

the elite that organized labor and radical sects of the population were primed for revolt, 

both in England and in the United States (Salvatore, 1980; Hall, 2002).   

Many landowners feared that the overcrowded slums of London would erupt in the kind 

of labor activism that was sweeping the United States in 1877. Starting in Martinsburg, 

West Virginia strikes spread quickly to industrial centers like Pittsburg, Pennsylvania and 

more rural outposts like Terre Haute, Indiana (Salvatore, 1980). English towns like 

Birmingham and fishing villages like Brighton acted like pressure-release valves, 

offering marginally better living conditions and entertainment to working class and 

middle class Londoners. It also completed a centuries-long process that Marx described 

as the proletarianization of the masses: the freeing of bodies from land so that their labor 

could be easily bought and sold in urban factories. The railroads made it possible to 

cheaply distribute goods and people to and from centralized production centers. 

While inter-city heavy rail was effective at empire building and working class 

pacification, intra-city mass transit systems helped strengthen robber baron’s hold on the 

urban workforce and opened up opportunities to turn unprofitable hinterland into 

lucrative real estate. It was common for real estate developers and streetcar owners to 

work together to advertise new housing on specific lines, with the promise of future 

expansion of the line into the new neighborhoods. This was so lucrative that many lines 

were run at a loss, with the expectation that the real estate development eventually would 

pay off (Jackson, 1987; Fishman, 1982; Hall, 2002).  

Towards the end of the twentieth century, streetcar companies followed their heavy rail 

counterparts and began to consolidate into fewer, but more powerful companies. 

Philadelphia, for example, saw its sixty-six separate companies all come under the 
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ownership of a single company (Jackson 1987). In Chicago, Charles Tyson Yerkes—

through deft financial haggling, blackmail, and bribery of city and state officials—

controlled all but one line in the city. In less than a decade he oversaw the construction of 

the Chicago loop, the replacement of horse-drawn cars with electric ones, and the laying 

of 500 miles of track.  

In 1897 Yerkes sought to extend his contract with the city for another 50 years, with 

promises of raising fares and reducing the quality of service. The city and state 

legislatures had been sufficiently bribed and were ready to approve the contract when, as 

historian Kenneth T. Jackson puts it, “a mob carrying guns and ropes surrounded City 

Hall and so menacingly threatened their representatives with bodily injury that the 

extension failed. Disappointed but undaunted, Yerkes promptly sold his Chicago holdings 

and moved to England, where he was in control of the London Underground at the time 

of his death in 1905” (1987, 110–111). The Chicago transit system meanwhile was 

bought up by a privately owned firm in 1924 which made moderate changes to the 

system until it was merged into the publicly owned “Chicago Transit Authority” in 1947 

(ChicagoL.org 2015).   

LINES AND SECURITY REVISITED 
To summarize what I have argued here: More than a semantic difference, investigating 

what it means to be online or offline shines light on the contours and configurations of 

our interconnected world. Through the analysis of primary and secondary sources, I 

traced the origin of the terms online and offline to the early railroad industry where “the 

line” was a powerful orienting image. I proposed that rather than an individual binary 

status; online/offline distinctions are more accurately described as a communal social 

relationship. One where refusal or acceptance of a network connection, whether that be a 

railroad stop or a Wi-Fi signal, is ultimately a negotiation of relationships between other 

social groups both imagined and real.  

Remember that when Troy Bike Rescue and the social entrepreneurship class questioned 

the safety of being brought online through the mesh network, they immediately painted a 

picture of who they would be associating themselves with and what sorts of actions they 

might be found culpable of aiding or even participating in. It also revealed some of the 
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social contours of the block: while the Sanctuary seemed ready to defend the idea of 

widely distributed connection on principle, whether that was hosting a controversial artist 

or giving away Wi-Fi, others saw the mesh network as a vector for liability.  

Using the online sense-making tool to think through this difficulty in getting a second 

organization to commit to contributing a gateway to the internet casts Commotion 

Wireless’s security features in a new light. Rather than being a contradiction to their 

stated politics of radically democratic network administration, they might be better 

understood as the digital equivalents of spur and stops. That is, security features provide 

the possibility of establishing an us and a them. 

Of course for anyone concerned about social justice should be attuned to the ways 

security features are implemented to maintain structural inequalities. One is reminded 

again of the racism built into the algorithms that kept putting my colleagues’ emails into 

my spam folder. Similar examples of race, gender, and class bias built into and around 

technologies abound.  

Dana boyd’s research into the race and class dimensions of social media adoption are 

instructive here. Facebook, which grew out of Ivy League campuses, supplanted 

MySpace to eventually become the largest social media company in the world (boyd 

2012; boyd 2014). Teens belonging to families of higher socio-economic background left 

MySpace for Facebook first, which helped cast the latter as the safer network. The early 

requirement of college-issued email addresses to sign up lessened parents’ concerns that 

their children might be subject to the (overblown) threat of sexual predators. The way 

Facebook was built, requiring college email addresses and disallowing profile page 

customization, gave it very specific race and class connotations. (For more examples see: 

Schön, Sanyal, and Mitchell 1998; Nelson, Tu, and Hines 2001; Layne, Vostral, and 

Boyer 2010; Nakamura and Chow-White 2012). 

Commotion Wireless has yet to prove itself as promoting a counter-narrative to boyd’s 

MySpace to Facebook migration story. That is, it is not clear that the security features 

built into Commotion make it possible to promote or reify justice or communitarian 

values. Every time network administration came up it was to disallow activity or block 
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certain users, not to defend a group from public scrutiny or give them a safe space to 

grow into something stronger.  

In my interview with Pastor Willie I asked him what he would put on a web site he knew 

would only be readable to people connecting to the local Commotion Wireless network in 

North Central and he replied: 

Job information. definitely, résumé writing. Food pantries, church 

services, childcare facilities. The basic natural things of life that can help a 

parent. Educational places, recreational places. All the sorts of things that 

in the course of a day that he or her might involve themselves into. 

Restaurants, places to eat. 

When I asked, “Would you feel comfortable posting or saying something on a message 

board that’s only accessible from this network?” he quickly replied, “No. No.”  

When I asked if there’s anything semi-private he’d be willing to post to such a network 

he seemed to assume such an activity would take away from community building: 

Yeah I think you should have a page over here that community only. But 

I’d still branch out. In the community, let’s be in the community let’s 

continue to work on the things in our community. We don’t need to tell 

them in Rochester what we’re doing in our community they choose to find 

out then they can probably find out someplace else probably but in the 

community when we’re building a community we need to stay focused on 

the community with the people that are involved in the community. So we 

can do things. 

This was a frustrating response because I was explicitly talking about a system that would 

not be viewable in Rochester (or anywhere else) but his reticence is understandable. Few 

people associate going “online” in relation to digital networks, with an ability to maintain 

or control their audience. “Context collapse”, where an individual loses the ability to 

code switch dependent on the different communities that make up our lives (work 

colleagues, casual lovers, church members, fellow World of Warcraft players, and so on) 
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is common during digitally-mediated communication and can have anything from mildly 

embarrassing to deadly consequences (Davis and Jurgenson 2014). 

In the final analysis, while my Commotion Wireless experience did not bring the block 

online (in the colloquial sense of the word) it did illuminate the many intersecting lines of 

power that make up the block. Relatively well-resourced organizations like the Sanctuary 

are willing to put up their internet connection while somewhat less-resourced 

organizations like TBR have to apportion their resources in a much more deliberate way. 

Pastor Willie’s immediately negative response to the possibility of posting semi-private 

content on a local network confirms what Eubanks (2011) observed in her own research 

of the same city: that marginalized communities know quite a lot about digital networks 

(despite what the resilient-yet-incorrect digital divide rhetoric suggests) as a consequence 

of their constant contact with computer-aided surveillance and other forms of non-

consensual digital connection.  
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CHAPTER 6: WHAT DO WE BRING? 
I now want to conclude this dissertation by suggesting that, activists think about what 

they bring to their sites of resistance. “What are we bringing?” is a seemingly simple 

question with a wide array of possible contexts and answers. In my work it functioned as 

both an orienting touchstone and a pernicious drag on what might otherwise be optimistic 

planning. Taken literally, “What are we bringing?” brings into focus a very material 

chokepoint in the entire system. The more abstract interpretation of “What are we 

bringing?” can also be phrased as “What are we bringing to the table?” That is what sorts 

of skills and resources do academics generally bring to projects and what might we do 

better? Would I be more useful to my collaborators if I was an engineer instead of a PhD 

candidate in an interdisciplinary social science? Would Troy Community Wireless have 

been more successful if I had a background in computer science? For a while, it deeply 

bothered me that I was not sure of the answer. The only mental palliative I could muster 

was a deeply post-modern one: What one brings to any sociotechnical problem, whether 

it is an interpretive framework or a scroll saw, goes on to form the contours of that 

problem and ultimately (hopefully) its solution.  

The more correct answer though, is that social scientists play an invaluable role in the 

production of new approaches to tackling old problems. To reiterate a point I made in 

chapter 4, a social scientist can sometimes act like a priest at an exorcism. While 

certainly not the only group of people that can and have given a name to abstract social 

phenomena they are particularly well-equipped to do so. The sense making tools I have 

introduced in this dissertation are a modest attempt at reorganizing thinking so as to 

produce better outcomes more of the time. 

Taken together, all three sense-making tools are really about what everyone brings to 

their chosen projects, whether that is building a vending machine across an ocean, setting 

up a Wi-Fi network in your own backyard, or another equally unique and complicated 

project. We come to our work with imperfect information about what resources are 

available to us and how we might leverage those resources for stated and implied goals.  
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All of this is true for mundane work but it especially salient when we set our sights high 

and look to alter some of the more fundamental aspects of our shared humanity. By 

thinking in terms of emergence one can more easily set aside arguments about the purity 

of any given oppositional practice and instead seek out possibilities for the sustainable 

growth of counter-power institutions. Recursivity, I have argued is a useful way of 

determining whether or not an oppositional practice or counter-power institution is 

growing or developing in a sustainable fashion. Finally, this dissertation has shown that 

thinking in terms of being online or offline with regard to specific flows in information 

and capital is a useful means of thinking through the connections between discreet actors 

or groups of people. 

My focus on emergence and networks might give the impression that I find all of these 

social phenomena to be infinitely pliable and easily changed when in fact my experience 

has proved that the opposite is quite true. It is very difficult and time-consuming to lift 

barriers rearrange resource flows, or alter someone’s view of the world. To drive home 

the enormous weight of this sort of work and counter any sort of semantic lightness the 

previous chapters might have contained I will conclude by talking in terms of chains. 

Chains can be constraining shackles or uplifting supports. Chains can pull us along on 

defined routes or anchor us to a specific point. They can be fast or immobile, constraining 

or enabling, but chains are always durable, strong, and able to link two or more things 

together. 

It is quite common for good-intentioned people to deny or ignore their chains and so they 

drag and whip them around without seeing the destruction they are creating. One may not 

be able to unlock themselves from the chains of racial oppression (either as the oppressed 

or the oppressor) but awareness of the chains can reduce destructive flailing. Research 

into scientific and technological controversies show that, absent easily accessible case 

studies or replicable errors, people tend to defer responsibility for failure across technical 

and social boundaries (Akrich 1993). A project with a lot of engineers is going to be 

composed of some very esoteric and complicated engineering debates and some of the 

more serious turning points in the project will be settling upon the proper material for an 

axle or the best parametric equation to use in the designing of a cam. These are the kinds 
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of problems that come out of the mangle as Pickering describes it. My job as a social 

scientist however, was to be equally if not more attuned to the organizational formations, 

people, and things that came into being as the projects matured. To that end, “What I am 

bringing to the table” is my expertise in what is likely to happen if the project relies too 

much on high precision parts, NGOs, or appeals to western conceptions of disease and 

treatment.  

The logistics of getting materials or pre-built objects to Ghana posed a real risk of ruining 

months of work. The historian of technology Thomas P. Hughes would call this problem 

a reverse salient (2012). Reverse salients are relatively small, often over-looked pieces in 

a much larger system that have an outsized negative influence on the rest of the system. 

The one-lane exit ramp that always has traffic on it during rush hour, the relatively slow 

speed of cellular data across two otherwise speedy devices, and a fidgety oven in a busy 

restaurant’s kitchen are all examples of reverse salients. They might not always cause 

total system collapse, but they are often a large mitigating factor in dragging down 

overall, average system performance. This is the case in systems that are geared for 

efficiency and recursivity.  

When considering what to bring to Ghana every year, we were forced to confront a wide 

range of reverse salients that put our ambitions in check: the airline-imposed weight 

limits of each bag; the fees for going over those limits or bringing a second bag; 

ambiguous customs regulations; our own comfort about how much of our expensive 

equipment we wanted to run through the paces of international travel. Even if you did 

manage to find a way to bring everything, some things didn’t quite arrive in the shape 

you packed them up in. The screen of the netbook I used as part of the SMS Condom 

Locator ended up getting smashed during our Summer 2012 visit, making even the 

slightest hopes of getting a text message system up and running that much smaller. Other 

projects had much larger physical artifacts that would get held up at customs, sometimes 

never to re-emerge.  

What we bring, in the abstract and literal senses, always have points of connection to vast 

and heterogeneous webs of information, social ties, and physical artifacts (Hughes 1986). 



 
 
 

207 

Scholars have given many names to this dynamic. Hughes (1986) recalls that prior to this 

focus on networks and systems, the historians of science and technology focused on “the 

context, especially the social context, of science and technology” (1986, 282). In one of 

the early applications of Actor-Network Theory, Michel Callon (1987) argues that 

transforming the world is a process of negotiation among heterogeneous actors that are 

constantly reverting to their old roles or defining their own roles in opposition to the ones 

imposed from outside. Systems, like private companies or electrical grids work within the 

ecosystems of networks, which can also be collapsed into a single actant. Hughes 

prescribes that future historians and social scientists studying science and technology 

“resort to neologisms and the abstractions of interaction- such as component and system, 

entity and network, and actor and actor world” (1987, 291) to avoid the influence that 

traditional categories like technology, society, science, culture, context, and content have 

on our analysis.  

Hughes’ work is decades old but his call for a particular set of neologisms that blur the 

lines between context and content continue to be heard. Karen Levy (2015) for example, 

persuasively argues that Nexafed—a pseudoephedrine alternative that is useless as a 

precursor for methamphetamine production—defies the logic of the individual user of 

technologies. Nexafed and Sudafed are equally effective as a decongestant and cost about 

the same so customers have no reason to start buying Nexafed and pharmacies would be 

giving up valuable shelf space for a product that is nearly identical to something they 

already sell.  Levy argues that once you reconceptualize the user as “a network of 

interpersonal, legal, and institutional relationships, consisting of multiple modes of 

relation between people and technology” the case for Nexafed “snaps into focus” (2015). 

Nexafed can be wielded as a public relations tool, for example, giving pharmacies and 

individual buyers the opportunity to claim they are doing their part in stemming the tide 

of meth production.  

This line of study is useful as it encourages engineers who might seek out “user-centered 

design” literature an opportunity to think about people as parts of groups and cultures 

instead of atomistic individuals, while also avoiding some of the ouroboros-like problems 

of content and context. My approach has been different in one key respect: while Levy, 
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Callon, and Hughes are attempting to understand a system from the outside, I am working 

in a more performative idiom that seeks to understand the world as it emerges from a 

particular perspective internal to the project’s development. ANT, as Pickering (1995; 

1992) and Harding (2008) have noted, does not provide analytic purchase for messy, 

deeply material problems as they happen. The sense-making tools that I have provided in 

chapters 3, 4, and 5 are meant to help activists prioritize, coordinate, and decide as 

problems emerge.  

The metaphorical answer to this chapter’s titular question is chains, but in a very literal 

sense we should be considering what are the physical instantiations of our chains. In 

other words, the people, things, and ideas we consider necessary for any project says 

something about how we think the world works and more specifically how we think 

change is enacted.  I would like to stay in the metaphorical realm of chains a bit longer 

though because thinking in chains implies a sort of seriousness. One does not chain 

themselves to something or someone without due consideration. What sorts of chains are 

social scientists and activists dragging behind them or attaching to other people and 

things when they set out to change the world? Have activist-minded social scientists 

restrained themselves in productive ways while supporting others? Of course the answers 

to these questions are never straightforward but they are worth asking in the midst of 

doing the work. 

I chose chains not only because of the heaviness they imply but because it is important to 

think of relationships that are already colloquially described as chains: supply chains, 

chains of custody, chain reactions, and so on. The absence of what would have been a 

supporting (supply) chain—the easy importation of pre-made vending machines—may 

have made our first goal of more readily available condoms easier to achieve, but it 

would have locked in many other less desirable chains. These other chains would tie us 

down to a specific manufacturer that may lessen our recursivity and do more to 

strengthen capitalism than open up new cracks because of their manufacturing conditions.   

In the case of the OSCVM I eventually decided to answer these questions with kits. By 

bringing some pre-made parts and locally sourcing the rest, Baker was able to make a 
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fully functioning machine in good time. Those kits did not possess all of the chains of a 

fully built machine, but they did provide enough to structure the phasing in of 3D-printed 

gears and more advanced coin mechanisms. Putting the schematics for making your own 

vending machine online was an attempt to ferret out and link up more people so that the 

machine there would be more but shorter chains linking together on the African continent 

and not across the Atlantic or Indian oceans. 

CONTRIBUTIONS TO THE FIELD 
This dissertation has covered a wide variety of fields including political economy, public 

health, social movements, and science and technology studies. It is this last area of 

concentration, however, that I wish to make the biggest contribution and I will outline in 

this section exactly what those contributions are. To begin, I will revisit the critical 

making literature covered in the first two chapters. The discussion will then move on to 

the literature surrounding the role of technology in development before ending in a 

review of the theoretical contributions of the dissertation. 

In a special issue of The Information Society Sara Wylie, Kirk Jalbert, Shannon 

Dosemagen, and Matt Ratto challenge institutions of higher education to, “open its doors 

to supporting civic technoscience. Imagine networks of skilled technicians in chemistry 

labs—also citizens of technoscience—volunteering their knowledge (2014, 123).” Both 

of the projects in this dissertation worked in a similar spirit of openness by looking to 

build alternative sites of knowledge production and legitimacy. Indeed, while the work 

presented here should be read as a full-throated endorsement of the sentiments expressed 

by Wylie et.al. it should also be understood as a bit of a cautionary tale.  

Opening up institutions is not always a one-way transference of resources, even if that is 

the intention of the academics opening the metaphorical doors. Such is the upshot of the 

“what do we bring” critique. Connecting a neighborhood to the flows of capital and 

information (i.e. brought online) that universities attract can act as a spur-and-stop or like 

a station in a small Midwestern town. That is, they can be means of drawing in useful 

resources and attention, but it may also let them escape or diffuse to the detriment of 

smaller communities. From my experience in Kumasi and North Central, such endeavors 

seem likely to develop into highly restrictive circuits of capital unless explicitly directed 
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otherwise. Important to the work of civic technoscience then, is constant and deliberate 

focus on the design of the organizational relationships that are formed and eliminated as a 

result of reorienting online/offline relations. Just as the Sanctuary “opened its doors” to 

the surrounding community, it also sought opportunities to structure participation that fell 

short of what the literature on participatory design suggests is necessary for an equitable 

exchange of time, money, and expertise for all involved.  

Another subfield of STS that this dissertation speaks directly to are the accounts of 

“development” work interpolated through technology diffusion. The contribution of this 

dissertation is best characterized as a tightrope walk between two water pumps: Martin 

Fisher’s Kickstart (2006) and de Laet and Mol’s Zimbabwe bush pump (2000). The 

former prioritizes a highly reliable and reproducible commodity that is built solely to be a 

revenue generator for its owner. The latter is meant to be highly adaptable and 

encourages communities to “love” it through the nationalistic pride of a locally made 

piece of infrastructure that requires whole communities to install. 

The OSCVM reflected many of the traits of recursivity, and so every effort was made to 

strive “towards” the Zimbabwe bush pump while still recognizing that Fisher is right 

when he says,  

A prejudice leads many to assume that poor people only need poorly 

engineered products. Nothing is further from the truth. To start successful 

businesses they require high-quality, well- engineered and highly durable 

equipment with consistent performance characteristics and 

interchangeable spare parts—just as the better-off require when they buy a 

photocopier, car or computer. This requires high-quality engineering and 

mass production. (2006, 20)  

Fisher, in his uncritical approach to capitalism, elides the potential alternatives to 

capitalist wealth accumulation. The recursivity sense-making tool is especially relevant 

here as it posits the rejuvenation of commons management which Fisher dismisses 

literally countless forms of communitarian resource management when he says, “Group 
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ownership—devoid of accountability for those who don’t contribute and reward for those 

who do—fails” (2006, 12).  

The work in this dissertation, particularly the comparison between the two field sites, 

indicates that high quality need not come from mass production as it is commonly 

conceived. Indeed, it seems massively short-sited that the strategy for undoing the global 

plunder of the African continent is to double down on the economic relations that have 

perpetuated it. At the same time, such an analysis should be careful not to go too far in 

the opposite direction and applaud a technology like the Zimbabwe bush pump without 

also recognizing that the entire supply chain, installation, and maintenance regimes 

require equally thorough re-envisioning.  

Finally, this dissertation has put forth a considerable amount of theoretical work in the 

form of what I have called “sense-making tools.” These tools are meant to orient activists 

and activist-minded scholars towards doing work that builds counter-power institutions 

and practices that are antagonistic towards capitalist processes. The biggest contribution 

relevant to the field of STS is the leveraging of Pickering’s mangle to better make sense 

of social justice work as it is happening. By putting the mangle in conversation with 

Marxist analysis, the field may strengthen its positive program of prescriptive change and 

action. 

Pickering’s work has been used in a wide variety of contexts, most notably the range of 

case studies found in The Mangle in Practice (Pickering and Guzik 2008). While some 

are immediately and explicitly applicable to social justice concerns (see Guzik 2008) 

there has yet to be a thorough accounting of how the materialism of Marxist critique 

meets up with the field of material agency described by Pickering. What I have shown are 

the epistemological similarities between scientific practice and praxis. The upshot of such 

a comparison is an emergent account of capitalism wherein the process of capital 

accumulation is a distributed and pernicious arrangement that can enroll its antagonists in 

its own perpetuation. This is important to STS in particular because of its recent turn 

towards making and doing, an undertaking that is predicated on wrangling with 

materiality, the sourcing of goods and commodities, and the choosing of whether the 
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process or the final product (i.e. means and ends) should be given priority in one’s 

investigation.  

IT MADE SENSE AT THE TIME 
Even though I have chosen to focus on projects that had an antagonistic relationship with 

hegemony, it is remarkable how much of these projects were subject to the same forces 

that make or break fairly conventional bureaucratic efforts as well. The sense-making 

tools described in chapters 3, 4, and 5 may not be useful to those working squarely within 

big bureaucracies but it is worth noting in these last few paragraphs what sorts of 

challenges any change in the present state of things must overcome. 

For this I turn to a study of a redevelopment project in Oakland, California that took 

place in the alter half of the 1960s. The specifics of the project are actually unimportant 

because Pressman and Wildavsky’s analysis is so widely applicable. The linking of 

means and ends, something I have cast largely as a matter of radical praxis is also at play 

in mundane urban jobs programs and their relationship is more important than ever. 

Pressman and Wildavsky observe, “The means loom larger all the time because they are 

what the action is about. Actually, it is easier to disagree about means because they are 

there to provoke quarrels, while ends are always around the corner” (Pressman and 

Wildavsky 1973, 98–99).  

There is generally widespread agreement on the ends of any one project but 

disagreements about means can fall into seven broad categories: 1) Direct incompatibility 

with other commitments. 2) No direct incompatibility, but a preference for other 

programs. 3) Simultaneous commitments to other projects. 4) Dependence on others who 

lack a sense of urgency in the project. 5) Differences of opinion on leadership and proper 

organizational roles. 6) Legal and procedural differences 7) Agreement coupled with lack 

of power (Pressman and Wildavsky 1973, 99–101).  

Up until this point I have not really described how my divided attention between these 

two parallel projects effected their outcome. Certainly working on two projects at the 

same time produced conflicts of commitment and there were times where one project 

took center stage while the other waited in my inbox. But even if I had worked on a 
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single project for my dissertation, an academic’s attention is always divided by classes, 

service to their department, conferences, and so on. Of course the existence of so many 

high-quality projects that have been organized or substantially completed by academics 

means that “incompatibility with other commitments” or “simultaneous commitments to 

other projects” cannot shut down a project on their own. Indeed, Pressman and 

Wildavsky do not claim that any of these are substantial enough to be the reason for a 

project failing. Rather, it is a death by a thousand cuts: 

None of the participants actually disagreed with the goal of providing jobs 

for minority unemployed, but their differing perspectives and senses of 

urgency made it difficult to translate broad substantive agreement into 

effective policy implementation. It was not merely direction of their 

decisions --favorable or unfavorable—but the time orientation of the 

participants—fast or slow, urgent or indolent—that determined the 

prospects of completion. When so many future decisions depend on past 

actions, delay in time may be equivalent to defeat in substance. (Pressman 

and Wildavsky 1973, 113) 

Death for bureaucratic projects then, is brought on by delay and confusion. Implementing 

a policy, that is turning legislation into action, is a matter of keeping momentum and a 

sense of urgency. “Delay,” they write, “is a function of the number of decisions points, 

the number of participants at each point, and the intensity of their preferences.”  No one 

single person or organization needs to be intensely against a project for it to fail.  

Building counter-power faces similar dynamics. Any activist will attest to the fact that 

losing momentum is the death knell of social movements. But there is still something 

important about giving work the time it needs to percolate. The interactions among 

human and non-human participants must be given time to reveal themselves. The dance 

of agency is a slow and intimate one. If part of moving past capitalism is removing 

efficiency from our practices and object-worlds, then we may have to build in tolerance 

for iterations that look like frequent failure. We have to foster patience for conflicts of 

commitments as we build out the counter-power institutions that let us spend all of our 
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productive time working towards that better future. Still though, Pressman and 

Wildavsky’s words are prescient and worth keeping in our minds as we keep our nose to 

the grindstone: “The cards in this world are stacked against things happening, as so much 

effort is required to make them move. The remarkable thing is that new programs work at 

all” (1973, 109). 

  



 
 
 

215 

BIBLIOGRAPHY 
Abbate, Janet. 1999. Inventing the Internet. Inside Technology. Cambridge, MA: MIT 

Press. 
Abrams, Lindsay. 2014. “Florida Woman Living off the Grid Forced to Connect to City 

Utilities.” Salon, February 26. 
http://www.salon.com/2014/02/26/florida_woman_living_off_the_grid_forced_to
_connect_to_city_utilities/. Date last accessed: October 24, 2015. 

Adih, William K, and Cheryl S Alexander. 1999. “Determinants of Condom Use to 
Prevent HIV Infection Among Youth in Ghana.” Journal of Adolescent Health 24 
(1): 63–72. doi:10.1016/S1054-139X(98)00062-7. Date last accessed: June 25, 
2014. 

Agre, Philip. 1997. Computation and Human Experience. Cambridge, MA: Cambridge 
University Press. 

———. 2009. “Toward a Critical Technical Practice.” In Social Science, Technical 
Systems, and Cooperative Work: Beyond the Great Divide, edited by Geoffrey 
Bowker, Susan Leigh Star, Les Gasser, and William Turner. New York, NY: 
Psychology Press. 

Agromashina Joint Stock Company. 2016. “Agromasina SA | About Us.” Agromashina 
Joint Stock Company Website. Accessed May 12. 
http://moldagro.md/index.php/client/about_us/agromashina.moldagro.md. Date 
last accessed: May 12, 2016. 

Akrich, Madeleine. 1993. “A Gazogene in Costa Rica: An Experiment in Techno-
Sociology.” In Technological Choices: Transformation in Material Cultures since 
the Neolithic, edited by Pierre Lemonnier, 289–337. Material Cultures. New 
York, NY: Routledge. 

Alperovitz, Gar. 2013. What Then Must We Do?: Straight Talk About the Next American 
Revolution. White River Junction, VT: Chelsea Green Publishing Company. 

American Academy of Arts and Sciences. 2015. “Public Research Universities: Why 
They Matter.” Cambridge, MA: The Lincoln Project. 

Amster, Randall. 2009. Contemporary Anarchist Studies: An Introductory Anthology of 
Anarchy in the Academy. New York, NY: Routledge. 

Amtrak Blog, The. 2014. “Writers Selected for Amtrak Residency Program.” The 
Official Blog of Amtrak. September 24. http://blog.amtrak.com/2014/09/writers-
selected-amtrak-residency-program/. Date last accessed: December 15, 2014. 

Arendt, Hannah. 1969. The Human Condition. 2nd ed. Chicago, IL: University of 
Chicago Press. 

Atuahene, Francis. 2008. “Higher Education Finance in Ghana.” International Higher 
Education 50: 20-21. 

Atuahene, Francis, and Anthony Owusu-Ansah. 2013. “A Descriptive Assessment of 
Higher Education Access, Participation, Equity, and Disparity in Ghana.” SAGE 
Open 3 (3): 2-16. doi:10.1177/2158244013497725. Date last accessed: May 23, 
2016. 

Bailey, William Francis. 1906. The Story of the First Trans-Continental Railroads 
Projectors, Construction and History. Pittsburgh, PA: Pittsburgh Printing 



 
 
 

216 

Company. http://www.gutenberg.org/ebooks/22598. Project Gutenberg ebook 
version. Date last accessed: December 28, 2014.  

Baker, Joseph. 2013. “HIV Prevention in Ghana: Research Into Practical Methods: 
Prototype Construction, Cont’d.” HIV Prevention in Ghana. October 13. 
http://www.3rdworldvendingmachine.blogspot.com/2013/10/prototype-
construction-contd.html. Date last accessed: September 7, 2015. 

Banks, David. 2012. “First Installation.” Triple Helix. July 5. 
http://www.3helix.rpi.edu/?p=2982. Date last accessed: August 31, 2015. 

Banks, David A. Forthcoming. “Anti-Authoritarian Metrics: Recursivity as a Strategy for 
Post-Capitalism.” Teknokultura 

Banks, David A. 2015. “Lines of Power: Availability to Networks as a Social 
Phenomenon.” First Monday 20 (11). doi:10.5210/fm.v20i11.6283. Date last 
accessed: November 9, 2015. 

Bauman, Zygmunt. 2013. Liquid Surveillance: A Conversation. Polity Conversations 
Series. Malden, MA: Polity Press. 

Bennett, Audrey. 2015. “Connotative Localization of an HIV Prevention Image to 
Promote Safer Sex Practices in Ghana.” Visible Language 49 (1/2): 25–38. 

Berardi, Franco Bifo. 2011. After the Future. Edited by Gary Genosko and Nicholas 
Thoburn. Oakland, CA: AK Press. 

Bijker, Wiebe. 1997. Of Bicycles, Bakelites, and Bulbs: Toward a Theory of 
Sociotechnical Change. Cambridge, MA: MIT Press. 

Boehner, Kirsten, Shay David, Joseph Kaye, and Phoebe Sengers. 2005. “Critical 
Technical Practice as a Methodology for Values in Design.” In Quality, Value(s) 
and Choice: Exploring Wider Implications of HCI Practice, 2–7. Ithaca, NY. 

Boserup, Ester. 1989a. Woman’s Role in Economic Development. London, UK: 
Earthscan. 

———. 1989b. “Population, the Status of Women, and Rural Development.” Population 
and Development Review 15: 45–60. doi:10.2307/2807921. Date last accessed: 
July 3, 2014. 

boyd, danah. 2012. “White Flight in Networked Publics?” In Race After the Internet, 
204–22. New York, NY: Routledge. 

———. 2014. It’s Complicated: The Social Lives of Networked Teens. New Haven, CT: 
Yale University Press. 

Braverman, Harry. 1998. Labor and Monopoly Capital: The Degradation of Work in the 
Twentieth Century. Rev. ed. New York, NY: Monthly Review Press. 

Brenner, Neil, and Nik Theodore. 2002. “The Urbanization of Neoliberalism: Theoretical 
Debates Cities and the Geographies of Actually Existing Neoliberalism.” 
Antipode 34 (3): 349–79. doi:10.1111/1467-8330.00246. Date last accessed: 
January 17, 2013. 

Bromley, Daniel W. 1990. “The Ideology of Efficiency: Searching for a Theory of Policy 
Analysis.” Journal of Environmental Economics and Management 19 (1): 86–
107. doi:10.1016/0095-0696(90)90062-4. Date last accessed: February 22, 2015. 

Bronet, Frances, and Linda Layne. 2010. “Teaching Feminist Technology Design.” In 
Feminist Technology, edited by Linda Layne, Sharra Vostral, and Kate Boyer, 
179–96. Urbana, Il: University of Illinois Press. 

Bucciarelli, Louis L. 1996. Designing Engineers. Cambridge, MA: MIT Press. 



 
 
 

217 

Burawoy, Michael. 1998. “The Extended Case Method.” Sociological Theory 16 (1): 4–
33. doi:10.1111/0735-2751.00040. Date last accessed: January 17, 2013. 

Burrell, Jenna. 2010. “User Agency in the Middle Range: Rumors and the Reinvention of 
the Internet in Accra, Ghana.” Science, Technology & Human Values 36 (2): 139–
59. doi:10.1177/0162243910366148. January 7, 2015 

———. 2012. Invisible Users: Youth in the Internet Cafés of Urban Ghana. Cambridge, 
MA: MIT Press. 

Busch, Lawrence. 2000. “The Moral Economy of Grades and Standards.” Journal of 
Rural Studies 16 (3): 273–83. doi:10.1016/S0743-0167(99)00061-3. Date last 
accessed: May 12, 2016. 

Butler, Jane, ed. 2013. Wireless Networking in the Developing World. 3rd ed. 
Copenhagen, DE: WNDW. 

Calhoun, Craig J. 1992. Habermas and the Public Sphere. Cambridge, MA: MIT Press. 
Callon, Michel. 1987. “Society in the Making: The Study of Technology as a Tool for 

Sociological Analysis.” In The Social Construction of Technological Systems: 
New Directions in the Sociology and History of Technology, edited by Wiebe E. 
Bijker, Thomas P. Hughes, and Trevor J. Pinch, 83–103. Cambridge, MA: MIT 
Press. First published 1987. 

Campbell, Nancy D. 2000. Using Women: Gender, Drug Policy, and Social Justice. New 
York, NY: Routledge. 

Carr, Nicholas. 2008. “Is Google Making Us Stupid?” The Atlantic, July. 
http://www.theatlantic.com/magazine/archive/2008/07/is-google-making-us-
stupid/306868/. Date last accessed: December 15, 2014. 

Charbonneau, Louis. 2015. “U.N. Nations Approve Principles for Sovereign Debt 
Restructuring.” Reuters, September 10. 
http://www.reuters.com/article/2015/09/10/us-un-sovereign-debt-
idUSKCN0RA2KS20150910. Date last accessed: October 8, 2015. 

Chase, Robin, Jebediah Reed, and Cassim Shepard. 2009. “A Conversation with Robin 
Chase.” Urban Omnibus, June 10. http://urbanomnibus.net/2009/06/a-
conversation-with-robin-chase/. Date last accessed: May 13, 2016. 

ChicagoL.org. 2015. “Chicago Rapid Transit Company (CRT).” ChicagoL.org. Accessed 
January 3. http://www.chicago-l.org/history/chron_CRT.html. Date last accessed: 
January 3, 2015. 

Cohen, Arnold A. 1983. Introduction to High-Speed Computing Devices, by Engineering 
Research Associates, ix-xxxiii. Los Angeles, CA: Tomash Publishers. 

Coleman, Gabriella. 2012. Coding Freedom: The Ethics and Aesthetics of Hacking. 
Princeton, NJ: Princeton University Press. 

Commotion Wireless. 2016a. “Common Hardware Setups.” Commotion Wireless. 
Accessed May 16. https://commotionwireless.net/docs/cck/installing-
configuring/common-hardware-setups/. Date last accessed: May 16, 2016. 

———. 2016b. “Frequently Asked Questions.” Commotion Wireless. Accessed May 22. 
https://commotionwireless.net/about/faq/. Date last accessed: May 22, 2016. 

Cooke, Bill, and Uma Kothari, eds. 2001. Participation: The New Tyranny? New York, 
NY: Zed Books. 



 
 
 

218 

Coston, Bethany M., and Michael Kimmel. 2012. “White Men as the New Victims: 
Reverse Discrimination Cases and the Men’s Rights Movement.” Nevada Law 
Journal 13: 368. 

Côté, Anne-Marie, François Sobela, Agnes Dzokoto, Khonde Nzambi, Comfort 
Asamoah-Adu, Annie-Claude Labbé, Benoit Mâsse, Joyce Mensah, Eric Frost, 
and Jacques Pépin. 2004. “Transactional Sex Is the Driving Force in the 
Dynamics of HIV in Accra, Ghana.” AIDS 18 (6): 917–25. 

Cox, Susan Jane Buck. 1985. “No Tragedy of the Commons” Environmental Ethics 7 (1): 
49–61. doi:10.5840/enviroethics1985716. Date last accessed: June 22, 2014 

Creativity Group. 2015. “About Us.” Creativity Group. 
http://www.creativitygroup.org/aboutus.html. Date last accessed: December 1, 
2015. 

Crowe, Kenneth C. 2012. “Freedom Square: Crossroads for Revival.” Times Union, 
December 27. http://www.timesunion.com/local/article/Freedom-Square-
Crossroads-for-revival-4150086.php. Date last accessed: May 20, 2016. 

———. 2013. “Steel Columns Will Be Sold.” Times Union, May 2, sec. Troy. 
http://www.timesunion.com/local/article/Steel-columns-will-be-sold-
4484627.php. Date last accessed: May 20, 2016. 

Davis, Jenny L, and Nathan Jurgenson. 2014. “Context Collapse: Theorizing Context 
Collusions and Collisions.” Information, Communication & Society 17 (4): 1–10. 
doi:10.1080/1369118X.2014.888458. Date last accessed: August 5, 2016. 

Ebrahim, Shah. 2009. “Cabbages and Condoms.” International Journal of Epidemiology 
38 (2): 327–29. doi:10.1093/ije/dyp177. Date last accessed: May 13, 2016. 

Eglash, Ron. [Forthcoming]. “Introduction to the Special Issue of Generative Justice.” 
Teknokultura 

———. 1999. African Fractals: Modern Computing and Indigenous Design. New 
Brunswick, NJ: Rutgers University Press. 

———. 2004. “Appropriating Technology: An Introduction.” In Appropriating 
Technology: Vernacular Science and Social Power, edited by Ron Eglash, 
Jennifer Croissant, Giovanna Di Chiro, and Rayvon Fouchée, vii – xxi. 
Minneapolis, MN: University of Minnesota Press. 

———. 2006. “Technology as Material Culture.” In Handbook of Material Culture, 
edited by Chris Tilley, Webb Keane, Susanne Kuechler, Mike Rowlands, and 
Patricia Spyer, 329–40. Thousand Oaks, CA: SAGE Publications Ltd. 

———. 2014. “Generative Justice: The Revolution Will Be Self-Organized.” Tikkun 
Magazine, April 15. http://www.tikkun.org/nextgen/generative-justice-the-
revolution-will-be-self-organized. Date last accessed: August 21, 2015. 

Eglash, Ron, and David A. Banks. 2014. “Recursive Depth in Generative Spaces: 
Democratization in Three Dimensions of Technosocial Self-Organization.” The 
Information Society 30 (2): 106–15. doi:10.1080/01972243.2014.875775. Date 
last accessed: March 4, 2014. 

Ellul, Jacques. 1964. The Technological Society. Toronto, ON: Vintage Books. 
Embassy of Ghana. 2015. “Population.” Embassy of Ghana. 

http://www.ghanaembassy.org/index.php?page=population. Date last accessed: 
November 11, 2015. 



 
 
 

219 

Eubanks, Virginia. 2011. Digital Dead End: Fighting for Social Justice in the Information 
Age. Cambridge, MA: The MIT Press. 

Fields, Gary. 2003. Territories of Profit: Communications, Capitalist Development, and 
the Innovative Enterprises of G. F. Swift and Dell Computer. Stanford, CA: 
Stanford Business Books. 

Fisher, Martin. 2006. “Income Is Development: KickStart’s Pumps Help Kenyan Farmers 
Transition to a Cash Economy.” Innovations: Technology, Governance, 
Globalization 1 (1): 9–30. doi:10.1162/itgg.2006.1.1.9. Date last accessed: 
January 6, 2015. 

Fisk, Nathan. 2011. “Trash Talk and Trusted Adults: An Analysis of Youth Internet 
Safety Discourses in New York State by.” PhD diss., Rensselaer Polytechnic 
Institute. 

Foucault, Michel. 1980. Power/Knowledge. a Selected Interviews and Other Writings 
1972-77. New York, NY: Pantheon Books. 

———. 1995. Discipline and Punish: The Birth of the Prison. Translated by Alan 
Sheridan. 2nd ed. New York, NY: Vintage books. 

Freire, Paulo. 2000. Pedagogy of the Oppressed. Translated by Donaldo Macedo. Rev. 
ed. New York, NY: Continuum International Publishing Group. 

Gabrys, Jennifer. 2013. Digital Rubbish: A Natural History of Electronics. Digital 
Culture Books. Ann Arbor, MI: University of Michigan Press. 

Galloway, Alexander. 2001. “Protocol, Or, How Control Exists after Decentralization.” 
Rethinking Marxism 13 (3-4): 81–88. doi:10.1080/089356901101241758. Date 
last accessed: February 8, 2015. 

Gallup News Incorporated. 2013. “Confidence in Institutions.” Gallup News 
Incorporated. http://www.gallup.com/poll/1597/confidence-institutions.aspx. Date 
last accessed: August 10, 2013. 

Ghana AIDS Commission. 2013. “Summary of The 2013 HIV Sentinel Survey Report.” 
http://ghanaids.gov.gh/gac1/aids_info.php. Date last accessed: May 6, 2016. 

Ghana Trade Union Congress. 2016. “Salary Check.” MyWage.org/ghana. Date last 
accessed: May 23, 2016. 

Glaser, Donald A. 1958. “Elementary Particles and Bubble Chambers.” Handbuch Der 
Physik 45: 314–41. 

Goldman, Michael. 2005. Imperial Nature: The World Bank and Struggles for Social 
Justice in the Age of Globalization. Yale Agrarian Studies Series. New Haven, 
CT: Yale University Press. 

Gordon, Sarah. 1996. Passage to Union: How the Railroads Transformed American Life, 
1829-1929. Chicago, IL: Elephant Paperbacks. 

Gordon, Uri. 2007. Anarchy Alive!: Anti-Authoritarian Politics from Practice to Theory. 
London, UK: Pluto Press. 

Gowdy, John M. 2004. “Altruism, Evolution, and Welfare Economics.” Journal of 
Economic Behavior & Organization 53 (1): 69–73. doi:10.1016/S0167-
2681(03)00105-7. Date last accessed: July 16, 2016. 

Graeber, David. 2011a. “Consumption.” Current Anthropology 52 (4): 489–511. 
———. 2011b. Debt: The First 5,000 Years. Brooklyn, NY: Melville House. 
Graeber, David. 2011c. Revolutions in Reverse. New York, NY: Minor Compositions. 



 
 
 

220 

Graeber, David. 2015. The Utopia of Rules: On Technology, Stupidity, and the Secret 
Joys of Bureaucracy. Brooklyn, NY: Melville House. 

Gronow, Jukka. 1988. “The Element of Irrationality: Max Weber’s Diagnosis of Modern 
Culture.” Acta Sociologica 31 (4): 319–31. 

“Guides and Case Studies.” 2015. Frontline SMS. Accessed August 11. 
http://www.frontlinesms.com/impact-of-frontline/guides-tools-and-case-studies/. 
Date last accessed: August 11, 2015. 

Guston, David H. 2014. “Understanding ‘anticipatory Governance.’” Social Studies of 
Science 44 (2): 218–42. doi:10.1177/0306312713508669. Date last accessed: June 
16, 2014. 

Guzik, Keith. 2008. “Soul Collectors: A Meditation on Arresting Domestic Violence.” In 
The Mangle in Practice: Science, Society, and Becoming, edited by Andrew 
Pickering and Keith Guzik. Durham, NC: Duke University Press. 

Habermas, Jürgen. 1991. The Structural Transformation of the Public Sphere: An Inquiry 
into a Category of Bourgeois Society. Cambridge, MA: The MIT Press. 

———. 1992. “Further Reflections on the Public Sphere.” In Habermas and the Public 
Sphere, 421–61. Cambridge, MA: The MIT Press. 

Hall, Peter. 2002. Cities of Tomorrow: An Intellectual History of Urban Planning and 
Design in the Twentieth Century. Malden, MA: Blackwell Publishers. 

Haraway, D. 1988. “Situated Knowledges: The Science Question in Feminism and the 
Privilege of Partial Perspective.” Feminist Studies 14 (3): 575–99. 

Harding, Sandra G, ed. 1987. Feminism and Methodology Social Science Issues. 
Bloomington, IN: Indiana University Press. 

———. 2008. Sciences from Below: Feminisms, Postcolonialities, and Modernities. 
Durham, NC: Duke University Press. 

Harvey, David. 2005. A Brief History of Neoliberalism. New York, NY: Oxford 
University Press. 

———. 2012. Rebel Cities: From the Right to the City to the Urban Revolution. New 
York, NY: Verso. 

Herkert, Joseph R., and David A. Banks. 2012. “I Have Seen the Future!: Ethics, 
Progress, and the Grand Challenges for Engineering.” International Journal of 
Engineering, Social Justice, and Peace 1 (2): 109–122. 

Hess, David J. 2009a. Localist Movements in a Global Economy: Sustainability, Justice, 
and Urban Development in the United States. Cambridge, MA: The MIT Press. 

Hess, David J. 2009b. “The Potentials and Limitations of Civil Society Research: Getting 
Undone Science Done.” Sociological Inquiry 79 (3): 306–27. doi:10.1111/j.1475-
682X.2009.00292.x. Date last accessed: January 17, 2013. 

———. 2010. “Environmental Reform Organizations and Undone Science in the United 
States: Exploring the Environmental, Health, and Safety Implications of 
Nanotechnology.” Science as Culture 19 (2): 181–214. 
doi:10.1080/09505430903183697. Date last accessed: January 17, 2013. 

Holloway, John. 2011. “Stop Making Capitalism.” Personal website. John Holloway. July 
30. http://www.johnholloway.com.mx/2011/07/30/stop-making-capitalism/. Date 
last accessed: June 22, 2015. 

Holloway, John, Benemérita Universidad Autónoma de Puebla, and Instituto de Ciencias 
Sociales y Humanidades. 2010. Crack Capitalism. New York, NY: Pluto Press. 



 
 
 

221 

hooks, bell. 2004. The Will to Change: Men, Masculinity, and Love. Rev. ed. New York, 
NY: Washington Square Press. 

Horst, Heather A, and Daniel Miller. 2006. The Cell Phone: An Anthropology of 
Communication. New York, NY: Berg.  

Howard, Philip N., and Steve Jones, eds. 2004. Society Online: The Internet in Context. 
Thousand Oaks, CA: Sage Publications. 

Hughes, Thomas P. 1986. “The Seamless Web: Technology, Science, Etcetera, Etcetera.” 
Social Studies of Science 16 (2): 281–92. 

Hughes, Thomas P. 2012. “The Evolution of Large Technological Systems.” In The 
Social Construction of Technological Systems: New Directions in the Sociology 
and History of Technology, edited by Wiebe E. Bijker, Thomas P. Hughes, and 
Trevor Pinch, 45–76. Cambridge, MA: The MIT Press. First published 1987. 

International Rice Research Institute. 2007. The Great Rice Robbery: A Handbook on the 
Impact of IRRI in Asia. Penang, Malaysia: Pesticide Action Network Asia and the 
Pacific in collaboration with Sibol ng Agham at Teknolohiya. 

Ioannou, Alexia, Peter Calaitzopoulos, Stephen Schiavone, Sarah Bogdan, and Vanessa 
Miller. 2014. “Initial Design Ideas.” PDI Studio 5. December. http://pdi-
studio5.wp.rpi.edu/2014-2/condom-vending-machine/intitial-interations/. Date 
last accessed: May 20, 2016. 

Jackson, Kenneth T. 1987. Crabgrass Frontier: The Suburbanization of the United 
States. New York, NY: Oxford University Press. 

Jaffe, Sarah. 2015. “Can Worker Cooperatives Alleviate Income Inequality?” Al Jazeera 
America, January 13, sec. U.S. 
http://america.aljazeera.com/articles/2015/1/13/worker-run-cooperatives.html. 
Date last accessed: January 20, 2015. 

Jayasinghe, Randika. 2013. “Assumptions, Diverse Realities, and Promises: 
Understanding Power Relations in Waste Management in Sri Lanka.” Conference 
presentation presented at the Engineering, Social Justice, and Peace Conference, 
Troy, NY, August 14. 

Joint United Nations Programme on HIV/AIDS. 2012. Global Report UNAIDS Report 
on the Global AIDS Epidemic: 2012. Geneva: UNAIDS. 

Jones, Alethia, Virginia Eubanks, and Barbara Smith. 2014. Ain’t Gonna Let Nobody 
Turn Me Around: Forty Years of Movement Building with Barbara Smith. New 
Political Science. Albany, NY: State University of New York Press. 

Jones, Steve, ed. 1998. CyberSociety 2.0: Revisiting Computer-Mediated Communication 
and Community. New Media Cultures. Thousand Oaks, CA: Sage Publications. 

Jurgenson, Nathan. 2012. “When Atoms Meet Bits: Social Media, the Mobile Web and 
Augmented Revolution.” Future Internet 4 (1): 83–91. doi:10.3390/fi4010083. 
Date last accessed: January 17, 2013. 

Kelty, Christopher. 2008. Two Bits: The Cultural Significance of Free Software. Durham, 
NC: Duke University Press. 

Kemmis, Stephen, and Robin McTaggart. 2005. “Participatory Action Research.” In 
Handbook of Qualitative Research, edited by Norman K. Denzin and Yvonna S. 
Lincoln, 3rd ed, 559–603. Thousand Oaks, CA: Sage Publications. 

Kimmel, Michael S. 2013. Angry White Men: American Masculinity at the End of an 
Era. New York, NY: Nation Books. 



 
 
 

222 

Kleinman, Daniel Lee. 1998. “Untangling Context: Understanding a University 
Laboratory in the Commercial World.” Science, Technology & Human Values 23 
(3): 285–314. doi:10.1177/016224399802300302. Date last accessed: January 17, 
2013 

Kleinman, Daniel Lee, and Steven P Vallas. 2001. “Science, Capitalism, and the Rise of 
the ‘Knowledge Worker’: The Changing Structure of Knowledge Production in 
the United States.” Theory and Society 30 (4): 451–92. 

Klein, Naomi. 2008. The Shock Doctrine: The Rise of Disaster Capitalism. New York, 
NY: Picador. 

Laet, Marianne de, and Annemarie Mol. 2000. “The Zimbabwe Bush Pump Mechanics of 
a Fluid Technology.” Social Studies of Science 30 (2): 225–63. 
doi:10.1177/030631200030002002. Date last accessed: June 16, 2014. 

Lamble, Sarah. 2016. “Community.” In Keywords for Radicals the Contested Vocabulary 
of Late Capitalist Struggle, edited by Kelly Fritsch, 103–9. Chico, CA: AK Press. 

Layne, Linda. 2000. “The Cultural Fix: An Anthropological Contribution to Science and 
Technology Studies.” Science Technology & Human Values 25 (3): 352–79. 

Layne, Linda, Sharra Vostral, and Kate Boyer, eds. 2010. Feminist Technology. Urbana, 
Il: University of Illinois Press. 

Layosa, Patricia M. 2007. “Impact of IRRI on Philippine’s Rice Agriculture.” In The 
Great Rice Robbery: A Handbook on the Impact of IRRI in Asia., edited by 
International Rice Research Institute. Penang, Malaysia: Pesticide Action 
Network Asia and the Pacific in collaboration with Sibol ng Agham at 
Teknolohiya. 

Lee, Timothy B. 2011. “Telecommunications and The Public Use Principle.” Forbes, 
December 6. 
http://www.forbes.com/sites/timothylee/2011/12/06/telecommunications-and-the-
public-use-principle/. Date last accessed: May 16, 2015. 

Lennertz, Bill, and Aarin Lutzenhiser. 2006. The Charrette Handbook. Chicago, IL: APA 
Planners Press. 

Levy, Karen E. C. 2015. “The User as Network.” First Monday 20 (11). doi: 
10.5210/fm.v20i11.6281 Date last accessed: November 30, 2015. 

Ley, Barbara L, Natalie Jankowski, and Paul R Brewer. 2012. “Investigating CSI: 
Portrayals of DNA Testing on a Forensic Crime Show and Their Potential 
Effects.” Public Understanding of Science 21 (1): 51–67. doi: 
10.1177/0963662510367571. Date last accessed: January 17, 2013. 

Liboiron, Max. 2012. “Tactics of Waste, Dirt and Discard in the Occupy Movement.” 
Social Movement Studies 11 (3-4): 393–401. doi:10.1080/14742837.2012.704178. 
Date last accessed: September 27, 2015. 

Licato, John. 2011a. “John Licato’s Summer Work Log: Weekly Report: 5/18 - 5/24.” 
John Licato’s Summer Work Log. May 23. http://john-licato-
summer11.blogspot.com/2011/05/weekly-report-518-524.html. Date last 
accessed: August 10, 2015. 

———. 2011b. “John Licato’s Summer Work Log: Weekly Report: 5/25 - 5/31.” John 
Licato’s Summer Work Log. May 30. http://john-licato-
summer11.blogspot.com/2011/05/weekly-report-525-531.html. Date last 
accessed: August 10, 2015. 



 
 
 

223 

———. 2011c. “John Licato’s Summer Work Log: Update: 5/12.” John Licato’s Summer 
Work Log. June 12. http://john-licato-summer11.blogspot.com/2011/06/update-
512.html. Date last accessed: August 10, 2015. 

Lynch, Kevin. 1960. The Image of the City. Cambridge, MA: MIT Press. 
Lyon, David. 2011. Theorizing Surveillance: The Panopticon and Beyond. 3rd ed. New 

York, NY: Routledge. 
MacKenzie, Donald. 2012. “Missile Accuracy: A Case Study in the Social Processes of 

Technological Change.” In The Social Construction of Technological Systems: 
New Directions in the Sociology and History of Technology, edited by Wiebe E. 
Bijker, Thomas P. Hughes, and Trevor Pinch, 189–216. Cambridge, MA: The 
MIT Press. First published 1987. 

Macklin, Dan. 2016. “Soon Your Employer Might Be Allowed to Help Pay Off Your 
Student Loans.” Business Insider. March 11. 
http://www.businessinsider.com/employers-might-be-allowed-to-help-pay-off-
student-loans-2016-3. Date last accessed: May 23, 2016. 

Marick, Brian. 2008. “A Manglish Way of Working: Agile Software Development.” In 
The Mangle in Practice: Science, Society, and Becoming, edited by Andrew 
Pickering and Keith Guzik. Durham, NC: Duke University Press. 

Markham, C. H. 1926. “The Development, Strategy and Traffic of the Illinois Central 
System.” Economic Geography 2 (1): 1–18. doi:10.2307/140220. Date last 
accessed: September 22, 2014. 

Marx, Karl, and Friedrich Engels. 2011. Capital, Volume One: A Critique of Political 
Economy. Mineola, NY: Dover Publications. 

Marx, Leo. 1987. “Does Improved Technology Mean Progress?” Technology Review 1: 
33–41. 

———. 1998. “Information Technology in Historical Perspective.” In High Technology 
and Low-Income Communities: Prospects for the Positive Use of Advanced 
Information Technology, edited by Donald A Schön, Bishwapriya Sanyal, and 
William J Mitchell, 131–51. Cambridge, MA: The MIT Press. 

Mascarenhas, Michael. 2007. “Where the Waters Divide: First Nations, Tainted Water 
and Environmental Justice in Canada.” Local Environment 12 (6): 565–77. 
doi:10.1080/13549830701657265. Date last accessed: September 18, 2015. 

———. 2012. Where the Waters Divide: Neoliberalism, White Privilege, and 
Environmental Racism in Canada. Lanham, MD: Lexington Books. 

Mason, Paul. 2016. Postcapitalism: A Guide to Our Future. New York, NY: Farrar, 
Straus and Giroux. 

McChesney, Robert W, Russell Newman, and Ben Scott. 2005. The Future of Media: 
Resistance and Reform in the 21st Century. New York, NY: Seven Stories Press. 

McGregor, Sarah. 2006. “Pumping Out the Profits.” Embassy, March 29. 
http://www.embassynews.ca/diplomatic-circles/2006/03/29/pumping-out-the-
profits/33152. Date last accessed: May 7, 2016. 

McKinnon, Andrew M. 2010. “Elective Affinities of the Protestant Ethic: Weber and the 
Chemistry of Capitalism.” Sociological Theory 28 (1): 108–26. 
doi:10.1111/j.1467-9558.2009.01367.x. Date last accessed: June 24, 2016. 

McLuhan, Marshall. 2011. The Gutenberg Galaxy. Rev. ed. Toronto, ON: University of 
Toronto Press, Scholarly Publishing Division. 



 
 
 

224 

Meinrath, Sascha D. 2005. “Wirelessing the World: The Battle Over (Community) 
Wireless Networks.” In The Future of Media: Resistance and Reform in the 21st 
Century, edited by Robert McChesney, Russell Newman, and Ben Scott, 219–42. 
New York, NY: Seven Stories Press. 

Mosse, David. 2001. “‘People’s Knowledge’, Participation and Patronage: Operations 
and Representations in Rural Development.” In Participation: The New 
Tyranny?, edited by Bill Cooke and Uma Kothari, 16–35. New York, NY: Zed 
Books. 

Mumford, Lewis. 2010. Technics and Civilization. With a new forward by Langdon 
Winner. Chicago, IL: The University of Chicago Press. 

Nagel, Thomas. 1986. The View from Nowhere. New York, NY: Oxford University Press. 
Nakamura, Lisa, and Peter Chow-White. 2012. Race After the Internet. New York, NY: 

Routledge. 
Nappalos, Scott. 2012. “Ditching Class: The Praxis of Anarchist Communist 

Economics.” In The Accumulation of Freedom: Writings on Anarchist Economics, 
edited by Deric Shannon, Anthony J. Nocella, and John Asimakopoulos, 291–
312. Oakland, CA: AK Press. 

National Communications Authority. 2013. Cellular/Mobile Voice Market Share. 
http://www.nca.org.gh/40/105/Market-Share-Statistics.html. Date last accessed: 
January 4, 2014 

Ncube, N. M., J. Akunna, F. Babatunde, A. Nyarko, N. J. Yatich, W. Ellis, A. Turpin, 
and P. E. Jolly. 2012. “Sexual Risk Behaviour among HIV-Positive Persons in 
Kumasi, Ghana.” Ghana Medical Journal 46 (1): 27–33. doi:10.4314/gmj.v46i1. 
Date last accessed: August 14, 2015. 

Negroponte, Nicholas. 1995. Being Digital. New York, NY: Knopf. 
Nelson, Alondra, Thuy Linh N Tu, and Alicia Headlam Hines. 2001. Technicolor: Race, 

Technology, and Everyday Life. New York, NY: New York University Press. 
Nieusma, Dean. 2004. “Alternative Design Scholarship: Working Toward Appropriate 

Design.” Design Issues 20 (3): 13–24. doi:10.1162/0747936041423280. Date last 
accessed: February 24, 2014. 

Nieusma, Dean, and Ethan Blue. 2012. “Engineering and War.” International Journal of 
Engineering, Social Justice, and Peace 1 (1): 50–62. 

Nieusma, Dean, and Donna Riley. 2010. “Designs on Development: Engineering, 
Globalization, and Social Justice.” Engineering Studies 2 (1): 29–59. 
doi:10.1080/19378621003604748. Date last accessed: May 7, 2016. 

NSF GK-12 Program. 2015. “About NSF GK-12.” http://www.gk12.org/about/. Date last 
accessed: May 5, 2015. 

Odumosu, Toluwalgo B, 2009. “Interrogating Mobiles: A Story of Nigerian 
Appropriation of the Mobile Phone.” PhD diss., Rensselaer Polytechnic Institute. 

"online, adj. and adv.". OED Online. June 2016. Oxford University Press. 
http://www.oed.com.libproxy.rpi.edu/view/Entry/131453?redirectedFrom=online. 
Date last accessed August 5, 2016 

OpenSecrets.org. 2016. “Rep. Rodney Davis: Campaign Finance/Money - Industries - 
Representative 2016.” OpenSecrets. April 21. 
http://www.opensecrets.org/politicians/industries.php?cycle=2016&cid=N000347
84&type=I&newmem=N. Date last accessed: May 23, 2016. 



 
 
 

225 

Oppong Asante, K, and M Oti-Boadi. 2013. “HIV/AIDS Knowledge among 
Undergraduate University Students: Implications for Health Education Programs 
in Ghana.” African Health Sciences 13 (2): 270–77. doi:10.4314/ahs.v13i2.11. 
Date last accessed: August 14, 2015. 

Osmonalieva, K. N., and R. Sadykov. 1986. "New Tomato Varieties for Intensive 
Cultivation Technology." Geneticheskie aspekty selektsii v Kirgizii: genetika, 
selektsiya i semenovodstvo rasteniĭ. 106-111. 

 “Our Story.” 2015. Frontline SMS. Accessed August 11. 
http://www.frontlinesms.com/connect-with-us/our-story/. Date last accessed: 
August 11, 2015. 

Pasquale, Frank. 2015. The Black Box Society: The Secret Algorithms That Control 
Money and Information. Cambridge, MA: Harvard University Press. 

Peletz, Michael G. 1988. A Share of the Harvest: Kinship, Property, and Social History 
Among the Malays of Rembau. Berkeley, CA: University of California Press. 

Pew Research. 2013a. “Broadband Technology Fact Sheet.” Pew Research Center’s 
Internet & American Life Project. September. http://www.pewinternet.org/fact-
sheets/broadband-technology-fact-sheet/. Date last accessed: December 9, 2014. 

———. 2013b. “How Americans Go Online.” Pew Research Center’s Internet & 
American Life Project. September 25. 
http://www.pewinternet.org/2013/09/25/how-americans-go-online/. Date last 
accessed: December 9, 2014. 

Philip, K., L. Irani, and P. Dourish. 2012. “Postcolonial Computing: A Tactical Survey.” 
Science, Technology & Human Values 37 (1): 3–29. 
doi:10.1177/0162243910389594. Date last accessed: January 17, 2013. 

Pickering, Andrew. 1992. Science as Practice and Culture. Chicago, IL: University of 
Chicago Press. 

———. 1995. The Mangle of Practice: Time, Agency, and Science. Chicago, IL: 
University of Chicago Press. 

———. 2008. “New Ontologies.” In The Mangle in Practice: Science, Society, and 
Becoming, edited by Keith Guzik and Andrew Pickering, 1–14. Durham, NC: 
Duke University Press. 

Pickering, Andrew, and Keith Guzik, eds. 2008. The Mangle in Practice: Science, 
Society, and Becoming. Durham, NC: Duke University Press. 

Piketty, Thomas. 2014. Capital in the Twenty-First Century. Translated by Arthur 
Goldhammer. Cambridge, MA: Belknap Press. 

Pinch, Trevor, and Wiebe E. Bijker. 2012. “The Social Construction of Facts and 
Artifacts: Or How the Sociology of Science and the Sociology of Technology 
Might Benefit Each Other.” In The Social Construction of Technological Systems: 
New Directions in the Sociology and History of Technology, edited by Wiebe E. 
Bijker, Thomas P. Hughes, and Trevor Pinch, 11–44. Cambridge, MA: MIT 
Press. First published 1987. 

Portwood-Stacer, Laura. 2013. Lifestyle Politics and Radical Activism. New York, NY: 
Bloomsbury Press. 

Pressman, Jeffrey L, and Aaron B Wildavsky. 1973. Implementation: How Great 
Expectations in Washington Are Dashed in Oakland: Or, Why It’s Amazing That 
Federal Programs Work at All, This Being a Saga of the Economic Development 



 
 
 

226 

Administration as Told by Two Sympathetic Observers Who Seek to Build 
Morals on a Foundation of Ruined Hopes. Berkeley, CA.: University of California 
Press. 

Proudhon, Pierre-Joseph. 2011. Property Is Theft!: A Pierre-Joseph Proudhon Reader. 
Edited by Iain McKay. Oakland, CA: AK Press. 

Ratto, Matt. 2011. “Critical Making: Conceptual and Material Studies in Technology and 
Social Life.” The Information Society 27 (4): 252–60. 

Ratto, Matt, Sara Ann Wylie, and Kirk Jalbert. 2014. “Introduction to the Special Forum 
on Critical Making as Research Program.” The Information Society 30 (2): 85–95. 
doi:10.1080/01972243.2014.875767. Date last accessed: March 4, 2014. 

Rensselaer Center for Career & Professional Development. 2016. “Snapshot: Class of 
2025.” Accessed May 23. 
https://www.rpi.edu/dept/cdc/students/jobsearch/offers/Class%20Stats.html. Date 
last accessed: May 23, 2016. 

Schivelbusch, Wolfgang. 1986. The Railway Journey: The Industrialization of Time and 
Space in the 19th Century. Berkeley, CA: University of California Press. 

Schön, Donald A, Bishwapriya Sanyal, and William J Mitchell. 1998. High Technology 
and Low-Income Communities: Prospects for the Positive Use of Advanced 
Information Technology. Cambridge, MA: The MIT Press. 

Semugoma, Paul, Steave Nemande, and Stefan D Baral. 2012. “The Irony of 
Homophobia in Africa.” The Lancet 380 (9839): 312–14. doi:10.1016/S0140-
6736(12)60901-5. Date last accessed: May 12, 2016. 

Sengers, Phoebe, Kirsten Boehner, Shay David, and Joseph “Jofish” Kaye. 2005. 
“Reflective Design.” In Proceedings of the 4th Decennial Conference on Critical 
Computing: Between Sense and Sensibility, 49–58. CC ’05. New York, NY: 
ACM. doi:10.1145/1094562.1094569. Date last accessed: June 24, 2016. 

Shannon, Deric, Anthony J. Nocella, and John Asimakopoulos, eds. 2012. The 
Accumulation of Freedom: Writings on Anarchist Economics. Oakland, CA: AK 
Press. 

Slaughter, Sheila, and Gary Rhoades. 2009. Academic Capitalism and the New Economy: 
Markets, State, and Higher Education. Baltimore, MD: The Johns Hopkins 
University Press. 

Smith, Aaron. 2015a. “Searching for Work in the Digital Era.” Pew Research Center: 
Internet, Science & Tech. November 19. 
http://www.pewinternet.org/2015/11/19/searching-for-work-in-the-digital-era/. 
Date last accessed: May 24, 2016. 

———. 2015b. “U.S. Smartphone Use in 2015.” Pew Research Center: Internet, Science 
& Tech. April 1. http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-
2015/. Date last accessed: May 24, 2016. 

Sochor, Zenovia A. 1981. “Soviet Taylorism Revisited.” Soviet Studies 33 (2): 246–64. 
Srnicek, Nick, and Alex Williams. 2015. Inventing the Future: Folk Politics and the 

Struggle for Postcapitalism. Brooklyn, NY: Verso Books. 
Suskind, Ron. 2004. “Faith, Certainty and the Presidency of George W. Bush.” The New 

York Times, October 17. http://www.nytimes.com/2004/10/17/magazine/faith-
certainty-and-the-presidency-of-george-w-bush.html. Date last accessed: October 
13, 2015. 



 
 
 

227 

 
Tokunaga, Robert S. 2011. “Social Networking Site or Social Surveillance Site? 

Understanding the Use of Interpersonal Electronic Surveillance in Romantic 
Relationships.” Computers in Human Behavior 27 (2): 705–13. 
doi:10.1016/j.chb.2010.08.014. Date last accessed: April 27, 2013. 

Tufekci, Zeynep. 2014. “Engineering the Public: Big Data, Surveillance and 
Computational Politics.” First Monday 19 (7). doi: 10.5210/fm.v19i7.4901 . Date 
last accessed: July 15, 2014. 

Turkle, Sherry. 2011. Alone Together: Why We Expect More from Technology and Less 
from Each Other. New York, NY: Basic Books. 

———. 2012. “The Flight From Conversation.” The New York Times, April. 
http://www.nytimes.com/2012/04/22/opinion/sunday/the-flight-from-
conversation.html?pagewanted=all&_r=0. Date last accessed: January 7, 2015. 

U.S. Census Bureau. 2010. “US Census Bureau 2010 Census Interactive Population 
Map.” http://www.census.gov/2010census/popmap/. Date last accessed: July 8, 
2014. 

Vallas, Steven P, and Daniel Lee Kleinman. 2007. “Contradiction, Convergence and the 
Knowledge Economy: The Confluence of Academic and Commercial 
Biotechnology.” Socio-Economic Review 6 (2): 283–311. 
doi:10.1093/ser/mwl035. Date last accessed: September 29, 2015. 

Vara, Vauhini. 2004. “High-Speed Surpasses Dial-Up As Top Home Web Access in 
U.S.” Wall Street Journal, August 18, sec. Technology. 
http://www.wsj.com/articles/SB109277939073994046. Date last accessed: 
December 30, 2014. 

Virilio, Paul. 2006. Speed and Politics. Rev. ed. Los Angeles, CA: Semiotext(e). 
Weber, Max, H H Gerth, and C Wright Mills. 1958. From Max Weber: Essays in 

Sociology. New York, NY: Oxford University Press. 
Williams, Raymond. 2006. “Base and Superstructure in Marxist Cultural Theory.” In 

Media and Cultural Studies: Keyworks, edited by Meenakshi Gigi Durham and 
Douglas Kellner, Rev. ed, 131–43. Keyworks in Cultural Studies 2. Malden, MA: 
Blackwell. 

Winner, Langdon. 1977. Autonomous Technology: Technics-Out-of-Control As A Theme 
in Political Thought. Cambridge, MA: MIT Press. 

———. 1980. “Do Artifacts Have Politics?” Daedalus 109 (1): 121–36. 
———. 1986. The Whale and the Reactor: A Search for Limits in an Age of High 

Technology. Chicago, IL: University of Chicago Press. 
Woodhouse, Edward, David Hess, Steve Breyman, and Brian Martin. 2002. “Science 

Studies as Activism: Possibilities and Problems for Reconstructivist Agendas.” 
Social Studies of Science 32 (2): 297–319. 

Woolgar, Steve, and G. Cooper. 1999. “Do Artefacts Have Ambivalence? Moses’ 
Bridges, Winner’s Bridges and Other Urban Legends in S&TS.” Social Studies of 
Science 29 (3): 433–49. doi:10.1177/030631299029003005. Date last accessed: 
July 27, 2014. 

Wylie, Sara Ann, Kirk Jalbert, Shannon Dosemagen, and Matt Ratto. 2014. “Institutions 
for Civic Technoscience: How Critical Making Is Transforming Environmental 



 
 
 

228 

Research.” The Information Society 30 (2): 116–26. 
doi:10.1080/01972243.2014.875783. Date last accessed: March 4, 2014. 

Young, Iris Marion. 1986. “The Ideal of Community and the Politics of Difference.” 
Social Theory and Practice 12 (1): 1–26. 

 

  



 
 
 

229 

APPENDIX A: GLOSSARY OF COLLABORATORS 
List of Collaborators and their role organized by last name alphabetical order. 

Helena Afriyie-Siaw – Data Manager for the Suntreso Government Hospital Sexually 

Infectious Diseases Clinic and Primary interlocutor in Ghana. 

Jorge Appiah – Director of the Creativity Group and Professor of Social 

Entrepeneurship at KNUST 

Pastor Willie Bacote – Pastor of the Missing Link Street Ministry AME Zion Church in 

North Central Troy 

Joseph Baker – aerospace engineering student that build the first completely working 

OSCVM prototype. Travelled to Ghana in Summer 2014 

Aimee Beaudette – traveled to Ghana in Summer 2014 and worked with Gabriel Antwi 

Boakye to make a fabric cover for the vending machine. 

Audrey Bennett – Developer of the “Give AIDS the Red Card” project and collaborator 

on the SMS Condom Locator. 

Gabriel Antwi Boakye – Adinkra Stamp artist 

Sarah Bogdan – member of the Fall, 2014 PDI 5 design group that investigated 

alternative vending machine covers. 

Rebekah Brougher – a biomedical engineering student that went to Ghana in December 

2012 to investigate the viability of a Kumasi-assembled machine. 

Peter Calaitzopoulos – member of the Fall, 2014 PDI 5 design group that investigated 

alternative vending machine covers. 

Ron Eglash – Dissertation advisor, co-Primary Investigator, mentor 

Virginia Eubanks – Dissertation committee member, mentor 
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Alexia Ioannou – member of the Fall, 2014 PDI 5 design group that investigated 

alternative vending machine covers. 

John Licato – Computer science graduate student at RPI, built the SMS Condom Locator 

Fatime Milandou – electrical engineering student who traveled to Ghana in the Summer 

of 2013 to work on the feasibility of “smart” machines that would text owners when 

supplies ran low. 

Branda Miller – Co-founder and Arts and Education Coordinator for the Sanctuary for 

Independent Media 

Vanessa Miller – member of the Fall, 2014 PDI 5 design group that investigated 

alternative vending machine covers. 

Ari Munic – mechanical engineering and Design, Innovation and Society dual major that 

went to Ghana in the summer of 2013. 

Partha Panwala – first undergraduate engineer to work on the condom vending 

machine. Came up with several unique designs, one of which ended up being a progenitor 

of the OSCVM. 

Steve Pierce – Co-Founder and Executive Director of the Sanctuary for Independent 

Media 

Stephen Schiavone – member of the Fall, 2014 PDI 5 design group that investigated 

alternative vending machine covers. 

Jim Welch – Volunteer Sanctuary network administrator, Head of Rensselaer County 

Working Families Party. 
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APPENDIX B: SAMPLE FIELD NOTES AND ERRATA 
 

Field Notes: Reflections on Week 1 of Independent Study With Branda Miller 

Reflection Week 1 

I had been to the Sanctuary before. They hosted events and talks by a wide 

range of people including: James Howard Kunstler, Chris Hedges, Igor 

Vamos (aka Mike Bonanno of the Yes Men), and Susan Herman, the 

president of the New York Civil Liberties Union. The Sanctuary also 

served as a sort of de-facto meeting hall for the Capital Region's radical 

community. It hosted a panel on "The Weather Underground Meets 

Occupy" where a colleague of mine, Dan Lyles joined other local activists 

to talk about the unique obstacles of American activism. The Sanctuary 

also hosted the plenary panel for my conference on Technoscience as 

Activism. Three members from the Public Laboratories for Open 

Technology and Science (PLOTS) described their work and the future of 

citizen-led science.  

Today, however, I was interfacing with the Sanctuary in a totally different 

register. Branda and Steve the couple that run the sanctuary are having tea 

and complaining about how the printer is late with their Fall schedule 

pamphlets. The first event is only two weeks away and they have no 

material for dissemination. We meet at a giant wood table that looks like it 

belongs in a Brooklyn artist's loft. Paint splotches replace the worn-down 

varnish, and the feet of the table are made even by eclectic odds and ends. 

It has an ambient level of old papers and surge protectors that give you the 

sense that no one has seen the entire table in quite a few years.  

The Sanctuary for Independent Media is housed in an old church on an 

urban street in North Central Troy, New York. It has a small yard with old 

pine trees and flowering bushes which make it stand out next to the brick 
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row houses. The ground floor is dominated by the performance hall. 

Behind the hall is a small gallery, a bathroom, and a space to serve food 

during community potlucks and catered events. The basement is the 

backstage. There are a smattering of desks covered in paper, the big table, 

some couches with a projector hanging from the ceiling. Other items in the 

basement include, a rack of external hard drives, an Emmy, some 

mailboxes, lockers, posters and pictures from past performances, and a 

couple of white boards. There's a mixing bay, some editing stations, and a 

full kitchen.  

Throughout the day I see a wide range of people associated with nearby 

Rensselaer Polytechnic Institute and the greater Troy community. A 

management student looking at local real estate development meets with 

Steve to talk about future land purchases for the Sanctuary and associated 

groups.  Abby Lublin comes in and spends most of the day working on 

various projects including the StoryHarvest festival in October. 

StoryHarvest is a kind of deadline for me as well, Branda and Steve would 

love to have the wireless up and running for the event. Its not impossible, 

but it is an aggressive timeline. 

Reflection Week 2 

Today I actually forgot if I was supposed to be at the Sanctuary at 9 or 10. 

I split the difference and showed up at the sanctuary steps at 9:15. I wait 

for a few minutes drinking my morning coffee before Steve shows up to 

grab the New York Times that has been delivered to the front stoop. 

Today's cast is Andrew Lynn, a video production guru from the city who 

has relocated to Troy, bought a two story building a few blocks from my 

own house and has started a family. Andrew also runs Troy Bike Rescue, 

an allied organization that will eventually host one of our wireless 

networks. Today he is here to sort through the Sanctuary's back catalog of 

videos. Stuff needs editing and cataloging. Tia is back, and she gets set up 
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with the Sanctuary's email lists. She will be doing some data management 

for the sanctuary and will also help map the block for the wireless project.  

 

It is both a coincidence and a carefully planned fact that each person that 

comes into the Sanctuary also has a role to play in the community wireless 

project. It is a coincidence because there was no meeting in which these 

people were selected for their role in the project. Troy Bike Rescue is 

located on the same block as the Sanctuary because Andrew knows Steve 

and Branda and they encouraged him to relocate TBR. Now that TBR is 

here, and they have a stable internet connection, they become an obvious 

candidate to be a part of the network. Community wireless isn't explicitly 

in the mission of TBR, but it could certainly be useful.  

Andrew has brought his infant daughter, Hazel, with him this morning. 

Hazel is a remarkably well-behaved and has the demeanor of an "old 

soul." Everyone dotes over Hazel during some part of the day, and she 

responds with a few smiles before checking out for a nap. When Andrew 

first arrives with Hazel, Branda immediately springs into action and erects 

a "baby cage" using the play pen that they have stashed next to a futon. 

The series of interlocking gates is currently folded up and acting as a 

narrow end table, upon which, the Emmy sits. The Emmy, as it turns out, 

is Branda's. It is for "outstanding editing" for Perry Como's Christmas 

special from 1980. For me, the Emmy is everything that the Sanctuary is 

not: a symbol of competition in a mainstream consumer media culture. A 

meritorious award for expertly delivering the kind of a-political escapist 

media from which this building offers "sanctuary." When I ask Steve 

about some background on the Emmy he asks if I've ever seen Perry 

Como's Christmas special. I say "no" and he laughs and shrugs. I make a 

mental note to ask Branda about it when we both have time and I have a 

tape recorder handy.  
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Today we have a brief phone conversation with Andy Gunn. Andy is an 

independent media activist from Detroit that Steve has met several times 

at conferences and meetings. Before Steve puts Andy on speak phone he 

begins the conversation by saying: 

"Is now a bad time to call? I can call you when its worse! You made a 

reckless offer to tell me how your wireless project was going, and now I 

actually want to hear about it."  

This is an excellent example of Steve's constant, dry whit. It is hilarious 

and completely disarming. I imagine Andy simultaneously wanting to take 

the obvious out while also wanting to take the opportunity to share his 

work with someone he knows will appreciate the work. I cannot hear 

Andy on the other end, but I must assume he chose the latter, because soon 

Andrew, Steve, Branda, and I are speaking to Andy over the speaker 

phone at the big wooden table. 

Andy says that the routers we have chosen are "decent" but not the best 

choice for outdoor applications. He also says the bundled software for 

administrating the network lacks some necessary advanced features. He 

does not go into specifics, but Steve seems to implicitly trust Andy's 

assessment. They will "probably work" says Andy, but recommends 

another brand of radio transmitters that he is using on his own project. The 

OpenMesh system that we were planning on using would work well if 

every house on the block was running one, but is not designed for 

throwing a signal between a handful of hotspots.  

After Andy recommends a few hardware and software solutions, he also 

quickly switches to discussing intent and programming: "You might want 

to set up an initial connection to demonstrate how it works. Its easier to 

get others to participate that way." We all agree that this an excellent 

suggestion and something we had already considered. He also suggests 

"leveraging the splash page" to demonstrate the intent of the network. 
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"[You can] make it clear that the Internet is just one of many things that 

this network connection offers." Andy agrees to send us some more 

documentation, technical as well as programatic, that will be applicable to 

our project. We also agree to have a follow-up phone conversation next 

week at the same time. 

 As we wrap up the phone meeting, another person walks into the 

Sanctuary basement. When Branda sees him she throws her hands in the 

air and shouts, "Nooooorrrrrrmmmaaaaaannnn!" Branda explains to me 

(and probably Tia) that Norman is a good friend of her and Steve, who 

comes to clean the Sanctuary before every Fall series. Today, however, it 

seems as though he has arrived just to say hello. He and Branda walk into 

another room to chat while the rest of us finish up whatever we were 

doing.  

I begin to collect hardware information for later perusal. I want to figure 

out what our OpenMesh router is capable of, and what else we need to buy 

to get the first antenna up and working. 

Agenda for design meeting 10/5/2012. In attendance: Ari, Rebekah, Ron, Ed 

Introductions 

Report from Ari- What mechanisms did we find? 

Update from David- Condom prices,  

Briefing from David and Ed- what Rebekah can expect in Ghana. Who to 

talk to.  

Ron and David- How do we fund this? 

Meeting Notes 

Report from Ari- What mechanisms did we find? 
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 • Gum ball machine coin turn mechanism. Really easy to 

bypass by gluing a coin. Arcade coin mechanism. Totally mechanical 

based on diameter. Also a magnet that can detect slugs. Metal ones and 

plastic ones. 

 • Ron- simple without worrying too much about tricking the 

machine. 

 • carousel- could fit different things. 

 • if they're on a strip, they might come out like a paper towel.  

Update from David- Condom prices,  

 

Briefing from David and Ed- what Rebekah can expect in Ghana. Who to 

talk to.  

Ron and David- How do we fund this? 

Engineers without borders.  

supply chain for material 

moving finished product 

sourcing quality 

demo a prototype 

Design History File 

Michael Jensen- Engineers for a Sustainable world. 

2:15 Fridays 

Dimensions of condom packaging. 

Ari will draft email to coin mech companies. 
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Ed will reach out to engineers without boarders 

Rebekah will make DHF 

David will email notes and introduce R to Helena 


