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ABSTRACT 
 

Science and Technology Studies (STS) and Constructionist Learning Theory (CLT) have 

been theoretical trading partners since the 1990s. CLT was developed and proposed by 

drawing on early laboratory studies and feminist STS. These studies were said to have 

shown support for the importance of concrete thinking—a key concept of CLT—in 

scientific knowledge production and, therefore, in science education. Since then, CLT has 

become a dominant educational paradigm of technology design and development for 

classroom approaches to computer science and the maker movement. In the late 2000s 

and 2010s CLT began to lend support for what might be called the “making and doing” 

turn in STS. However, this loop between STS and CLT is rarely acknowledged, missing 

opportunities for STS to more directly contribute to educational research and practice. 

This dissertation aims to fill in this gap by asking: what education research opportunities 

open up in STS once the loop between STS and CLT is acknowledged? I introduce three 

ways to approach STS educational research by continuing the loop. First, I turn 

laboratory studies back onto the implementation of CLT inspired educational 

technologies by probing different ways that schools and classrooms have been 

metaphorically characterized as laboratories. This chapter aims to make a contribution to 

literature on the laboratorization of society. Second, I critique the way that the STS 

concept of trading zones has been taken up in computer science education research. 

While there is a push toward creating creole trading zones in this research, I return to 

literature on the topic to show the equal importance of pidgin trading zones and argue for 

a polyglot of trading zones in computer science education research. Third, I argue that 

culturally responsive CLT inspired technologies can be designed and implemented in 
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ways that support better classroom experiences for students of color, as well as build 

school-community connections. I use this argument to propose culturally responsive 

computing as a brokerage strategy. I end the dissertation by laying out three tenets for 

STEM (science, technology, engineering, and mathematics) Studies: 1) Schools as 

profound sites of intervention in STEM fields; 2) There are strands of STS that have 

particular significance for the challenges of empowering STEM education; 3) STEM 

expertise is embodied. These three tenets open up an agenda where STS makes STEM 

education a central topic of research and practice.
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CHAPTER 1  
 

Introduction: Acknowledging the Loop  
Between STS and Constructionist-Learning Theory  

 
1.1 Introduction  
 
STS scholars have forgotten their field’s significant contributions to PK-12 education and 

the predominant theoretical framework for 21st century computing, instructional 

technology, and STEM (science, technology, engineering, and mathematics) education: 

constructionist-learning theory (Papert 1993).   

 This is the exact point I attempted to articulate to the intergenerational STS 

audience at Cornell University during the fall of 2016. To celebrate the 40th anniversary 

of the first 4S meeting, the STS department at Cornell hosted a conference, Where Has 

STS Traveled?, to reflect on the past, present and future of our field. Across two days we 

heard from founding scholars who offered nostalgia and warnings to younger 

generations—including Karin Knorr Cetina, Sheila Jasanoff, Steve Woolgar, and 

others—and new scholars who took up the label of STS but were critical of the path it has 

traveled—Michael Mascarenhas revealed the field to be a white space, aided by white 

privilege. The last event of the celebration was a graduate student panel made up of nine 

PhD students or candidates from Cornell, MIT, RPI, and York. Having been fortunate 

enough to have my abstract selected for this panel, I, like my panelist peers, was given 

five minutes to answer the question, “where do I see STS headed?” Being an opportunist, 

I revised this question to: “given my dissertation research, where would I like STS to 

go?” Of course I kept this new question to myself, using the answer to address the 

original question that we had been assigned.  
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 To an audience of STS “big-wigs” that included Bruno Latour, Abby Kinchy, 

Edward Hackett, Susan Cozzens, and others, I tried to show that despite the fact that an 

origin point of STS can be traced back to education reform efforts in Britain and the US 

(Yager ed.1996) and the Next Generation Science Standards in the US explicitly call for 

greater attention to STS issues in middle school curriculum, there has been a general lack 

of descriptive and normative scholarship on primary and secondary schooling in the field. 

An advanced search in Science, Technology, and Human Values for “K-12” (in 

parenthesis) “anywhere” reveals only two articles, with nothing appearing in the last ten 

years. U.S. educational historians may not find this fact surprising; STS is like many 

other areas in the social sciences that marginalize PK-12 research (Lagemann 2000). Yet, 

this is actually a misrepresentation of the relationship between STS and education. Many 

STS scholars might be surprised to learn that STS has already made significant 

contributions to PK-12 research and practice, specifically its role in maintaining and 

employing constructionist-learning theory (CLT), developed by Seymour Papert, Cynthia 

Solomon, Mitchel Resnick, and other educational technologists in and around the MIT 

Media Lab.  

 Figure 1 represents an unacknowledged loop between STS and CLT. CLT not 

only underpins mainstream PK-12 computer science education (Kafai and Burke 2014), 

the Maker Movement in education (Martinez and Stager 2013), and “making and doing” 

at the Society for the Social Studies of Science (Downey and Zuiderent-Jerak 2016), but 

also lends theoretical support to current research programs in STS. Individual projects 

use visualizations and/or construction-kits to bridge the abstract and concrete in social 

theory (Ratto 2011), STEM education (Eglash et al. 2006; Bennett et al. 2015; Lachney et 
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al. 2016b; Eglash et al. 2017), and experimental and interdisciplinary ethnographic 

collaboration (Fortun and Fortun 2010; Poirier et al. 2014; Poirier forthcoming). This is 

innovative work but what STS scholars often miss is that when faced with the empirical 

studies in the 1980s and 90s that the constructionist framework—materialized in the 

LOGO programming language—failed to live up to its revolutionary claims to transform 

education into a new student-led paradigm, Papert used STS to maintain and justify CLT. 

He drew on the work of Bruno Latour, Steve Woolgar, Evelyn Fox Keller, and 

collaborated with Sherry Turkle. 

 

Figure 1.1. The unacknowledged loop between CLT and STS 

 
 This dissertation seeks to acknowledge a loop where STS both helped to create 

CLT and now scholars use CLT to support the development of STS. When re-thinking 

how to take up STS to innovate CLT and vise-versa, I make an effort to move beyond 

scholarship from the 1970s-1990s that Papert drew upon; literature that challenges the 

centralized authority of science in relationship to the Cold War and capitalism. Indeed, 

Fuller’s (2007) defense of teaching intelligent design in public schools as a rebuttal 

witness in the Kitzmiller v. Dover Area School District trial should call into question the 
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political commitments of some STS scholarship and whose politics its theorizing and 

research supports. To account for the politics of my own knowledge production, when I 

innovate STS with CLT, I take care to make sure critiques do not reduce pluralism to 

subjectivity. While doing this I also take care when I innovate CLT with STS to not draw 

dichotomies between objectivity and epistemological pluralism. Building on the anti-

relativist and post-positivist work of Eglash (2011), I aim to stay within a framework of 

objectivity (or objectivities) but circumvent the assumption that there can be a singular, 

right answer.  

 To do this, I call on STS scholars to do something they have been professing as 

central to the field for years: be reflexive. Reflexivity in this dissertation appears 

recursively between the methods and concepts of STS and the theories and practices of 

CLT. But this loop has been largely ignored as an asset for research building in STS 

despite the obvious relationship. I ask: what education research opportunities open up in 

STS once this loop is acknowledged? I answer this question in three chapters that make 

up the body of my dissertation. To prepare readers for these articles, this introductory 

chapter begins with background and literature review sections on the relationships 

between STS and CLT. It also includes my research questions and explanation of the 

qualitative methods used. I end with an outline of the three body chapters to show three 

possible directions for “where STS is heading” in relationship to STEM education 

research.  

1.2 Background  
 
CLT is closely tied to the economic and political goals to improve math and science 

education (Papert 1980; Abelson and diSessa 1981; Resnick 1997). The construction 
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genre of technology is largely supported by the celebratory intervention of computers in 

teaching and learning (Papert 1993; Martinez and Stager 2013). Yet, since Papert first 

published Mindstorms in 1980, constructionist technologies and their theoretical 

foundations have also received continuous criticism by educationalists, technologists, 

social scientists, and philosophers. By the 1990s LOGO had found its way into computer 

classrooms across the globe including countries such as Brazil, Russia, Costa Rica, and 

others. Despite such wide global reach, some argue that LOGO failed to live up to its 

educational expectations to change schools for the better. However, these expectations 

were never clear-cut since the purposes and goals of LOGO always lacked uniformity. 

The question of whether the “spirit” of LOGO can be preserved when used as part of 

“regular” math and science curricula has been an ongoing topic of debate within the 

constructionist education and research communities (Hoyles and Noss 1987; Lemesise 

1990).   

 To understand these criticisms I begin in the 1950s and 1960s with the 

developmental psychologist Jean Piaget and the associated learning-theory 

constructivism. At that time in the U.S., Piaget’s developmental stage theory (Piaget and 

Inhelder 1969) was the foundation for much of the research on teaching and learning in 

mathematics and sciences (Deboer 1991). Some argue that this was due to its 

compatibility with post-Sputnik anxieties about the future of national and economic 

security (Gilligan 1987). In the traditional account of Piagetian child development, 

children linearly move through four cognitive stages towards scientific thinking (Fosnot 

1996). From birth to age two, children are in the sensorimotor stage where they learn 

through immediate senses and object manipulation. From age two to seven children are in 
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a preoperational stage where they begin to use symbols and objects in make-believe and 

play. During the concrete operational stage from seven to eleven children begin to form 

logical thinking through object manipulation. And, at the formal operational stage 

children can use symbols to represent abstract concepts, which affords scientific thinking. 

 As part of his doctoral work from 1959-1964, mathematician Papert worked under 

Piaget, mostly in the International Centre of Genetic Epistemology at the University of 

Geneva. As a member of the Bolt, Beranek, and Newman company research team and 

later MIT Professor, Papert used Piagetian theory as the foundation for one of the earliest 

and most discussed constructionist technologies, LOGO. In the 60s Papert told MIT 

Media Lab director Nicholas Negroponte that he “wished” there was a country called 

Mathland, or what he would later call microworlds, that children could be immersed in to 

learn math (Brand 1988). The LOGO programming environment was based on this desire 

for immersion. Epistemologically, LOGO was designed with the idea that formal or 

scientific thinking was not separate from concrete thinking (Papert 1980). When using 

transitional objects either on computer screens or as robots in the classroom called turtles, 

concepts once thought only accessible for children at the formal stage, such as recursion, 

was said to be understandable by children in the concrete stage. The desire for immersive 

learning based on physical manipulatives was a direct challenge to the “skill and drill” 

educational technologies of the time. Unlike previous theories of computers in education 

where computers act as teachers, LOGO was designed for the student to become a tutor 

and the computer as the tutee (Taylor 1980).  

 Whereas Piaget sought to understand the “true nature” of children’s psychic 

world, Papert sought epistemological intervention to push the limits of children’s 
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knowledge. The role of programming with the LOGO language was to develop skills that 

were transferable to other cognitive tasks. Empirical studies provided both positive 

(Clements 1990) and negative (Littlefield et al. 1989) results. A review of the LOGO 

research in the late 80s suggests that transfer is most possible in highly structured 

environments with adequate time to acquire technical skills (Salomon and Perkins 1987). 

This was counter to the open-ended design philosophy Papert intended.  

 Not long after the publication of Mindstorms, critics began to question the 

legitimacy of Papert’s reformation to Piaget. Some argued that the LOGO environment 

was perceptually impoverished; while LOGO may simulate plant growth or birds in 

flight, these simulations were highly decontextualized from the referents’ ecosystem and 

reinforced through instrumental reasoning (Davey 1984). Others found Papert’s 

bypassing or conflation of operative stages as proposing “violence” to important stages of 

“natural” cognitive development (Zajonc 1984). There were also concerns that Papert’s 

push to move the use of computers beyond drill and practice activities confused how 

children learn. While Papert argued that children learn by bringing the concrete to the 

abstract, Dreyfus and Dreyfus (1984) suggest that with knowledge building and skill 

acquisition it might be the opposite: “from abstract rules to particular cases” (1984, 44). 

Papert (1987) dismissed many non-celebratory empirical and theoretical claims about 

LOGO as results from incorrectly implementing the technology.  

 In 1993 Papert published his first popular press book that used the term 

“constructionist learning theory.” By this time LOGO and the theoretical foundation that 

supported it were viewed skeptically given the empirical data that it was not going to 

revolutionize education at individual or institutional levels. As a way to justify the 
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constructionist framework in the face of this empirical reality Papert looked to STS, and 

specifically scholars such as Bruno Latour and Evelyn Fox Keller and others to argue that 

concrete ways of knowing are important to scientific knowledge production and to 

operationalize his reformation to Piaget as constructionist learning theory. Building on 

constructivism, constructionism suggests that children build their own knowledge 

structures best when engaged in building artifacts, preferably in public spaces. STS 

scholarship offered Papert a way to frame the importance of concrete ways of knowing in 

scientific knowledge production, and therefore helped him build a constructionist theory 

of science and math learning. Papert argued that if concrete and abstract thinking appears 

to be blurred in scientific activities as Latour and Woolgar (1986) showed in Laboratory 

Life and Keller (1983) showed in A Feeling for the Organism, so they should be blurred 

in science education via LOGO and other educational programming languages. STS 

helped Papart maintain the Pigetian trajectory of human development that always moves 

toward and ends with scientific thinking while also broadening the types of activities one 

could label as science.  

 In the paper “Epistemological Pluralism and the Revaluation of the Concrete,” 

Turkle and Papert draw STS scholarship together with constructionist themes to posit 

“epistemological challenges to the hegemony of the abstract, formal, and logical as the 

privileged canon in scientific thought” (1991, 161). They used the work of Haraway 

(1979), Harding and Hintikka (1983), Keller (1983), and Gilligan (1982) to confront the 

power and elitism that go along with the frame of “objectivity” as masculine. Since 

science and math are dominantly understood to necessitate distance and impersonal ways 

of interacting with the material world, schools reproduce these narrow epistemologies in 



 9 

teaching and learning. In contrast, if objectivity can be understood as a gendered 

construct and there is a concern with increasing gender diversity in math and science 

fields then alternative feminine forms of knowledge and objectivity become important for 

cultivating epistemological pluralism in education. Keller’s (1983) study of Barbara 

McClintock is used to show how close, concrete, and intimately embodied relationships 

with scientific objects of study can result in Nobel prize-winning genetic research. Unlike 

the Piagetian assumption that the abstract and the formal is the foundation for scientific 

thinking, Turkle and Papert argue that concrete and intimate ways of knowledge building 

in both education and science are just as legitimate.  

 Drawing on early ethnographies of science by Latour and Woolgar (1986), 

Traweek (1989), and Knorr-Cetina (1981), Turkle and Papert further expand upon the 

importance of concrete thinking for the work of professional scientists in more 

traditional, laboratory settings. While Keller’s work stresses the importance of accepting 

concrete and formal ways of knowing to pluralize paths toward objectivity, Turkle and 

Papert use these ethnographies of science to claim that concrete thinking is a normal part 

of scientific practice in general. They use this claim in their challenge that is aimed at 

computer scientists and users. While in both popular and professional discourses the 

computer is marked as the “ultimate embodiment of the abstract and formal,” through 

interventions with LOGO and other constructionist technologies they argue that the 

computer can become an ally in the “revaluation of the concrete” (Turkle and Papert 

1991, 162). Like traditional notions of objectivity, the social construction of computation 

takes on masculine forms, but this is challenged through case studies of computer users 

who act more like bricoleurs than traditional conceptions of programmers.  
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1.3 Literature Review 
  
The background of CLT shows two clear points where STS influenced the development 

of CLT: 1) Legitimatizing concrete ways of knowing and doing as important to scientific 

knowledge production and therefore science education; and 2) Challenging homogenous 

ways of thinking and knowing in science and science education. Since Papert and Turkle 

first used STS to legitimize CLT, these two points of intervention have looped back 

around to be used by STS-ers in three distinct ways. First, CLT has been a way to critique 

existing modes in knowledge production and provides design logics for alternative modes 

using the concept of “epistemological pluralism” (Faulkner 2010; Poirier Forthcoming). 

Second, CLT has been used as a pedagogic strategy for making abstract social theory 

concepts in STS concrete through a blending of making and reflection activities, 

otherwise known as “critical making” (Ratto 2011). Third, CLT has been used as a design 

and implementation strategy for culturally responsive educational technologies that aim 

to broaden participation in STEM fields using a bottom-up “generative justice” approach 

(Eglash and Garvey 2014). Below I will briefly review the literature of these three uses of 

CLT by STS scholars so that I can open up questions about what acknowledging the loop 

between CLT and STS offers for educational research.  

1.3.1 Epistemological Pluralism 
 
The concept of epistemological pluralism emerges out of acknowledging differences in 

learning between genders. It builds on the work of feminist psychologist Gilligan (1982) 

who offers a critique of Lawrence Kohlberg’s theory of moral development. Gilligan 

claims that Kohlberg’s theory assumes a masculine baseline and, therefore, does not 

provide an adequate theory of female moral development. Turkle and Papert (1991) build 
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on Gilligan’s argument by identifying “hard” (or masculine) and “soft” (or feminine) 

ways of knowing in computer science education. Through classroom case studies Turkle 

and Papert find that hard ways of knowing that invoke linear and abstract forms of 

problem solving are largely adopted by men, while women appeared to adopt a more 

“bricoleur” approach that emphasize relational interactions and concrete problem solving 

with the materials and knowledge at hand. They argue that both ways work for problem 

solving and while hard ways of knowing often have institutional dominance both should 

be valued. Epistemological pluralism is at one time descriptive of how different people 

work and at the same time normative in that it is a framework for building diversity in 

knowledge production and education.      

 STS scholar Faulkner (2000) employs the concept to ask some underlying 

questions about the masculine cultures of engineering. Adapting Turkle and Papert’s 

claim that “the computer supports epistemological pluralism, but the computer culture 

does not” (1990, 132) to an engineering context, Faulkner asks if engineering can support 

different epistemological styles? If so, what fundamental changes to technology design 

might broader gender participation in engineering bring about? As intended, the article 

raises more questions than it answers but provides a clear non-neutral avenue for 

engaging gender differences in STEM fields.  

 STS and big data scholar Poirier (Forthcoming) also uses epistemological 

pluralism to account for differences, not only in terms of identity and technology design 

but also more broadly as cultural and disciplinary identities relate to knowledge 

production itself. Poirier uses the concept as an underlying “design logic” for digital 

infrastructure that supports the Platform for Experimental and Collaborative Ethnography 
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(PECE). Based on The Asthma Files project of Fortun and Fortun (2010), PECE is a 

digital platform that aims to support pluralistic knowledge production and 

interdisciplinary collaboration across geographically distant sites using a series of  

“design logics,” including “explanatory pluralism”: “aiming for multiple articulations and 

perspectives to form around a single piece of data” (Poirier forthcoming, 14). Building on 

epistemological pluralism, the idea with “explanatory pluralism” is that if there are 

multiple ways of knowing there must be multiple ways of explaining data based on 

disciplinary identity and socio-cultural geographical location. As part of its design, PECE 

aims to foster epistemological pluralism through an infrastructure that encourages both 

collaboration and multiple interpretations of data.   

1.3.2 Critical Making  
 
Since 2015, 4S meetings have started to include opportunities to submit a whole new 

genre of scholarship called “Making and Doing” (Downey and Zuiderent-Jerak 2016). 

The concept of critical making helped to popularize these new forms of STS engagement 

with the material world. Critical making places social issues and design methods at the 

center of material engagement through breaking down the designer/end-user dichotomy. 

Ratto (2011) proposes critical making not so much as a design process that can be 

employed in professional settings, but instead one suited for pedagogies that aim to 

explore socio-technical issues. Critical making draws on the limitations and affordances 

of available materials and artifacts for deepening conceptual understandings of social 

theory and political issues. Critical making uses objects to scaffold toward affective 

conceptual engagement. The goal is to connect the lived experiences of building artifacts 

to critical thinking. 
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 To explain the pedagogical intentions of critical making Ratto uses Papert’s 

(1993) theory of “constructionism” to theorize how material practices and social concepts 

can mutually reinforce each other. In this sense, Ratto extends Papert’s work from a focus 

on STEM disciplines to that of social theory and critical scholarship. It is not surprising 

that Ratto draws on constructionism to build a bridge between social theory and the 

maker movement. It has been argued that Papert is the “father of the maker movement” 

(Martinez and Stager 2013).  

 Ratto uses three specific aspects of constructionism to describe the pedagogic 

design of critical making. First, constructionism makes explicit connections between 

emotions and learning. For students to grasp new knowledge they must have some type 

of emotional investment in the content, peer group, or learning environment. Second, 

Papert (1980) used the concept of “transitional objects” (in his case the LOGO turtle) to 

realize abstract concepts, such as recursion, in concrete forms. Knowledge is materialized 

in critical making when students and learners draw on the movement of bodies and 

objects in acts of building and design to make sense of complex ideas. Third, learning 

through trial and error or “messing around” (Ito et al. 2010) with computers acts as a 

demystification process for modern day technologies. This results in learners’ ease and 

comfort with building, making, and reconfiguring. All these come together in critical 

making as pedagogy for helping learners better grasp social theory and STS concepts.  

1.3.3 Generative Justice  
 
STS educators and researchers working toward “generative justice” have also taken up 

CLT. Generative justice describes any form of unalienated bottom-up value generation, 

including those of peer and do-it-yourself production, the maker movement, urban 
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gardening and more. Generative justice has some similarities to economist Wolff’s 

(2012) notion of “workplace democracy”—the production and distribution of surplus 

value by those creating that value—but with a greater emphasis on the generative 

qualities of humans and nonhumans in craft production and gift exchange. According to 

Eglash (2016) generative justice is,  

The universal right to generate unalienated value and directly participate in its 
benefits; the rights of value generators to create their own conditions of 
production; and the rights of communities of value generation to nurture self-
sustaining paths for its circulation. 
 

The most significant overlap between CLT and generative justice in STS has been the 

design and implementation of “Culturally Situated Design Tools” (CSDTs): a collection 

of constructionist technologies for teaching and learning mathematics and computer 

science using indigenous designs and heritage algorithms (Eglash et al. 2006; Bennett et 

al. 2016). CSDTs are designed to be part of initiatives to increase access to STEM 

programs in communities of color and interrogate the problems of STEM itself that lead 

to underrepresentation (Eglash et al. 2017).  

 On the one hand CSDTs are open-ended design tools in the sense of Papert’s 

LOGO or other “sandbox” technologies that fit into what Ito (2009) calls the 

“construction genre” of educational technology, which includes LEGO MINDSTORMS, 

Scratch, Alice and more. These technologies are all designed with some values that are 

similar to generative justice: they stress bottom-up learning styles based on students’ 

interests. However, a visit to the Scratch community site—probably the most popular 

technology of the construction genre—reveals significant limitations. Lachney et al. 

(2016) make the case that Scratch has essentially been “colonized” by commoditized 

content. Richards and Kafai (2016) support this claim when they note the lack of cultural 
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heritage material on the Scratch community site, “a simple search of the Scratch archive 

for the popular video game ‘Doom’ will find hundreds, if not thousands of different 

programs created and posted by Scratch members while a search for American Indian 

content will result only in a handful of projects…” (1475). Content agnostic tools like 

Scratch, which are supposed to be universal and value free, actually have a “basin of 

attraction” (Eglash and Garvey 2014) toward commercial content in youth culture.  

 On the other hand, CSDTs embody culturally specific “ways of knowing” such as 

heritage algorithms. To challenge the basin of attraction toward commercial content that 

we see in Scratch, CSDTs seek to be content aware by drawing on research in 

ethnomathematics that locates mathematical and computational thinking already 

embedded in students’ communities in the form of vernacular—graffiti, break dancing, 

etc.—or indigenous—Navajo rug weaving, Ghanaian Adinkra stamping, etc.—design 

(Eglash et al. 2006). This is where “culturally situated” comes in.  

 A typical student learning transformational geometry in Scratch will begin by 

either translating, dilating, rotating, and reflecting the Scratch-cat—the software icon that 

appears when the program is opened—or importing a new object from the Scratch library 

of hegemonically generic images (a cartoon ball, house, etc.) This content agnostic 

software has no inherent connection to students’ real world identities in terms of heritage, 

local community, etc. In contrast, content aware design seeks to create culturally situated 

technologies that use the cultural capital of low-income and minority communities at 

each stage of the design process and into implementation. For example the CSDT 

Cornrow Curves has hairstylists, researchers, and software developers. While the ultimate 

goal is to help students learn transformational geometry through simulating a variety of 
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cornrow braids and hairstyles, these brokered relationships also have significant political 

and social implications.  

 Hess (2016) describes CSDTs as an example of “design from below”: “awareness 

of the different perspectives that are associated with structural inequality can lead to 

innovations that provide new approaches to everyday products and built environments” 

(86). Lachney (2016) argues that Cornrow Curves and other CSDTs not only provide a 

foundation for challenging the structural inequalities of curriculum but also helps foster 

school-community connections. For example, Lyles et al. (2016) show how Cornrow 

Curves fostered collaboration between a hairstylist and a technology teacher to create a 

“generative context” that embodied the potential of generative justice. This happened 

when Cornrow Curves helped bring cultural innovations to bear on a technology 

classroom while also connecting that education to a hair salon. The result is that CSDTs 

are at one time open-ended and bottom-up design tools—hallmarks of the construction 

genre—while also providing clear avenues for the value students generate from STEM to 

be returned or maintained within the local community—hallmarks of generative justice. 

Haraway (2016) explains, “The point of such an approach is not mixing Indigenous and 

Western knowledge practices and stirring, but rather exploring the fraught possibility of 

generative contact zones without denying the long histories of violence” (202). Indeed, 

Bennett (2016) has shown how the “heritage algorithms” of CSDTs can create contact 

zones that encourage artistic expression in ways that decolonize STEM education.  

1.4 Research Questions  
 
The background and literature review sections show a clear loop where STS helped to 

create CLT and now STS scholars are using CLT to build their own research programs. 
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Each of the programs above investigates learning, whether that is learning social theory 

or mathematics through material design or learning to collaborate across disciplinary 

boundaries. Yet, largely absent from the STS literature that uses CLT is a turn of STS 

back on CLT. Now that we have acknowledged the loop, how can STS be used to better 

understand CLT and the technologies it supports?  Essentially, how do we continue the 

looping effect?   

 Generative justice literature on CSDTs has been the closest to the continuation of 

this loop. The study of culture-based constructionist technologies has shown how STS 

scholars can influence design and implementation. But largely missing from this 

literature is an examination of institutional contexts of where CSDTs are implemented. 

Quasi-experimental results suggest that in certain cultural contexts CSDTs can improve 

students’ academic achievement (Eglash et al. 2011; Babbitt et al. 2015) but these are 

closer to controlled studies, than ethnographic observations of everyday classroom 

practice. To push STS to continue the loop of theory and practice with CLT my 

dissertation asks: Once this loop is acknowledged, how can STS help educationalists and 

technologists better understand how CLT is currently situated in U.S. education and what 

must be done to it for Papert’s vision of constructionist technologies as empowering to be 

actualized? This question is broken up into three sub-questions:  

 1) What are the gaps between educational empowerment and STEM? Is it 
 really the case that only skill and drill is going on? And is discovery learning 
 the real alternative? Progressive educators have long championed the role that
 discovery based learning can play in improving classroom practice and resisting
 skill and drill or, as my Ghanaian friends say, chew and pour, models of 
 classroom practice that treat students as empty containers for teachers to deposit 
 knowledge in, what Freire (2000) calls the “banking” model of education. 
 However, in the age of high-stakes testing and the Common Core State Standards 
 the lines between these two seemingly opposing types of classroom practice seem 
 to be blurred. Indeed, discovery learning with technology is already place in
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 classrooms across the country.  The question becomes, is it really a sufficient
 alternative to skill and drill? In chapter 2, I show that it is not.  
 
 2) Given that the presence of discovery learning is not sufficient, what can 
 we do to foster deep generativity in the classroom? Educational technologies 
 do not and cannot exist in isolation of the social and cultural elements of schools 
 and classrooms. Furthermore, educational technologies on their own do not result 
 in generative teaching and learning, despite Papert’s desires. To answer this 
 question in chapter 3 I explore how educational technologies can foster “trading 
 zones” between culture-based professions and classrooms. I argue for a polyglot 
 of trading zones—pidgins, creoles, and other hybrids—that can create rich bridges
 and connections between schools and communities.  
  
 3) What happens when you do implement a deep generative technology in an 
 educational setting? Building school-community connections is shown to be a
 way to form deep generativity in educational settings. In chapter 4, I show how
 educational technologies can be designed to foster these types of connections in
 ways that improve classroom learning but also build the conditions for education
 based social movement building for increasing economic access in low-income 
 neighborhoods and communities of color.  
 
Before describing where these questions are answered in my dissertation chapters, I will 

review the qualitative research methods and analysis that I employed in carrying out my 

research.  

1.5 Research Methodology  

Between 2013-2016, two professional development (PD) networks at RPI largely 

influenced my access to schools and classrooms. As a member of the 3Helix research 

team led by Ron Eglash and Audrey Bennett, I participated in PD where RPI graduate 

student researchers collaborated with middle and high school teachers to learn culturally 

responsive educational technologies and plan classroom implementation for upcoming 

years. I also helped Kelly Grindstaff at the Center For Initiatives in Pre-College 

Education facilitate media literacy PD with elementary and middle school teachers. From 

these networks, I formed relationships with teachers who worked at a range of schools 

with different socio-economic statuses and demographic diversity.  
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 Some of these teachers worked in schools similar to those that I attended growing 

up in a middle and upper middle class community. They are predominantly white with 

the minority of students on free or reduced price lunch. These schools are technologically 

resourced and there is an expectation that most parents are involved with students’ 

learning at home. I find that technologists tend to prefer working in these schools because 

they provide the infrastructure for higher-tech implementation and classroom 

environments that fit in line with white middle class values and norms. However, if 

educational technology is to be additive to the schools were the research takes place—

actually aiming to collect data, support the teachers’ goals, and enrich students’ 

experiences—then this pervasive preference is by no means justified or ethically correct. 

Furthermore, this preference reproduces power relationships that view schools outside of 

the white middle class norm through a deficit lens where the classroom environment is a 

barrier to research as opposed to an asset.  

 The majority of teachers/informants who participated in my research worked in 

schools that were very different than those that I attended as a public school student. 

These schools serve communities of color and have a majority of students on free or 

reduced price lunches. These schools have less up to date technologies and adults who 

work there often assume less parent involvement in learning at home. But this is often a 

mischaracterization of informal learning in these communities. Indeed, Delpit (2012) 

found that African American children often come to early childhood classrooms with 

skills deemed advanced for white students, even though such skills are not identified as 

advanced until later on in students’ education. Still, technologists tend to view these 

schools as less favorable for their work because they are perceived as having inadequate 
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technological infrastructure and classroom environments that are not based on white 

middle class norms and values. What they do not understand is that these communities 

already possess assets that have direct connections to school content that can be built 

upon. Much of this misunderstanding comes from uncritical uses of terms like 

“underrepresentation.”  

 Often times students of color are labeled as “underrepresented”; a term that points 

to the inequitable conditions of societal institutions and functions as a “proxy” for groups 

who are racially marginalized (Patel 2016, 90-91). Underrepresentation is a prominent 

issue in STEM fields, so it takes on a particular relevance for my dissertation. But, as 

Patel (2016) points out, just increasing representation in stabilized structures and 

institutions does little to dismantle their foundations of white supremacy and 

colonization. Therefore, I take a “generative” approach to the goal of increasing 

representation that challenges the issues of STEM that produce underrepresentation in the 

first place (Eglash et al. 2017). This approach seeks to broaden participation not only by 

increasing access to STEM programming in communities of color but actually changing 

the meaning of STEM itself to represent the social justice goals and interests of those 

communities, not the common associations of militarism and national competitiveness. 

This means both diversifying the inputs of STEM as well as the outputs. Unlike, say, the 

FIRST LEGO League that superimposes a hegemonic vision of STEM education on all 

communities from the top-down, this dissertation builds on the work of Eglash (1999) to 

engage with generative communities from the bottom-up, in ways that are based on anti-

racist and anti-colonial epistemologies.  
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 My choice to work in a range of socio-economic status and racially diverse 

schools emerged from a desire to study how the same constructionist technologies are 

implemented in different contexts. The infrastructure of schools is uneven and, therefore, 

the ways that the technologies are implemented becomes dependent on that infrastructure. 

Collecting and comparing data on the implementation of constructionist technologies 

with the knowledge of schools’ varying socio-economic statuses uncovers power 

dynamics that would otherwise be invisible. The comparative unevenness of 

infrastructure helps me to explore not only assumptions about schools that are built into 

constructionist technology design and implementation, but also how these technologies 

are subverted and appropriated to fit specific classrooms and curricular goals. This 

reveals the agency of teachers and students, while also the limitations and affordances of 

the technology in context of a given school infrastructure. To gain these insights I draw 

on a range of ethnographic methodologies.  

 My dissertation brings together three methodological domains of ethnography: 

educational ethnography, STS ethnography, and design ethnography. What each 

approach has in common is that the researcher is the research instrument. This means that 

data are selected, collected, and organized primarily through the observer. But what am I, 

exactly, as a research instrument? In other words, whose voice is speaking this act of 

knowledge production that is my dissertation? To unpack this question, I will need to 

explore my position as a white male researcher from a middle class background who has 

worked as an educational researcher and/or outreach coordinator in communities of color 

for the last seven years.  
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 Anti-racist scholar and author Wise (2011) makes clear, “As the dominant group 

in the United States, whites too often have the luxury of remaining behind a veil of 

ignorance for years, while people of color begin noticing the different ways in which they 

are viewed and treated early on” (27). This certainly reflects my experience of slowly 

coming to understand the historical and social circumstances that create the illusion that 

my racial identity is no identity at all. Recognizing my whiteness in relationship to the 

communities of color I work with has been a struggle to check my privilege and develop 

an awareness of difference that actively works against colorblindness.  

 I am fortunate enough to have grown up in a household that valued racial 

differences and had mentors at DePaul University and RPI who have taught me how to be 

a white ally to communities of color. My mother, Joanne Lucas, spent a large part of her 

life as a PK teacher in African American communities across Michigan. She continues to 

support these communities as a volunteer consultant, even as PK teachers face 

deprofessionalization. She taught me early on that acknowledging my whiteness was a 

way to form relationships. A story that stands out occurred during her parent-teacher 

conferences one year. A parent showed up with a baby who began to cry and turn away at 

the sight of my mother. Given the segregated state of the city this baby had not been in 

such close proximity to a white person before that moment and the crying embarrassed 

the parent. To assure the parent that there was no need for embarrassment my mother 

jokingly said something like, “He must have not seen a white woman with such a long 

pointy nose before.” The two adults laughed and continued on with the conference. I 

learned a lot from this story in my early years. Most importantly, it revealed an 

alternative narrative than the one I had been taught. In my predominantly white school I 
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learned that there had been a linear path of progress toward racial equity in the U.S. and, 

with desegregation, the structural barriers to full participation of African Americans in 

society was fulfilled. While it should have appeared obvious in a white school that this 

was not the case—recall the privilege of slowly learning about one’s racial identity—it 

was not until I was faced with the structural differences of racial segregation between 

communities only miles apart that the mainstream narrative of civil rights began to break 

down.  

 Recalling the lessons my mother had taught me about white privilege and the 

value of difference, I spent my early twenties as an after school media literacy educator in 

Chicago Public schools, working for Nichole Pinkard and Tene Gray at the Digital Youth 

Network out of DePaul University. Pinkard and Gray continue to be committed to 

providing high-tech, media production and graphic design opportunities in Chicago 

African American and Latino/a communities. As part of their professional development 

workshops, I learned how to make explicit my position as a white male who has little 

knowledge of what it is like living in low-income, inner-city neighborhoods with gang 

and police violence. Reflecting on my own position, they taught me to prompt 

discussions with middle and high school students about racial and gender inequity. These 

discussions helped students produce multi-media projects with content relevant to their 

own lived experiences and interests.   

 Building on everything I learned during my time in Chicago Public Schools, I 

continued to explore racial differences in the context of education research at RPI. During 

my graduate student career, Audrey Bennett, Ron Eglash, and Michael Mascarenhas 

helped me to take the pedagogic lessons I learned from working with communities of 
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color as an educator and translate them into anti-racist and culturally responsive 

ethnographic research design. These mentors encouraged me to reflect on my privilege 

and act as a white ally in the field by making explicit my partisan positions and 

commitments to racial justice as a starting point for research. They allowed me to shadow 

them in the field—from Kumasi to New York City to Flint—and learn from their 

example how to make ethnical judgments during data collection and analysis that are 

sensitive and responsive to the people I am working with as an ethnographer. It is through 

these experiences that I attempt to interpret data and make sense of our socio-technical 

world.  

1.5.1 Ethnographic Methodologies  

 Ethnography proves valuable for continuing the loop between STS and CLT and 

answering the questions above because it allows for real time data gathering about 

alternative perspectives and practices to the mainstream discourses of constructionist 

technology. Documenting and analyzing these alternative perspectives offers a point of 

intervention for opening up new research areas, in this case STS educational research. 

Below I will outline the methodological advantages of the three ethnographic domains, 

explain what parts I borrowed for my dissertation research, and synthesize them as a 

methodology for STS education research.  

 Educational ethnography is defined as “research on and in education institutions 

based on participant observation and/or permanent recordings of everyday life in 

naturally occurring settings” (Delamont and Atkinson 1995, 15).  Unlike the majority of 

CLT inflected STS research that aims to create new socio-technical relationships from the 

outset and superimpose them onto existing institutional structures, educational 
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ethnography begins with what is already taking place in schools and other educational 

settings as a starting point for research. In this dissertation, once the socio-technical 

relationships in schools are documented and understood by the researcher, critical 

educational ethnography motivates work with teachers, students, community members 

and others toward bottom-up empowerment (Gordon et al. 2014).  Critical ethnographers 

aim to understand whose knowledge counts as important by studying the power dynamics 

that are embedded in school structures and curricula and then challenge those embedded 

power through intervention. Critical action research is one interventionist method where 

inquiry begins with teachers and community members who engage in social justice and 

community advocacy to improve instruction and the school environment (Mertler 2013).  

 While critical educational ethnography and STS shares a focus on whose 

knowledge is deemed legitimate, educational ethnographies generally lack attention to 

the study of technology and socio-technical systems. STS ethnography on the other hand 

“teaches that the technical is the cultural and the political” (Hess 2014, 242). Indeed, it is 

a central tenet of all good STS research to begin with the fact that “artifacts have politics” 

(Winner 1986). To uncover these politics, STS ethnography is particularly helpful when 

it comes to discovering asynchronous ways that technologists intend constructionist 

technologies to be used and the ways that teachers actually facilitate implementation. 

This can produce something “new against the backdrop of pre-existing interdisciplinary 

social science literature” on the topic (Hess 2014, 238). Furthermore, STS ethnographies 

often are “multi-sited.” This makes it useful for studying the real-time uses of 

constructionist technologies given that they are often linked to a single unit or curricular 

topic and rarely are used for long durations of class time during the school year. As a 
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result, researchers must study multiple schools and classrooms to collect a significant 

amount of data on implementation.  

 Design ethnography focuses on how users perceive a product, service, or 

institutional arrangement. This work is often collaborative by bringing together users, 

designers, and ethnographers into a co-design process. In their work on using educational 

technology to create “seamless learning” across formal and informal learning 

environments, Looi and Wong (2013) explain that ethnographic methods allow for 

“cooperative inquiry,” “constant comparison,” and “sustained observation” to study user-

experiences and -motivations (155). While educational and STS research focuses on 

institutional arrangements, design ethnography allows a method to understand individual 

perspectives on specific technologies, and incorporate those perspectives into the design 

process. This has the added benefit of motivating collaboration between technologists, 

schools, and community members and others stakeholders in educational technology 

design.  

 Educational ethnography, when synthesized with STS ethnography, provides a 

way to study the implementation of constructionist technology in real time classrooms 

that may or may not conform to technologists’ intentions. Adding design ethnography to 

this synthesis provides a way to deepen analysis of how technological politics play out at 

an individual level. It also helps to make suggestions on how constructionist technology 

design can be more equitable based on compiling individual user feedback. This 

synthesis forms a methodology that I use for STS educational research.  

1.5.2 Data Collection  
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 My dissertation relies largely on the ethnographic methods of participant 

observation and interviewing. Participant observation is the enmeshment of the 

researcher in social and cultural practices (Luker 2008). This method involves the 

researcher going into physical or virtual field sites to collect data through written scratch 

notes that are later narrativized as field notes (Emerson et al. 1995). There are a number 

of different types of participant observation that range from being a passive bystander to 

an active member of the community. My participation within the classroom communities 

I studied was more active than passive. This active role emerges out of my “collaborative 

stance” (Eglash 2007) as a researcher who translated knowledges between community 

members, teachers, and technologists in an effort to help all think more deeply about 

coupling technologies, communities, and classrooms. My field notes were enriched by 

multimedia data collection. Specifically, conversations were audio recorded in the field 

that were later transcribed for coding and analysis. In addition photos and videos were 

taken of instruction.  

 My field sites include a range of educational settings in the U.S. where 

constructionist technologies, including CSDTs and LEGO MINDSTORMS, were being 

implemented. Between 2013-2016, I observed constructionist technology implementation 

across nine schools, two summer camps, and a range of one-off workshops in three states. 

The type of constructionist technologies that were implemented in these varying locations 

was largely divided along the lines of age/grade level. I observed the implementation of 

LEGO MINDSTORMS in four middle schools and two elementary schools. I observed 

the implementation of CSDTs in two high schools and two middle schools (one of these 

middle schools is also where I observed MINDSTORMS).   
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 Building relationships of trust through participant observation with informants 

across these field sites was an important part of my research design. As a researcher with 

a background in after school programming in media and technology education, I was able 

to provide teachers with support and extra hands in the classroom. At one time this 

helped me to understand the limitations and affordances of the technology in a given 

classroom context, but it also, even if just in a small way, freed up the teacher to give 

more focused attention to a smaller number of students since I was able to help with 

instruction and troubleshooting. One might argue that intervening in my field sites risks 

skewing my observational data since I may have had an impact on learning outcomes and 

the environment. However, “participation as intervention” provides important insights 

into the system that, left undistorted and uninterrupted, would go unnoticed (Burawoy 

2009). In other words, putting pressure on the school system or classroom reveals aspects 

of the system that otherwise would be invisible to the researcher.  

 Interview and participant observation can go hand-in-hand. I interviewed each of 

the teachers that I observed, resulting in interviews with 10 teachers. Interviews ranged 

from 30-120 minutes depending on the availability of the teacher. My interviews were 

semi-structured; I had specific questions and topics that I addressed but allowed time for 

conversation with informants and extra questions to be added. I hold that the context and 

interpersonal connections between interviewer and interviewee are large determinants for 

how questions are interpreted and answered. Semi-structured interview techniques, thus, 

allowed me to navigate the diverse contexts of questioning and structure interpersonal 

relationships with interviewees in contextually appropriate ways. My interviews were 

audio-recorded and transcribed using computer software.  
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 These interviews provide me with a mental map of informants, which helps to 

make sense of actions in the field. Ethnographic interviews often aim to have participants 

reconstruct an event or social setting that was either observed or not by the researcher 

(Seidman 2012). Interviews were not one-off interactions and sometimes teachers were 

interviewed more than once. Other times interviews were required from those who are 

not in the field but are nonetheless implicated. For example, while software developers 

and designers are not in classrooms, interviews with them helped to make sense of users’ 

socio-technical interactions.  

1.5.3 Data Analysis   

Interview transcripts and observation field notes were analyzed using a deductive coding 

method, which began with preexisting set of codes based on STS and CLT literature. For 

chapter 2 transcripts and field notes were analyzed and organized into sets using color-

coding schemas to group these preexisting codes. Lines from the field notes and 

transcripts with the same color were assembled together in a digital file or physical folder 

to be drawn upon while writing. In chapters 3 and 4, which use case studies as opposed to 

multi-sited comparisons, data were analyzed by first compiling photographs, video and 

audio recordings, and field notes from the field site. This was followed by note taking 

based on these materials and my observational recollections. With these notes I built a 

narrative that became the foundation for writing up case studies.  

1.6 Chapter Outline  
 
My dissertation is broken up into three main body chapters that each answer one of the 

questions outlined above. Chapter two answers: What are the gaps between educational 

empowerment and STEM? Is it really the case that only skill and drill is going on? And is 
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discovery learning the real alternative? It shows that skill and drill classroom methods are 

not mutually exclusive from discovery learning and may even reinforce each other. 

Chapter three answers: Given that the presence of discovery learning is not sufficient, 

what can we do to foster deep generativity in the classroom? Drawing on theory in 

computer science education research, this chapter explores how the concept of trading 

zones can be used to bridge distinct disciplines while not smoothing over their 

differences. It argues using cultural and disciplinary differences as assets to build upon as 

opposed to barriers to be overcome. Chapter four answers: What happens when you do 

implement a deep generative technology in an educational setting? Using the framework 

of culturally responsive computing, this chapter proposes a brokerage strategy for 

building school-community connections that are generative for classroom teaching and 

learning, as well as improving local economic access through education-based social 

movement building.  

1.6.1 Chapter 2: The Laboratorization of Education: 21st Century Metaphors for 
Experimentation in United States Schools  
 
This chapter begins by acknowledging that in the 20th century PK-12 schools in the 

United States were often characterized as factories, with their rigid schedules and age-

based assembly lines. But it focuses on the fact that the 21st century has ushered in a new 

metaphor for schools, that of the laboratory. Critics and reformers commonly employ the 

metaphor of the laboratory not to mean a lab bench found in high school science class, 

but to describe changes in educational governance and classroom practice. Is this merely 

a metaphor for run-of-the-mill educational change or does it imply PK-12 schooling has 

shifted from an institution of knowledge transmission to an experimental enterprise? To 

answer this question, I turn to scholarship in laboratory studies—the ethnographic 
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investigations of experimental sites—to understand the process of “laboratorization” for 

schools and education more generally. I use this overview to frame and analyze field 

notes and teacher interviews from an Upstate New York middle school during the 2014-

2015 school year. I find that on the one hand, the school laboratory is a site where 

students and teachers take on the role of instrument makers and researchers to conduct 

experiments that aim to enrich their educational experiences. On the other hand, the 

school laboratory is a site where students and teachers are subjects of research as opposed 

to researchers themselves. These findings suggest that the laboratory metaphor has 

divergent and competing meanings that co-exist in the U.S. education system.  

1.6.2 Chapter 3: “That’s Not How Cornrows Work”: Trading Zones and Cultural 
Differences in Computer Science Education  
 
This chapter explores the role of “trading zones” in designing and implementing visual 

programming software that accounts for cultural differences in US K-12 computer 

science education. The chapter builds on previous theory-work in computer science 

education that employs the concept of trading zones to build interdisciplinary standards 

for research. While standard making may create a creole discipline where trading partners 

have a new and shared vocabulary, it may also act as a form of assimilation, smoothing 

over and diluting cultural differences between culturally distinct domains of practice. The 

field of ethnocomputing is introduced to show the strengths of pidgin trading zones—

where exchange is possible but differences are maintained between trading partners—in 

creating disciplinary inclusivity. Instead of assuming computer science education can be 

neutral, ethnocomputing confronts the diversity problem by framing cultural differences 

as assets to build upon as opposed to barriers to be overcome. This strategy provides a 

foundation for both increasing the inputs and outputs of STEM.   
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1.6.3 Chapter 4: Culturally Responsive Computing as Brokerage: Toward Asset 
Building with Education-based Social Movements  

This chapter starts with the observation that bridging schools and communities has been a 

goal, if not hurdle, for reformers who aim to improve the education of low-income and 

underrepresented students from the bottom-up. Strategies to create these connections are 

often characterized as “brokerage,” where individuals or organizations bridge two or 

more social worlds. This chapter details the design and implementation of educational 

technologies that support the brokering of school-community connections using a 

“culturally responsive computing” (CRC) framework. Culturally responsive education is 

often limited to content and learning styles, which misses the opportunities it creates for a 

brokerage process that also connects to education-based social movements for economic 

access in underrepresented communities. This chapter provides empirical support for the 

claim that the CRC framework is well suited for both purposes. It allows schools and 

communities to build assets together, translating the knowledge and skills of 

underrepresented communities into math and computing education, while illuminating 

the ways in which technologies can motivate education-based social movement building.  

1.7 Conclusion   
 
This chapter has shown a clear relationship between STS and CLT. In the 1990s, when 

faced with empirical opposition to LOGO and its theoretical foundation, Papert drew on 

STS as support for maintaining and legitimating CLT. More recently, STS scholars have 

been drawing on CLT and the work of Papert to support their own research programs. 

This relationship has largely gone unacknowledged in both literatures. This dissertation 

aims to turn STS back on CLT as a way to continue this loop. Figure 2 shows a stronger 

relationship between CLT and STS than currently exists. This one is made up of nested 
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loops and allows for a continual co-production between the two. A nested loop allows for 

greater iterations of the relationship between the two while realizing the productive 

history that started the initial loop.  

 

Figure 1.2. Nested loops between CLT and STS 

 The goal of this dissertation is twofold. First, I want to open up STS to more 

educational research. I think STS has not adequately attended to the role of education in 

knowledge production. STS educational research should start with the premise that 

knowledge production is part of all educational institutions and treat those who occupy 

them as knowledge producers. Second, I want CLT to become more self-critical of the 

socio-technical politics it helps support. CLT is a dominant part of PK-12 computer and 

engineering education in the U.S., including outreach funded by the Department of 

Defense and military recruiting programs. STS educational research will be useful for 

accommodating, resisting, and providing alternatives to these mainstream educational 

practices and interests.   
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CHAPTER 2* 
 

The Laboratorization of Education:  
21st Century Metaphors for Experimentation in United States Schools 

 
2.1 Introduction  

In the 21st century, it has become common to use the metaphor of a laboratory to 

characterize the societal function of schools. Does this metaphor imply something about 

the ways that schools have become sites for experimentation in the 21st century? Before I 

answer this question by detailing how the laboratory metaphor emerged in one Upstate 

New York middle school, I will review how the metaphor has emerged as part of 21st 

century discourses on school governance.  

 In the 20th century it was common to both celebrate and challenge the 

“factoryization” of U.S. public schools. Advocates like academic John Franklin Bobbitt 

(1918) heralded the superimposition of Taylorism—managerial techniques that gained 

prominence as a means for labor productivity on the factory floor—on school curriculum 

and structure as a means to prepare students for industrial work. Also in the early part of 

the 20th century, opponents like Chicago teacher and labor unionist Margaret Haley 

publically denounced similar efforts as ploys to turn teachers into “factory hands” by 

prioritizing industrialism at the expense of democratic ideals; stating in 1904, “If school 

cannot bring joy to work of the world, the joy must go out of its own life, and work in 

school as in the factory will become drudgery” (1982, 286). The factory metaphor 

became an important imaginary in the fight, on both sides, for improving education at all 

                                     
This chapter will be submitted to: Lachney, Michael. 2017. “The Laboratization of 
Education: 21st Century Metaphors for Experimentation in United States Schools. Science 
as Culture 
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levels, even prompting social movements like “Wages for Students” that formed in the 

1970s on the basis that schoolwork is unpaid labor (Wages for Students 2016).  

 While the metaphor of the school factory maintains a foothold in the ways that we 

talk and think about education in the U.S. (Cuban 2014), the 21st century has ushered in a 

new metaphor, the “laboratory.” Like the school factory, the school laboratory metaphor 

is challenged and celebrated, on both left and right, in educational reform efforts around 

school governance and classroom practice. For example, in 2007 the Washington D.C. 

think tank, Education Sector, released a report about blending online virtual classrooms 

with public education, that they titled, “Laboratories of Reform: Virtual High Schools 

and Innovation in Public Education.” The report (Tucker 2007) celebrates framing public 

schools as sites for experimenting with neoliberal models of performance-based funding 

and school choice via virtual charter schools. At the same time, opponents of neoliberal 

education reform use the laboratory metaphor as a form of critique. Teacher and activist 

Gillen (2014), for instance, argues that the school laboratory is a means for 

“experimenting with initial conditions and inputs, controlling for specific variables, to 

induce brain-states adopted to the demands of an economy structured by scientists and 

the consumption of digitized products” (14). Much like the factoryization of schools, 

these examples make clear that laboratorization enables both sides to posit and critique 

21st century education reform. Given these similarities, is the laboratory merely a 

metaphor for run-of-the-mill educational change or does it imply U.S. schooling has 

shifted from an institution for knowledge transmission to one for experimentation?  

 To answer this question I turn to laboratory studies, a sub-area of science and 

technology studies (STS) that uses ethnographic investigation to study the 
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multidirectional influences that cultures of experimentation have on science and society 

(Knorr-Cetina 1981; Latour and Woolgar 1986; Pinch 1986; Traweek 1988; Doing 2009). 

In particular, I will look to literature on the “laboratorization of society” (Latour 1988; 

Knorr-Cetina 1995; Callon, Lascoumes, and Barthe 2009) where experimental formations 

and techniques are found and studied in non-traditional settings that include factories 

(Miller and O’Leary 1994), cities (Karvonen and Heur 2013), houses (Strebel and Jacobs 

2013), and more. I use this literature to frame and analyze field notes and teacher 

interviews from an Upstate New York middle school during the 2014-2015 school year. 

On the one hand, I find that the school laboratory is not new, but dates back to the 19th 

and 20th centuries, with John Dewey’s Laboratory School and Seymour Papert’s theory of 

constructionism. On the other hand, the laboratory metaphor does appear to take on new 

and distinct experimental forms that are prompted by the 21st century hallmarks of 

neoliberal education reform. 

 I show that these enactments of the school laboratory at the level of the classroom 

come into conflict as teachers balance between providing their students with 

experimental experiences to enrich lesson content and preparing them for standardized 

state tests. I end by introducing a “generative justice” framework (Eglash 2016) that 

moves beyond neoliberal celebrations and critiques of the school laboratory. This 

framework seeks to maintain the most agential aspects of the laboratory metaphor, while 

questioning those aspects that limit agency by treating teachers and students as subjects 

of science as opposed to producers of their own knowledge practices.  

2.2 Analytic Perspective 
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 Guggenheim (2012) defines a laboratory as a result of “procedures that separate 

between an outside, an environment that is considered negligible from some epistemic 

claim or technical invention and an inside, a (partly) controlled environment that is 

considered relevant for this claim or invention” (101). A definition based on the 

demarcation of inside and outside seems to complicate the very notion of the 

laboratorization of society, since the overgeneralizing concept of society has no clear 

interior or exterior. Yet, Callon, Lascoumes, and Barthe (2009) state that the 

laboratorization of society, “does not mean that society is reduced to a huge laboratory, 

but that at different spots laboratories are implanted that frame and preformat possible 

action” (67).  

 A case of this framing and preformatting process is Latour’s (1988) study of 

Louie Pasteur’s (and the Pasteurians’) research on an anthrax vaccine. Latour explains 

the success of Pasteur’s research program in three movements of the laboratory setting 

itself. First, Pasteur moves the laboratory out into the field to collect local knowledge 

from farmers and frame that knowledge within his own relational understanding of 

bacteria and disease. He then returns to a traditional laboratory setting, where he 

implements his framework and is able to produce the disease in animals and administer a 

successful vaccine. This allows Pasteur and his colleagues to preformat his laboratory as 

an “obligatory point of passage”(Latour 1988, 43-44)—a site where actions converge or 

appear to converge at a single point—for anyone who wants to address the anthrax 

problem. Finally, to gain alliances and build out his network he moves the laboratory 

back into the field to demonstrate the effectiveness of the vaccine. This made the vaccine 

available all over France, increasing the power of Pasture’s laboratory by creating a 
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register of available action and fulfilling the laboratorization process by transforming 

society via Pasteurization.  

  In the late 19th and early 20th centuries this type of laboratorization took place 

with educational research at the University of Chicago’s Laboratory School, once run by 

American philosopher John Dewey. In his 1915 book The School and Society, Dewey  

(2008) makes the claim that, “laboratories lie back of all the great business enterprises of 

today, back of every great factory, every railway and steamship system” (94). From 

1896-1904, Dewey and colleagues literally set up a school to function as a laboratory for 

educational experimentation and knowledge production: “the school is one form of social 

life which is abstracted & under control—which is directly experimental” (Dewey quoted 

in Lagemann 2000, 47).  

 Like Pasture, Dewey and colleagues went out into the field to find the knowledge 

and skills that were practical to everyday life: cooking, carpentry, masonry, and more. 

These were then framed as essential for breaking down the longstanding dichotomy 

between school and home. As Dewey (2008) explains, “The child can carry over what he 

learns in the home and utilize it in the school; and the things learned in school he applies 

at home” (80). This knowledge was then returned to the Laboratory School to experiment 

with different configurations of academic and social knowledge. Educational historian 

Lagemann (2000) explains that, “By testing the value of scientific discoveries in the 

social microcosm of the experimental school, Dewey thus hoped to discover ways to 

promote harmony and mutuality between and among different disciplines, institutions, 

and groups of people” (49-50). Finally, the discoveries of the laboratory school would be 

put to the test in “normal” schools to guide educational reform. While it is not clear how 
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successful this last stage was—especially when compared to Pasteur—the goal was 

clearly, like Pasteur, to translate the practices of the laboratory into school organizations 

and test new approaches to learning.  

 Dewey’s school follows the laboratorization of society process, not by treating the 

whole education system of Chicago as a laboratory but by seeking to implant laboratories 

in specific settings. Furthermore it maintains the inside-outside dichotomy of control 

articulated by Guggenheim (2012). Today, there are laboratory schools all over the 

United States, which seek to continue Dewey’s vision. Yet, while this definition of the 

laboratory does correspond to Dewey’s Laboratory School, it does not to the 21st century 

metaphor for school governance and classroom practice.  

 Knorr-Cetina (2001) discusses an alternative, more metaphorical way to 

understand the laboratorization process by looking at society from a “laboratory 

perspective” (8237); or as Guggenheim (2012) puts it, “seeing the world as a lab” (102). 

From this perspective, “the notion of the laboratory, and the concepts emerging from 

laboratory studies, are transferred to areas that are not literally laboratories but can be 

seen as spaces of knowledge” (Knorr-Cetina 2001, 8237). For example, Miller and 

O’Leary (1994) argue that STS should adopt a wide view of what constitutes a 

laboratory. Drawing on laboratory studies, they use the case of the factory to argue that, 

like a laboratory, it cannot be understood within a singular spatial-temporal context but 

more so as a site of knowledge that is based on an assembly of relationships from 

multiple locations. It is this laboratory perspective from which the school laboratory 

metaphor has been taken up to describe neoliberal governance and classroom practices.  
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 In popular press, academic writing, and activist-oriented literature the school 

laboratory metaphor is often situated around neoliberal reforms in ways that are both 

celebratory and critical. From either perspective, the use of the metaphor becomes a way 

to identify experimentations with public-private partnerships—a hallmark of neoliberal 

reform in which contractual agreement between government agencies and entities in the 

private sector support the privatization of public assets—that converge on school systems 

from multiple locations, including philanthropic foundations, the National Governors 

Association, and government actors at district, state, and federal levels. For example, 

consider the role of the laboratory metaphor in discussions about charters, schools that 

are publicly funded but privately run.  

 Charter schools are often free from state and district regulations, instead relying 

on the conditions established in their charters. This allows many of these schools to get 

away with questionable activities that would be nearly impossible in traditional public 

schools. For example, from 2008-2012 the Nobel Network of Charter Schools in Chicago 

made almost $400,000 in fines from low-income students and their parents for breaking 

school rules (Warren 2012). Because of this type of private sector “freedom,” many 

policymakers perceive charters as incubators for innovation and celebrate the “laboratory 

function” they can play in producing new forms of governance and classroom practices 

(Rofes 1998). Bulkley and Fisler (2003) argue that without autonomy from traditional 

regulations, charters have a hard time serving as “experimental ‘laboratories’” for new 

forms of teaching and learning. Indeed, while some teachers in charter schools (just as in 

traditional public schools) have innovative classroom practices, research suggests that 

district leaders rarely use charters as sites of pedagogic experimentation (Rofes 1998). 
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The experimentation in governance that has taken place results in negative outcomes, 

especially on schools with low socio-economic status and in communities of color. For 

example, charters have been linked to systemic racism and the dismantling of African 

American wealth (Lipman 2010; Buras 2015). This has led many critics of charters to 

also employ the laboratory metaphor in their negative descriptions of the “neoliberal 

restructuring” of education (Lipman 2010).  

 After the partially natural and partially human made disaster that resulted from 

Hurricane Katrina, right-wing think tanks, entrepreneurs, and politicians influenced by 

the neoliberal doctrine of Milton Friedman, capitalized on the destruction by privatizing 

the New Orleans school system via massive rollback of traditional public schools and 

rollout of charters (Buras 2015). The New York Times explained that with this policy 

change, New Orleans became “the nation’s preeminent laboratory for the widespread use 

of charter schools” (quoted in Klein 2007, 6). Lipman (2011), similarly, has studied the 

city of Chicago “as a laboratory for the articulations of education policy and the contested 

neoliberal politics and economic dynamics that shape U.S. cities and, to varying degrees, 

cities globally” (3). From the restructuring of the Chilean economy in the 1970s to the 

invasion of Iraq in 2003, Klein (2007) shows that charter schools are just one way of 

seeing the world as a laboratory for experimenting with private-public partnerships in and 

out of education.  

 Like the factory metaphor of industrialism, the school laboratory is used in both 

celebratory and critical ways to describe neoliberal experiments to educational 

governance and practice. But this does not cover the whole spectrum of the laboratory 

metaphor in education. During the 2014-2015 school year I used ethnographic methods to 
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study “creative teaching” (Wood 1995) during preparation for the Common Core State 

Standards mathematics test in an Upstate New York middle school. While teachers were 

subjected to neoliberal experimentation through public-private partnerships that push 

state testing and data-driven accountability policies, teachers also inspired alternative 

laboratory metaphors where students are producers of their own knowledge practices. I 

find that these teachers push against seeing the world as a lab from the top-down and 

provide a more generative way to use the laboratory metaphor as bottom-up 

experimentation.   

2.3 Methods  

Through a connection I had with a 2014 professional development program at a college 

in Upstate New York, I formed relationships with two teachers who were developing 

lessons to meet the Common Core State Standards1 for mathematics, using the 

proprietary educational robotics technology LEGO MINDSTORMS. Building on these 

relationships, during the 2014-2015 school year I used the ethnographic method of 

participant observation in these teachers’ classrooms as they delivered lessons that 

connected MINDSTORMS to the New York State math standards. I was specifically 

interested in what educational researchers refer to as “creative teaching” (Wood 1995). 

According to Troman and Jeffery (2011) the ethnographic study of creative teaching is a 

                                     
1 According to educationalist Schneider (2015) the Common Core State Standards were 
designed with the intention to have common assessment through standardized testing, 
which were to “impose high-stakes outcomes onto those without power over it” (e.g. 
teachers and students) (3). The Obama Administration’s Race to the Top federal contest 
encourages the development of assessments that align with the Common Core. States that 
signed standards are eligible for funding if they aimed to strengthen the data-driven 
assessment of those standards (Rothman 2012).  
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way to explore the “implementation gap” between dominant discourses and classroom 

practices.  

 My choice to focus on MINDSTORMS was due to the tension it creates as an 

open-ended object of play, with the closed standardized state test. Benjaminsen and 

Sørensen (2011) point out that LEGO robotics and other non-human elements (e.g. state 

test material) generate authority in the classroom in ways that can lead to contingent 

outcomes. This means the goals of the teacher may not align with the material 

affordances of the robot and vise-versa. This allows the actions of teachers to be 

contextualized by the dominant laboratory metaphors used by academics, policymakers, 

and others, while leaving space for alternatives to emerge.  

 In classrooms, field notes were taken and supplemented by photographs and audio 

recordings of teachers’ instructions. These digital materials were important because I was 

often enrolled by teachers and students to troubleshoot technical problems and reiterate 

lesson directions. Information I missed during these moments of enrollment could be 

documented via the audio recordings. After my classroom observations I conducted 1-2 

hour semi-structured interviews with each of the teachers, which were then transcribed. 

Coding the interview transcriptions began with a set of pre-established codes, drawn from 

the literature on state testing and creative teaching: 1) accountability – teachers holding 

themselves accountable or being held accountable by others to the pre-determined 

curriculum and agreed upon school expectations; 2) construction – students and teachers 

engaging in open-ended construction or design with materials in the classroom; 3) 

collaboration – teachers or students working together with peers in their immediate 

proximity; 4) differentiation – teachers catering activities to the individual needs of 
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students; and 5) standardized tests – teachers and students directly discussing the test or 

standards associated with the test. The code list was expanded as they were connected to 

events and interactions in field notes.  

 From within these five codes three themes emerged to help identify direct or 

indirect references to laboratory metaphors: 1) experimentation – procedures for 

scientific exploration either as state testing or classroom activities; 2) testing – specific 

activities of measuring; 3) discovery – uncovering new knowledge at individual or 

institutional levels. As I explore in the next section, these themes help to draw out how 

teachers’ classroom practices correspond to different laboratory metaphors.  

2.4 Empirical Analysis  

Kathy is a middle school math teacher who works in a predominantly white suburb. The 

2014-2015 school year is her second year of her teaching career. Her first year teaching 

was, coincidentally, also the first year that the Common Core State Standards were 

implemented in New York State. During that first year, teachers and students from all 

over the state had to accommodate misalignments between the previous and new 

standards. Kathy explains,  

 I think, overall, the Common Core will improve education in America when 
 implemented in an appropriate way. So my opinion is that… implementation was 
 rushed and it has caused a lot of challenges for teachers and students… So, the 
 idea that students can have one year of Common Core math and then be 
 successful in a high school regent’s algebra course… was delusional. I, having 
 taught last year, taught regents algebra to students who have only taken Common
 Core 7th grade math, they had the old curriculum in 6th grade, they took Common
 Core 7th grade math, they skipped Common  Core 8th grade math to go straight
 into algebra accelerated. And those students faced a lot of really huge challenges
 attached to the change in the curriculum and change in the pace of the curriculum 
 and the rigor of what was being demanded of them.  (Interview 10/03/2014)  
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Despite these hurdles, data from the states’ Education Department shows that over 50% 

of the students at Kathy’s school scored “proficient” on the state math test that first year.2 

Unlike lower socio-economic status schools, this did not put her school at risk of losing 

funding, giving Kathy some flexibility to experiment with how to creatively teach to the 

test using MINDSTORMS.  

 I arrive to Kathy’s 7th grade math class to observe a lesson that uses 

MINDSTORMS to help teach integers. The lesson takes place in a special room that is 

located behind the school library. Unlike her classroom, this room provides ample space 

for students to move around and run their robots without crowding each other. During the 

lesson, students input values into pre-programmed robots that run back and forth on a 

number line so that students can visualize how to add and subtract negative and positive 

numbers (see Figure 1), a topic integral to the 7th grade math test. Kathy describes her 

motivation behind the lesson,  

So that is where I look to bring the robots into an activity, that I know is going to 
really get at the core at one or more of the Common Core Standards. Which is sort 
of how this integer module was born… I could bring the robots in to achieve these 
integer based standards… yes, I am spending more time doing it then I would if I 
was doing another classroom based activity… but that is time well spent because I 
am really hitting some important standards.  (Interview 10/03/2014)  
 

Even though Kathy’s school scored higher in math than the state average, the quote 

reveals that she still feels the need to rationalize time spent with the robots for test 

preparation. Indeed, Kathy’s school and many like it are a type of experimental testing 

ground for a far from perfect system of content standards and state tests. The need to 

                                     
2 In New York State there are four levels that students are placed into based on their 
standardized math test score. Level one being the lowest and level four the highest. For 
students to be deemed proficient they must be in either level three or four.  
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justify extra time to use the robots make sense given that teachers need to accommodate 

not only the grade-appropriate content on the state test, but also how to introduce new 

content that students have not had the proper scaffolding to learn from previous years. 

 

Figure 2.1. Materials for Kathy’s integer lesson   

 Kathy’s classroom enacts seeing the world as a laboratory that makes learning 

“legible” to the state (Scott 1998) using the output of test scores. In schools, this means 

reducing teachers’ classroom practices to the data that states are able to collect via 

standardized tests, which are analyzed to make judgments about the “success” of the 

school and teacher to motivate future changes and experiments with the school structure. 

This clearly fits the dominant use of the laboratory metaphor by neoliberals and their 

critics. But Kathy draws out a different laboratory metaphor when describing her use of 

the robots as a platform for experimentation,  

 So they were sitting in partners and I didn't teach them how to add signed
 decimals, I didn't tell them how to do it, I said here is your tool, give it a try… I
 try to do a lot of that, build a structure for them. I make workshops, fun
 manipulatives, whatever, I build a structure for them to then experiment with.
 And find the math along the way. That is kind of my goal. (Interview 10/03/2014)  
 
Experimenting to “find math along the way” is a far reach from the standardized, right-

or-wrong answers that appear on the state test. It is much more reminiscent of Dewey’s 

Laboratory School. Indeed, Kathy’s experimental approach fits well with the techno-
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pedagogic goals of MINDSTORMS, which was named after the book, with the same 

title, by technologist and mathematician Seymour Papert.  

 Papert explains the connection between Dewey’s experimental approach and his 

approach to computer education,  

It is 100 years since John Dewey began arguing for the kind of change that would 
move schools away from authoritarian classrooms with abstract notions to 
environments in which learning is achieved through experimentation, practice and 
exposure to the real world. I, for one, believe the computer makes Dewey's vision 
far more accessible epistemologically. (1996, para. 12)  
 

In this quote, Papert argues that computers are a liberatory means to move school from a 

focus on abstract concepts to hands-on activities, the foundation of constructionist-

learning theory. To clarify the laboratory connection, consider that Papert once told MIT 

Media Lab director Nicholas Negroponte that he wished there was a country called 

Mathland, or what he would later call microworlds, that children could be immersed in to 

directly experiment with mathematical concepts and ideas (Brand 1988). The 

development of the Logo programming environment, and later MINDSTORMS, was 

based on this desire for direct experimentation. This reveals that alternative laboratory 

metaphors can be constructed, specifically metaphors that see the classroom from a 

laboratory perspective. Roger, a science teacher, further clarifies this alternative 

metaphor.  

 Roger and Kathy teach in the same school. In fact, Roger, a National Board 

Certified science teacher,3 taught Kathy when she was in middle school and has acted as 

a mentor for Kathy since she was hired. Once Kathy was hired, Roger was quick to 

                                     
3 In the United States, National Board Certification is a form of teaching licensure that 
goes beyond the state level. Teachers voluntarily go through a rigorous certification 
process to meet national standards.   
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introduce her to MINDSTORMS and invite her to collaborate during professional 

development, creating lessons together at a regional college. Given these differences in 

professional experience, both teachers are committed to hands-on and inquiry-based 

learning that fit with the bottom-up uses of the laboratory metaphor.  

 Roger extends the bottom-up metaphor by comparing the discovery process of 

scientists to students’ learning processes with MINDSTORMS, stating that what he is 

“asking them to do is discover relationships, Isaac Newton himself did that” (Interview 

02/10/2015). He takes this further in describing how the robots and other “toys” fit within 

his teaching philosophy more broadly,  

I think Newton thought he was playing too, he was doing all these experiments. 
Getting paid by the university to roll the ball down the ramp and he thought he 
was stealing their money because he was just playing all the time. Making all 
these discoveries about light and things… there is a lot of important things you 
can learn from playing. The design of toys is pretty amazing… Some kids are 
using toys, they don’t realize all the math that went into designing it… If I was 
teaching math I would just have them play with connects (Interview 02/10/2015).  
 

To integrate play into this classroom, Roger created a program to generate intervals of 

time that would result in the MINDSTORMS robot running to multiples of five along a 

number line (Figure 2). Students record the runs as data and then ask if the mean of the 

data accurately represents the data set they gathered. The idea is for students to critically 

engage with the method of data collection by questioning what was included and left out 

by using the mean to represent all the runs. However, Roger’s program does not account 

for the time it takes for the robot to accelerate, throwing students’ data off.  
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Figure 2.2. A robot along a number line to collect data during Roger’s lesson 

 To deal with the acceleration problem Roger works with a group of students who 

were ahead of most others in the lesson. With this group he goes through a trial and error 

process of adjusting his program. As most students go on with their lessons, rounding to 

the nearest multiple of five, Roger tries to figure out how to account for the time it takes 

the robot to accelerate. He comes to no final solution by the end of class but this does not 

seem to be a source of frustration. Instead Roger explains his excitement in dealing with 

the problem,  

Well since I find that kind of learning exciting, interesting, that is the kind of 
experiences I want to provide kids to have. It was a discovery on my part. I was 
noticing there was a type of problem with it, thinking about why that was a 
problem and how we can solve it. You can see I was actually borrowing the kids’ 
robots sometimes, I would come up with an idea and I would borrow their robot 
and test it out. They got to see me, I was modeling the types of behaviors I want 
to see in them…. I guess I consider teaching to be somewhat of a discovery 
approach as well. (Interview 02/10/2015). 
 

Roger’s excitement points to a specific type of laboratory activity: “learning by doing” 

(Doing 2009). Both Papert (1993) and Doing (2009) describe learning by doing as 

knowledge gained when one manipulates a technology in a trial and error process. Roger 

uses the acceleration problem to engage in this exact type of process. Furthermore, he 
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interprets the problem as a teachable moment for himself and models that behavior for his 

students.  

 Through the language of testing, experimentation, and discovery, not to mention 

invoking the activities of well-known scientists, Kathy and Roger construct an alternative 

way to see the school as a laboratory that does not rely on the dominant construction of 

neoliberalism. While neoliberalism demands that parents, students, and teachers critize 

and directly resistance for reproducing racism and dismantling the wealth of communities 

through top-down privatization schemes, the laboratory metaphor should not be 

abandoned for its mere association. Furthermore, Kathy reveals that the alternative, more 

bottom-up ways of seeing the world as a laboratory can co-exist alongside the dominant, 

top-down neoliberal metaphor. Indeed, the former use of the metaphor positions students 

as producers of their own knowledge and the latter use treats students as research 

subjects. Therefore, instead of totally rejecting the school laboratory, a generative 

metaphor might empower teachers and students in a way that neoliberalism cannot.   

2.5 Discussion  

Both the neoliberal and generative ways of seeing the school as a laboratory help answer 

the original question: is the laboratory merely a metaphor for run-of-the-mill educational 

change or does it imply U.S. schooling has shifted from an institution for knowledge 

transmission to one for experimentation? In the neoliberal laboratory, experiments are 

conducted at the level of the school and district, no longer just treating students as cogs in 

a machine (like with the factory metaphor) to be moved along an age-based assembly 

line. Instead, they are subjects to extract data from for making choices about changes to 

educational governance. Alternatively in the generative laboratory, experiments are 
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conducted at the level of the classroom where students and teachers construct instruments 

and conduct experiments to enrich their educational experiences via learning by doing. 

While these two metaphors are not mutually exclusive in practice, an analytic separation 

between them helps make distinctions between which aspects of the metaphor are 

empowering and not.  

 To posit a generative laboratory metaphor I draw on the theory of “generative 

justice” (Eglash and Garvey 2014). Generative justice is a theory to describe bottom-up 

forms of production that are unaccounted for by traditional top-down theories of 

distributive justice. These bottom-up forms of production include indigenous fiber arts 

(Kuhn 2016), community energy initiatives (Dotson and Wilcox 2016), open source 

technologies (Dunbar-Hester 2016), and more. In education, the theory has been used to 

create what Lyles et al. (2016) call “generative contexts”: environments where the value 

that learning and teaching produce can support students’ identity formations within their 

local or classroom contexts. For example, Bennett (2016) shows how a generative justice 

framework can inspire contexts for art students of different ethnic heritages to use 

computational thinking in the creation of designs that communicate issues about their 

own social positions. One student created a design that focused on her opposition to 

tobacco use, using scaling patterns to visualize a cigarette burning to increasingly smaller 

size; another discovered that certain hair braiding patterns looked like spiders, and built 

on that recognition of nature’s nonlinear curves by creating a spider-web backdrop. The 

common principle for these and other forms of production is “the bottom-up circulation 

of unalienated value” (Eglash 2016, 373). To understand this common principal and how 
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it can be used to posit a generative laboratory metaphor it is first helpful to define 

alienated value.  

 Marx’s (1976) theory of alienated labor explains how the value produced by 

industrial workers is reduced to the wages necessary for survival, while the capitalist 

class controls and profits off of the surplus value produced by those workers. This not 

only alienates workers from their labor but also from participating in the economic 

decision-making processes that impact their local communities. Eglash (2016) adopts 

Marx’s theory of unalienated value—“the meaningful work of traditional skilled artisans, 

taking pleasure in their craft and earning respect from their community” (374)—without 

its vision of state-controlled extraction and centralization. Rather, he posits that the 

“circulation” of value, without extraction, is a better facilitator of social justice. Thus a 

generative analysis is often concerned with developing markers or identifying 

characteristics for those conditions that produce alienation verses those that are 

unalienated. Much of the educational research and practice refers to itself as “student-

centered” has similar goals. Interrogating the laboratory metaphor is one way to further 

innovation of generative approaches to education, here starting from the social position of 

the teacher.  

 If we contrast the neoliberal laboratory metaphor with the one enacted by Kathy 

and Roger in their classrooms, the markers of alienated and unalienated teaching become 

apparent. Within the context of the neoliberal laboratory, Kathy makes clear that the way 

the Common Core State Standards were implemented was “delusional,” which speaks to 

a larger problem of teachers being excluded from decision-making processes. Indeed, the 

National Governors Association and the Council of Chief State School Officers 
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developed the Common Core State Standards by excluding input from professional 

teachers (Schneilder 2015). Without mentioning the word teachers, the memorandum 

identifies the National Governors Association non-profit Achieve Inc., ACT, and College 

Board as the key developers. While others were brought on from the Student 

Achievement Partnership, none of them were teachers and many did not have classroom 

experience. Some teachers were included, but only after the fact “to tweak and endorse 

the standards – and lend legitimacy to the results” (Rethinking School editors 2013).  

 The alienation felt by teachers across New York is articulated in Figure 3, a bus 

sign from the New York State United Teachers campaign against Governor Andrew 

Cuomo’s neoliberal education reforms: the implementation of high-stakes testing, 

privatized classrooms, and funneling money away from public schools to charters. To the 

left is a statement: “You talk about teachers. Try listening to them,” with a black and 

white picture of Governor Cuomo looking concerned or scared. The sign denotes that 

teachers are alienated from decision-making processes of education reform even if they 

are the ones responsible for the work of implementation. The picture of Cuomo may 

connote that he sees the complexities of education only in black and white terms – a 

simple reductionist binary that can only appear delusional from a teacher’s point of view. 
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Figure 2.3. New York State United Teachers’ bus sign criticizing  
Governor Andrew Cuomo 

 
 The neoliberal metaphor for seeing the school as a laboratory points to the 

extraction of value from schools when teachers use state standards to prepare for and 

administer the state test. Teachers do not see the direct benefits of this work in terms of 

being able to evaluate students’ learning via individual test scores, but instead receive 

benefits in a distributive model of financial reward or punishment. But reproducing the 

laboratory metaphor only within a neoliberal context overlooks the generative ways 

teachers actually invoke the scientific activities of experimentation, discovery, and testing 

hypotheses in their own classrooms. Kathy and Roger’s commitment to learning by doing 

and trial and error experimentation with MINDSTORMS offers an alternative view of 

their classrooms as laboratories that is much less alienated. My point is not that 

MINDSTORMS are somehow tools to liberate education—far from it—but assuming 

they are pure acts of hegemonic enforcement is also inaccurate, and makes invisible what 

teachers are actually doing in the classroom.  

 As with Roger’s acceleration problem, the value produced can be meaningful and 

pleasurable. He saw the direct benefit of modeling for students the “discovery approach” 

to learning that he values for both the social positions of teachers and students. This type 

of meaningful and skilled work invokes the laboratory metaphor as a type of generative 
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context for the bottom-up circulation of value between lesson content, student learning, 

and pedagogy, as opposed to the extraction of value for the state in a lesson where 

students memorize and practice equations for standardized tests. In the context of 

discovery and hands-on experimentation that embodies, even if in a shallow sense, the 

generative way of seeing the school as a laboratory, teachers and students are producers 

of their own knowledge practices in ways that directly benefit their own teaching and 

learning experiences.  

 The fact that Kathy and Roger use MINDSTORMS to enact learning by doing in 

their classrooms is consistent with a generative laboratory metaphor. Kafai and Burke 

(2014) explain that the original purpose of the first LEGO robotics kit (i.e. LEGO TC 

Logo) in the 1980s was to provide materials and experiences to children that were only 

accessible (at that time) in university laboratories. Roger took advantage of this original 

vision in his classroom, not only using the robots to help students critically examine how 

data is represented, but also running experiments using the sensing capabilities of 

MINDSTORMS. For example, spread around Roger’s room are temperature-sensing 

probes hooked up to the MINDSTORMS’ programmable brick, with directions for how 

to use them in earth science units. His goal is to have students experiment and experience 

first hand how soil and water can change under varying conditions. 

 It is important to point out that, like in Kathy’s classroom, the two laboratory 

metaphors are not mutually exclusive in practice. In fact, what both prompts and 

constrains the activity in Kathy’s classroom most is the requirement for Common Core 

connections. This suggests that contexts where a shallow form of a generative laboratory 

metaphor appropriately describes classroom activities might actually reinforce and 
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maintain neoliberalism. Indeed, pointing out alternative uses of the metaphor does little to 

challenge the existence of top-down neoliberal reforms that extract value from students 

and teachers. This begs the question: can fully generative contexts be achieved in 

classrooms that are seen as laboratories by students and teachers, fully in the sense that 

they actually help resist neoliberalization?  

 Challenges to the neoliberalization of education have been taking place all over 

the U.S., from the 2012 Chicago Teachers Union strike against massive school closures 

(Ashby and Bruno 2016) to opting-out of standardized testing (Hagopian ed. 2014). 

However, for the majority of teachers and students in the U.S. these forms of resistance 

are disconnected from classroom activities and lesson content. Lachney (2016) argues 

that connecting resistance to neoliberalism and innovative classroom learning requires 

building school-community relationships by bringing local knowledge and students’ 

culture to bear on lesson content. These relationships help form the pre-conditions to 

successfully organize more fully generative contexts in the classroom by involving 

community members in content delivery, while also creating contact zones where 

teachers can seek support for strikes or opting-out.  

 It should be noted that the use of MINDSTORMS might not make these 

relationships easy to build. During my interviews with Kathy, Roger, and other teachers 

who were exploring creative teaching with MINDSTORMS, I asked what type of guest 

speaker they would want to bring in to accompany their implementation of the robots. 

Answers ranged from owners of automated factories to engineers from local universities. 

Given that automated factories threaten job security and engineers are often employed to 

directly or indirectly support military imperialism, it is questionable if these types of 
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speakers would actually help resist neoliberal reforms and support true generativity 

beyond classroom practice.  

 This suggests that MINDSTORMS might help create the bottom-up circulation of 

value in the classroom between lesson content, pedagogy, and learning but it should be 

viewed as a shallow generativity: generativity isolated from community interests and 

social justice. The move from shallow generativity to generative justice would be 

difficult in part because the MINDSTORMS technical structure, imitation and invoking 

the “universal” robots of military, and industrial application are not designed for 

facilitating justice-oriented connections to community. Lyles et al. (2016) explain that to 

move from a single context to justice requires, “building community assets in school; 

creating spaces for situated knowledge; [and] developing social theory and practice to 

inform engagement with the natural world” (630). While it is not impossible to 

accomplish these criteria for generative justice and resist neoliberalism with 

MINDSTORMS, the educational technologies’ association with extractive institutions, 

from the military to many engineering colleges, makes this difficult and unlikely. They 

are not built to inspire and nurture such efforts. Alternatively it may be possible that the 

design of educational technologies can be guided by such principles, ones that are 

culturally relevant to students’ experiences and community knowledge, not the alienating 

and extractive forces of automation and militarism.  

2.6 Conclusion  

Just as the factory metaphor was a popular way to discuss school reform in the 20th 

century, the laboratory metaphor is popular in the 21st century. STS literature on the 

laboratorization of society helps explain how academics, reformers, cultural critics, and 
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others are using this metaphor to describe how cultures of experimentation change school 

governance and classroom practice. The discourse surrounding the laboratorization of 

education is dominated by celebrations and critiques of neoliberalism, which suggests 

that U.S. policy- and decision-makers have taken on an experimental approach to 

schooling. Students and teachers have become subjects to extract data from in the form of 

state tests, which are used to motivate changes to school funding and structure. But 

restricting the laboratory metaphor to this discourse limits its potential to be generative at 

the level of the classroom. Kathy and Roger employ the language of testing hypotheses, 

experimentation, and discovery to suggest an alternative laboratory metaphor in 

classrooms where students and teachers learn by doing.  

 As opposed to restricting the laboratory metaphor to critiques and celebrations of 

neoliberalism, a generative laboratory metaphor is proposed. Based in the framework of 

generative justice, this way of seeing the classroom as a laboratory highlights the agential 

abilities of teachers to create contexts where the value students produce circulates to their 

local benefit. However, the particular form of generativity in this instance is highly 

restricted; the teacher struggles to accommodate even a simple, basic physics 

phenomenon like acceleration if it lies outside the narrow parameters of the lesson plan. 

Thus it is no surprise that restricted form does not stand to oppose neoliberalization and 

may actually, at times, support it.  

 Moving from a shallow generative context to a deeper one—focusing on 

generative justice—requires more than just a micro-opportunity for discovery learning of 

the equation rate*time=distance, no matter how “bottom-up” that activity may be. The 

deeper form circulating requires building school-community connections that can 
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contribute to the ongoing fights against neoliberal education reform. To do this, teachers 

will need to be conscious of the type of technologies and materials they use to create 

generative contexts. While MINDSTORMS can help value circulate from the bottom-up 

in individual classrooms, it is questionable if the technology motivates school-community 

connections that are based on justice and equity. Therefore, to see the classroom as a 

laboratory where generative justice is possible will require not only challenging the 

extractive forces of neoliberalism but also the educational technologies used to foster 

experimentation, hypothesis creation, and discovery.   
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CHAPTER 3* 

“That’s Not How Cornrows Work”:  
Trading Zones and Cultural Differences in Computer Science Education 

 
3.1 Introduction  
 
Computer science (CS) education research has developed as an interdisciplinary field 

(Fincher and Petre 2004). From its outset in the late 1960s with Seymour Papert and the 

Epistemology and Learning Group at MIT, CS education research has consisted of 

mathematicians, artificial intelligence researchers, social scientists, educationalists, and 

others (Papert 1980; Solomon 1986; Harel 1991; Papert 1993; Kafai 1994; Resnick 

1997). While much of this work provides a strong foundation for the development of 

academic societies and journals, the interdisciplinary construction of the field has 

hindered the development of a shared paradigm and common research practices. This has 

inspired calls by CS education researchers to be more conscious about how they borrow 

from other disciplines in an effort to stabilize the field (Fincher and Petre 2004).  

 Fincher and Petre (2004) propose one pathway toward stabilization by borrowing 

the concept of trading zones from the history of science and science studies. Using the 

work of anthropologists to describe trading between different cultural groups, Galison 

(1997) developed the concept as a way to understand how disunified traditions between 

experimentalists, theorists, and instrumentalists are overcome in the physics laboratory. 

In particular he stresses that,  

 cultures in interaction frequently establish contact languages, systems of discourse 
 that can vary from the most function-specific jargons, through semispecific 
 pidgins, to full-fledged creoles rich enough to support activities as complex as 
 poetry and metalinguistic reflection. (Galison 1997, 783) 

                                     
This chapter has been submitted to: Lachney, Michael. 2017. “Trading Zones and 
Cultural Differences in Computer Science Education.” Computer Science Education. 
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Fincher and Petre (2004) argue that framing CS education research in terms of trading 

zones helps reveal that it is currently equivalent to a pidgin: sufficient only for limited 

epistemological trade between its different disciplines. In an effort to create “distinct 

disciplinary norms and practices” for CS education research, they propose an active effort 

to move from a pidgin to a complete and unified trading zone, otherwise known as a 

creole. My own research on this topic indicates that while the introduction of such unified 

language can be helpful, it can be a double-edged sword that creates limitations as well. 

This chapter argues for a “polyglot” approach, supporting both pidgins and creoles in 

more strategic ways.  

 Below I will explore two cases of trading zones. The first is a creole trading zone 

between CS education research and gender studies in an introductory CS course using the 

theme of “gender neutrality” (Svedin and Bälter 2016). The second is the application of 

identity neutrality when creating a creole trading zone in U.S. PK-12 CS education. As I 

will illustrate with the visual programming language Scratch, a neutral position runs the 

risk of assimilating cultural differences into the white middle class status quo, 

reproducing color-blind racism in CS education.  

 Ethnocomputing provides an alternative approach to the concept of trading zones. 

It assumes the value of trading zones lies not only in the creation of a creole, but also in 

the maintenance and care of cultural differences through building a polyglot repertoire 

that can honor the strengths of both CS education and the cultural contexts of its students. 

Thus I do not call for an elimination of the creation of creole trading zones for CS 

educational research. They should continue to be explored, but we should also explore 

the value and full linguistic range from the language a person is born with to a foreign 
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expert, and all the hybrids in between.  In particular I want to show the valuable work 

pidgins can do to highlight cultural differences and power relationships between trading 

partners.  

3.2 Trading Zones  

In his cultural-historical study of physics, Galison (1997) shows three autonomous 

subcultures within the field: experimentalists, theorists, and instrument makers. While 

Galison (2010) affirms Kuhn’s (2012) historical observation of “diachronic 

incommensurability” between paradigms—for example the paradigm shift from 

Newtonian Laws to Einsteinian special relativity—he also observes “synchronic 

incommensurability” between these subcultures at a given period in time (27). In other 

words, the autonomy of theorists—who have their own journals and societies—may 

result in beliefs about black holes, for instance, that are different from those of their 

experimental colleagues. Still, there is the reality of local coordination and action 

between subcultures in the face of synchronic incommensurability. How do subcultures 

talk to each other and collaborate at a local level? Galison turns to work in linguistic 

anthropology on language exchange across cultures. Dutton (1983) provides a foundation 

to show how languages can hybridize at different scales. Adapting this work to scientific 

knowledge production, Galison develops the concept of trading zones to describe how 

subcultures communicate while either maintaining disunity or forming into a new unified 

discipline.  

 The key to understanding exchange in trading zones is that there is no 

presupposed universal meaning of the object being traded. Each party can still engage in 

trade without agreement on the significance of what is being traded. Pidgin trading zones 
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limit meaning enough between two groups for the occurrence of trade without smoothing 

over cultural differences. Indeed, linguistic or schematic structures are simplified and 

reduced to necessitate trade. Galison (1997) uses trading practices between physicists and 

engineers in developing radar systems as an example of pidgin trading zones in science. 

Both sides maintain separate identities while also collaborating. But sometimes, just as 

with ordinary language in trading zones, Galison’s epistemological pidgins will change 

into creoles. Creoles in science are the development of new unified fields. For example, 

ongoing communication between mechanical engineers and biologists resulted in 

biomechanical engineering, which has its own journals, societies, and can be taught as its 

own discipline to new generations of students. It is important to note that just as linguistic 

anthropologists do not treat pidgins and creoles as inferior to “natural languages,” pidgin 

and creole trading zones in science are not inferior to other locations of knowledge 

production since each has historically produced knowledge deemed legitimate by 

mainstream scientific communities. This symmetry of value between different levels of 

coordinated action provides insight into how disciplinary boundaries are created and the 

mechanisms behind interdisciplinary collaboration.  

 Both pidgins and creoles play roles in the success of interdisciplinary 

intersections, like large-scale physics projects. Pidgins allow functional efficacy without 

forcing linguistic and epistemological differences to vanish; as long as the engineer 

knows what to build and the physicist knows how the gadget corresponds to her concepts, 

each can keep living more or less in their own worlds. Creoles allow for fuller 

communicative experiences, but at the expense of creating a separate “neutral” space of 

shared meaning. Physics includes both, at least from Galison’s view, and thus might be 
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described as a “polyglot” trading zone where pidgins, creoles, and perhaps other 

linguistic hybrids co-exist.  While the term has been used in CS to generally describe 

multiple programming languages and paradigms at use in a single application (Wampler 

and Clark 2010), the polyglot concept has not caught on as a way to build the discipline 

of CS education, where there is more emphasis on the neutrality of creoles.  

3.2.1 Computer Science Education  

Computer science education research employs the concept of trading zones for both 

discipline building and interdisciplinary coordination. Fincher and Petre (2004) make a 

stark observation that CS education research is “theory-scarce” and that it should stretch 

beyond its roots in mathematics and computation to borrow from trading partners in the 

social and learning sciences. They argue that to “build up a legitimate, well-founded 

thoughtful use of interdisciplinarity” requires the establishment of methodological and 

theoretical standards (Fincher and Petre 2004, 33). This is necessary so that theories from 

outside the reference discipline—in this case, CS education—can be interrogated by 

insiders who know why methods are valid and how theories can be used in knowledge 

production. Thus, the emphasis on a neutral creole: a healthy skepticism of trading 

partners means a criteria of rigor for creating shared practices that will move CS 

education research away from relying on pidgin trading zones.   

 Building on the goal to create a creole at the intersection of CS education and 

gender studies, Svedin and Bälter (2016) attempt to establish a trading zone where 

concepts concerning gender are recognized and standardized between partners. They are 

explicitly concerned with broadening gender participation in CS by studying retention in 

a gender-neutral, self-paced, and introductory university-programming course in Sweden. 
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To confront stereotype threats that have increasingly discouraged women from pursuing 

CS, as well as the masculine cultures of individualism that subsume the CS field (see 

Margolis and Fisher 2003 and Abbate 2012), Svedin and Bälter call for researchers to 

focus on both the numbers of women retained and the social conditions that produced 

exclusion in the first place.  

 Their development of a gender studies and CS education trading zone emerges 

from an awareness of two dangers: 1) CS education researchers may assume research 

results are due to innate gender differences and 2) feminist researchers may essentialize 

gender as a singular research interest. To overcome these dangers from each trading 

partner, they develop a research design to keep track of retention rates within the course 

along gender lines and develop course content that does not reproduce gender 

stereotypes. As one guiding design principal for standardization across the two 

disciplines, they developed “gender-neutral and non-biased messaging” in course content 

(Svedin and Bälter 2016, 198). The standard of neutrality is well suited for a creole 

trading zone, as it aims to be as inclusive as possible by eliminating references that speak 

to gender differences. Instead, they rely on the language of “students” in hopes of 

increasing the completion rate of women and not marginalizing any gender identity. They 

succeeded in increasing retention in the course: 5% increase for women and 7% increase 

for men (Svedin and Bälter 2016, 202).  

3.2.2 Underrepresentation and Computer Science Education  

While U.S. women increased representation in CS from the late 1960s to the early 1980s, 

since then there has been a steady decline in their participation (Abbate 2012, 3). The 

gender-neutral trading zone between CS education research and gender studies that 
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Svedin and Bälter (2016) created holds promise for broadening participation in light of 

this fact. However, there has also been research to suggest that, while gender-neutral 

standards appear to make changes at a surface level, they do little to challenge patriarchal 

structures and may even function to make organizational inequity invisible.  

 Kelan (2009) finds that policies of gender-neutrality in technology workplaces 

create a conflict of perspectives: “People realized that gender is a factor around which 

discrimination can happen, but at the same time, their workplaces were constructed as 

gender neutral, therefore making gender discrimination a concept no longer needed” (p. 

206). Abbate’s (2012) historical work on women and computing treats gender-neutrality 

not as a goal, but a political position in and of itself that can be overcome by recognizing 

“that technical practices have historically embodied unequal power relations” (7). Given 

that history cannot be so easily erased through changes in course content, the ideological 

function of neutrality in CS education may actually normalize discrimination by 

suggesting post-gender curricula and schooling. Applying the same logics of neutrality to 

other forms of underrepresentation highlights that sometimes neutrality frameworks can 

be problematic for broadening participation.  

 African Americans have remained largely absent from CS since it stabilized as a 

discipline. To contextualize this absence in the 21st century, consider that in 2015 African 

Americans made up 13.2% of the population but were only 1.5% of CS PhD recipients 

(Dillon et al. 2015). Margolis et al. (2008) report that the racial gap in CS is partially due 

to disparities in high school course offerings and mentorship between schools with 

predominantly white students and those with predominately students of color. Margolis 

and colleagues found that students of color are presented with shallow CS curricula that 
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limit their career and educational opportunities. Given these circumstances, racially 

neutral language might be appropriate for goals to broaden participation.  

 Eglash (2007) interviewed black engineers about the “master-slave” metaphor 

used to describe relationships of control between two devices. While some engineers 

preferred it to be eliminated, identifying it as a barrier during their own schooling, others 

thought it revealed a history of power relationships that should be remembered through 

keeping the metaphor. The same debate might be created around the CS term “primitive.” 

A primitive is the smallest unit of processing that a coder can execute in a programming 

language, but the term has also been used to denigrate the intelligence of Native 

Americans and African Americans. This double meaning has resulted in the term being 

negatively associated with colonialism and white supremacy in local communities while 

also taking on assumed neutrality in CS communities. In some contexts, racially neutral 

language may appear more inviting for African American students, but at the same time, 

like gender-neutrality, it may cover up unequal power relationships already being 

reproduced in education.  

 As an early childhood educator, Delpit (2012) makes the case that the “basic 

skills” children learn in elementary school are only basic because of the assumption that 

white middle class conventions are a standard for all children to possess and build upon. 

Here, seemingly neutral terms, such as “basic literacy,” are actually loaded with cultural 

values and norms. Delpit’s point is not that we should abandon basic skills in education, 

but that what is considered “basic” may be different for students from different cultural 

backgrounds. Indeed, Delpit found that African American students came to school with 

basic skills that were considered advanced for white students. Superimposing the label of 
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neutrality on CS may work to smooth over, instead of build upon, cultural differences 

between students, running the risk of reproducing “color-blind racism.”  

 Color-blind racism disregards a person’s race when considering issues of 

inclusivity and exclusivity by assuming everyone is inherently equal and success is only 

gained through individual feats. Bonilla-Silva (2006) makes the case that color-blindness 

allows whites to “enunciate positions that safeguard their racial interests without 

sounding ‘racist’” (4). Such politics are easily seen in U.S. debates surrounding 

affirmative action programs in universities. Opponents to affirmative action assume that 

the problems of entry into higher education for people of color are personal and have 

nothing to do with the structures of white privilege. In actuality, color-blindness ignores 

the facts that schools are more segregated today than they were forty years ago (Rothstein 

2013), students of color are more likely to attend high-poverty schools than their white 

counterparts (National Equity Atlas 2016), and the prison-to-school pipeline—that has 

contributed to making the U.S. the global leader in mass incarceration—

disproportionately affects students of color (Heitzeg 2016).  

 The reproduction of color-blind racism via racial-neutrality may appear to level 

the playing field, but it simultaneously has the potential to create the conditions where 

students of color must meet the standards of the hegemonic culture—the white middle 

class—to succeed. Instead of building on cultural differences as assets to inspire and 

engage student learning, schools and extra-curricular programs often ask students of color 

to assimilate. This is already part of popular science, technology, engineering, and 

mathematics (STEM) programs. The FIRST LEGO League, for example, does not build 

programming from the bottom-up, but instead takes a standard model (itself embedding 
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hegemonic connections to militarism and automation) and assumes it can work equally 

across all educational settings by asking students to meet the same challenges regardless 

of their context.  

 Thus, in matters involving both race and gender, and in contexts ranging from 

early childhood to professional adults, the idea of neutrality as the exclusive solution to 

diversity in technical education is flawed. While the neutrality of creoles provides some 

advantages, they also have the potential to cover up power relationships that are still at 

work. Arguing against the use of neutrality in CS education research and proposing a 

model based on cultural differences proves problematic for standardizing the discipline as 

a creole trading zone. However, the risk of assimilating cultural differences into the 

existing CS culture needs to be taken seriously if trading zones are going to be useful for 

addressing underrepresentation.  

 In the next section I will explore how creole trading zones in the U.S. music 

industry and CS education have resulted in assimilationist practices. I will follow this up 

with an alternative approach called “ethnocomputing” that aims to create not only creoles 

but also pidgin trading zones to address issues of underrepresentation in CS education. 

These types of culturally responsive computing programs, such as the Digital Youth 

Network (Barron et al. 2014) and CompuGirls (Scott et al. 2016), are designed to connect 

learning to students’ situated contexts. My contention is that polyglot trading zones will 

need both pidgins and creole alternatives, and perhaps other forms of hybridity, to fully 

serve the needs of diverse populations.  

3.3 Cultural Assimilation  
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While the history of African Americans in U.S. education has been marked by the 

violence of segregation (Spring 2016), the 21st century industry demand for STEM 

expertise has made the inclusion of minorities in these disciplines a national priority. 

Diversity initiatives based on equity, fairness, and justice in STEM education are 

important in and of themselves, but often the logics of diversification are the same as 

those of national economic competitiveness (Lachney and Nieusma 2015). These 

conflated logics of diversification and economic competition certainly motivate 

broadening participation, but they often fail to consider the role of STEM in producing 

underrepresentation in the first place (Eglash et al. 2017). For example, Downey and 

Lucena (1997) retell of hearing engineering recruiters explain to African American 

students that they need “to keep their resumes from looking ‘too black,’ or employers 

might become suspicious that a student was putting racial identity before engineering 

identity” (134-135). It is hard to imagine recruiters telling white students to keep their 

resumes from appearing “too white,” since the engineering disciplines have been 

historically designed as white spaces (Slaton 2010).  

 Multicultural mathematics has been one way to address the problem of diversity 

in STEM disciplines. Too often these initiatives may take standard word problems but 

change the name of characters and contexts; instead of Jane counting marbles it is 

Esteban counting coconuts (Jennings 1996). The idea behind multicultural mathematics is 

to help minority students identify with the lesson content, seeing themselves or their 

cultural heritage represented. There is nothing inherently wrong with creating these 

trading zones, but they tend to use Western standards as foundational norms and trivialize 

cultural meaning. So instead of looking at how embedded mathematics creates culturally 
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significant practices (for example logarithmic curves in Ghanaian Adinkra stamping 

traditions (Lachney et al. 2016a)), more likely lessons are on the numeric systems that 

simply map well onto Western mathematics, such as translating between the Egyptian 

and European base-ten counting systems (Bazin et al. 2002).  

  Certainly, multicultural mathematics are welcomed responses to Eurocentrism in 

curricula (Anderson 1997), but the danger is diluting cultural differences so much that 

they are no longer recognizable as different from the hegemonic culture. Indeed, Ladson-

Billings and Tate (2017) argue that, “Instead of creating radically new paradigms that 

ensure justice, multicultural reforms routinely ‘suck back into the system’” (25). 

Following Alba and Nee (2017), I define the dilution in multicultural reforms using the 

concept of assimilation: a process where  

a cultural trait gradually loses its association with an ethnic group. In part, this 
happens because non-group members take it on, so that the empirical correlation 
between the trait and group membership is weakened. In part, it occurs as the trait 
is no longer labeled in an ethnic way. (51) 
 

The unification and standardization of communication that accompanies creole trading 

zones in multicultural education is precisely the danger of assimilation. Eglash et al. 

(2006) explain how multicultural mathematics “runs the danger of acting as a sort of 

safety valve, satisfying diversity requirements without challenging the most deleterious 

misconceptions” (348).  

 Before showing a clear case of assimilation in the CS educational software 

Scratch, I will briefly describe the assimilation of hip-hop culture into the “white” music 

industry. In both cases, African American culture is diluted by cultural and economic 

forces that try to make it indistinguishable from white hegemony. I find that the case of 

musical appropriation is more intuitive for many readers: music, after all, is supposed to 
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be culturally specific, and musical innovations are supposed to be credited to innovators. 

By deepening our understanding of how assimilation can be paired with exploitation in 

music, we can better spot its more subtle forms in CS education.  

3.3.1 Assimilation in the U.S. Music Industry  

The assimilation of African American music into white hegemony is nothing new. It has 

long been recognized that blues musicians provided an economic and artistic foundation 

for the successful careers of rock and roll artists and white music executives, despite the 

fact that they received little to no name or financial recognition (George 2003). Adelt 

(2010) shows the 1960s assimilation of black music into both the hippy counterculture 

movement and folk revival likely did not defy or fight against black oppression, but 

helped it persist. The historical legacy of diluting black culture enough that it appears 

white is not lost on the hip-hop generation.  

 Musician Mos Def (1999) makes a point to reclaim these black cultural roots in 

his song “Rock N Roll” by stating, “Elvis Presley ain’t got no soul, Chuck Berry is rock n 

roll. You may dig on the Rolling Stones but they ain’t come up with that style on they 

own,” before ending on hardcore punk stylistics with the call—“Who am I?!”—and 

response—“Rock N Roll!”—lyrics. This move by Mos Def makes clear that seemingly 

white genres such as punk rock owe much of their development to the assimilation of 

black music (Parker 2017).  

 Hip-hop is most often associated with rapping MCs but it broadly includes break 

dancing, graffiti art, and DJ-ing. While many stylistics of rap and hip-hop date back to 

African American spirituals and spoken word poetry, the specific hip-hop assemblage of 

rapping, break dancing, graffiti, and DJ-ing originate in the 1970s among the vibrant 
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cultural dynamics, but economically despaired conditions of the Bronx. These conditions 

were recognized in songs like the 1982 hit, “The Message” by Grandmaster Flash and the 

Furious Five, which brought to light youth perspectives on poverty and racism that were 

ignored by most mainstream media.  

 Since then hip-hop has become a multibillion-dollar global industry. This 

necessitated the communities’ continual challenge to the threat of assimilation and 

exploitation (McLeod 1999). Educational researcher Emdin (2010) makes clear that 

while many simplistically view the commercialization of hip-hop as “pollution of the true 

voices of urban youth”, it nonetheless continues to be an important space occupied by 

urban youth to address their conditions and frustrations (4-5). Indeed early hip-hop artists 

resisted incorporation into mainstream recording practices, but by the 1980s it had been 

identified as a profitable market. At one time, this gave attention to African American 

artists, who were able to commercialize their work and connect with other industry 

professionals for self and community promotion. For example, in the 1990s, the 

production team The Bomb Squad—who worked with Public Enemy and Ice Cube—

were able to produce albums that emphasized the roots of hip-hop in African American 

culture while being recognized by the mainstream industry for artistic and commercial 

success. In an interview with bell hooks (1994), Ice Cube explains his success as a matter 

of not compromising for white audiences,  

And I say it in interviews, that I do records for black kids, and white kids are 
basically eavesdropping on my records. But I don’t change what I’m sayin’. I 
won’t take out this word or that word because I got white kids buying my records. 
White kids need to hear what we got to say about them and their forefathers and 
uncles and everybody that’s done us wrong. (129)  
 

Here Ice Cube uses cultural differences strategically to the community’s advantage.  
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 At the same time, the commercialization up hip-hop continued the legacy of 

exploiting the talents of black musicians for ends of profit in predominately white-owned 

industries. This opened up many avenues for assimilation that stripped hip-hop of its 

cultural roots. Industry creations like Vanilla Ice highlight attempts to create a trading 

zone to treat hip-hop as racially neutral for white audiences by decontextualizing it from 

its socio-cultural origins. Given these nuances, McLeod (1999) studies how discourses of 

“authenticity” that surround the hip-hop industry were used to resist these forms of 

assimilation and identify those who were part of the white hegemony. This struggle 

persists into the 21st century not only in the music industry but also in CS education to a 

smaller degree.  

3.3.2 Assimilation in Computer Science Education  

Scratch is an introductory visual programming language developed by a team at the MIT 

Media Lab, led by Mitchel Resnick. It is made up of blocks that users drag, drop, and 

snap together in a scripting panel to construct code for animations, games, graphic 

designs, and more. Instead of requiring the syntax of typed out code, Scratch uses these 

blocks to ease students’ frustrations as they create scripts and debug the code to meet 

their desired outcomes. Since Scratch 2.0 was released in 2013, there has been a blurring 

between coding activities and a community site where youth upload their projects for 

others to view, play, and remix.  

 This process of remixing is central to the goals of Scratch as educational software, 

so much so that Scratch is named after DJs in the hip-hop culture who appropriate and 

remix existing music (Kafai and Burke 2014). The term scratch “refers to a vinyl 

recording whose playback has been altered by hand in order to produce rhythm” 



 75 

(Goldberg 2004). While this connection appears to be an exciting opportunity to inspire 

African American students’ interest in CS, references back to hip-hop in Scratch are 

highly diluted. The most striking example to consider is Scratch’s signature icon, 

“Scratchy” the orange cat (See Figure 3.1). While easily removed and replaced by users 

in the actual software, Scratchy appears each time a new project is started, in addition to 

appearing as a guide in tutorials and user resources. Even though it is common to refer 

back to hip-hop DJs when explaining where the software acquired its name, this reference 

has been toned down to the point that the origin story can be easily missed or forgotten. 

Scratchy the cat does not help since “scratch” can be read in reference to the character’s 

claws. Here, African American culture is diluted by Scratchy—as an icon for CS—to the 

point that it does not necessitate a reference back to scratching records in hip-hop culture.  

 

Figure 3.1. Scratchy the orange cat made out of LEGOs at the MIT Media Lab 

 The history of African American music and the recording industry includes many 

attempts to bring together white audiences with blues and hip-hop in ways that can 

weaken their associations with African American communities. It is, in other words, a 

history of erasing the origins of a source of cultural capital in order to encourage its sale 

and acceptability to white audiences. I have identified this as assimilation. Similarly, 

Scratch has assimilated the cultural practice of scratching records together with 
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programming such that the activity no longer appears as a trait of the hip-hop community. 

I suspect it is for the same reason: a desire to reap the benefits of its cultural capital, 

without risking any alienation from white audiences.  

 This is not to say that creoles should never be created. Eventually, through record 

companies like Def Jam and Bad Boy, the African American roots of hip-hop became 

part of the mainstream, and artists like Vanilla Ice no longer made the same kind of sense 

as part of industry strategies. This new creole trading zone between hip-hop and the 

music industry was not imposed from outside pressures but drew on the strong 

connection between local communities and the hip-hop culture. CS education does not 

have the benefit of these cultural roots. While Eglash (1999) makes a convincing case 

that the binary code that is essential to modern computing has origins in divination 

systems of West Africa, this history is rarely known or discussed in CS. Given this lack 

of a grounded community, how might CS education research move forward to create 

trading zones that bring programming and culture together without smoothing over and 

diluting cultural differences through assimilation? In the next section I will propose using 

ethnocomputing as a strategy for creating pidgin trading zones that maintain cultural 

differences between African American communities and CS. The goal is not to 

discourage the creation of a creole but highlight the importance for creating a polyglot of 

trading zones for CS education.  

3.4 Ethnocomputing  

During the 2013-2014 school year, I helped to run a STEM after school program in an 

urban Upstate New York public middle school. As part of this program, a teacher, a 

software developer, and I used a variety of ethnocomputing applications called 
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“Culturally Situated Design Tools” (CSDTs). Building on ethnocomputing research that 

reveals the computational thinking embedded in culture and the cultural value embedded 

in computing, CSDTs help students explore math-culture and computing-culture 

connections through vernacular and indigenous designs (Eglash et al. 2006; Bennett 

2016). One of these CSDTs is called Cornrow Curves, an applet to teach transformational 

geometry and computer programming through cornrow hair braiding.  

 One week during the after school program, I began a Cornrow Curves lesson by 

having students explore the background section that details the historical, socio-political, 

and cultural significance of cornrow braiding. Once students had completed their research 

and shared their findings with the group, I introduced them to the Cornrow Curves 

software. Standing at the front of a 7th grade science room, I, a white male, projected an 

early Java-based version of Cornrow Curves on the Smart Board for a tutorial lesson. 

Students, mostly African American, had small laptops sitting in front of them to follow 

along as I showed them how to navigate the Cartesian coordinate system, input values to 

use the different transformations—dilation, iteration, translation, and rotation—and add 

virtual braids. I tried to be sensitive to the fact that many African American students are 

probably well aware of cornrow braiding techniques, so I prompted them to participate in 

the explanation of the software. Some did, but the most dramatic contribution happened 

after I had finished the tutorial.  

 Later that week as I walked around the room, looking over students’ shoulders 

while they played with the software, one girl, sitting in the back of the room, raised her 

hand. While this student was regularly quiet and soft spoken during after school, she 

often attended the voluntary program and participated in the majority of activities, 
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including a youth-led research project on student health and a documentary video on the 

mathematics of knitting. I walked over to her, anticipating a question about the software. 

While she was struggling with the software, she did not have a question. Instead she had 

a comment: “this is not how cornrows work” (Field Notes 11/26/14). She explained her 

background with braiding, making clear she had the expertise to critique our software; 

expertise I could learn from to improve my own understanding of cornrow braiding.  

 Some software developers and educators may view this as a design failure since 

the structure of the software did not account for the pre-existing conceptual models for a 

user-base. But this is exactly the type of interaction that ethnocomputing was designed to 

afford; creating pidgin trading zones that maintain and highlight differences between 

community-based disciplines (e.g. African American hairstyling) and CS, while also 

affirming their relationships via computational thinking. The student was able to 

recognize these differences (which will be explained below) and build on them to: 1) 

reverse traditional classroom authority where adults give knowledge and students receive 

knowledge and 2) transgress hierarchies that create demarcations between technical and 

cultural knowledges. She did this using a hybrid of local techno-cultural expertise she had 

developed, bringing braiding and computing/mathematics together in practice. 

Ethnocomputational design made this possible by limiting the meaning enough on both 

sides to facilitate trade, but not enough for each side to lose their unique identities in the 

process. The student exemplified the strength of a pidgin in CS education when she was 

able to maintain her identity as a braiding expert while learning how to use and critique 

Cornrow Curves.  

3.4.1 Trading in Design and Implementation 
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Ethnocomputing design begins with fieldwork and collaboration between researchers, 

software developers, teachers, and community members; in the case of Cornrow Curves 

the community members are hairstylists who have braiding expertise, the teachers have 

expertise in technology or math, and the software developers have expertise in coding. It 

is the job of the researcher to coordinate action between these different actors. In the 

development of Cornrow Curves this meant talking across the social worlds of 

hairstyling, software development, and education without necessarily having the 

expertise to contribute to them individually. The researcher acts as a “broker”—having 

feet in multiple social worlds to facilitate negotiation—to create points of contact that do 

not dilute cultural differences but instead limit meaning enough for all parties to come 

together (Lachney 2016). Each side—hairstylists, teachers, and developers—makes 

significant contributions and compromises.  

 Consider one compromise between the cultural fidelity of braiding, the pedagogy 

of mathematics, and the human-computer interaction fidelity of the graphical user 

interface (GUI).  As the students I often work with know—and as I learned while 

working with braiding experts—it is clear that their patterns start with small plaits (the 

series of y-shaped twists that make up a braid). Those gradually grow in size as hair is 

added and the braid continues (i.e. it embeds the concept of iterative dilation). However, 

the Cornrow Curves default braid—like Scratchy, the image that appears when you first 

launch the software—reverses the order of the construction as it occurs in the traditional 

practice by starting with a large plait and proceeding to place successively smaller copies.  

 The rationale for starting with a larger plait is two-fold. From a human computer 

interaction point of view, is easier for users to concretely visualize the location in which 
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their braid begins on the Cartesian plane, as well as its starting angle. Second, from a 

math pedagogy view, shrinking the braid uses a familiar scaling percentage such as 90%, 

whereas growing the braid requires a percentage larger than 100 (e.g. 105%). This is a 

clear example of the cultural practice giving up an element of authenticity to foster trade 

with CS and math. On the other hand, concrete visualization is not at all traditional to CS; 

it is accurate to say it is also giving up an element of authenticity to foster trading with 

braiding.   

 Some professionals might reject the claim that visualization is breaking with the 

traditional culture of CS. After all, CS is used specifically for data visualization. But that 

ignores what actually constitutes CS as an identity and “field of cultural production” 

(Bourdieu 1983). Ask a lay user how they interact with their computer and they will 

describe concrete metaphors: the old office analogy of files and folders on a desktop. Ask 

a CS professional and they will describe text inputs on a command line. This is the 

difference between a web-authoring tool versus raw HTML or GitHub GUI verses 

GitHub command line.  

 Abstraction—the processes of allowing contextual details to be dealt with at a 

lower level of the technology, while the human deals with a simplified upper level—has 

long been a hallmark of CS problem solving. The first digital computers used binary 

numbers or “machine code.” Assembly languages replaced machine code with more 

human readable symbols. For example, the machine code 00000101, which causes the 

central processing unit to subtract (“decrement”) a number from the storage spot 

“registrar B” would be represented in assembly language as “DEC B.” By the time a user 

has told the computer that the number to be subtracted is 1 and where to put the 



 81 

difference, three lines of code have been written. Further abstraction in a programming 

language allows a single line of code: 5-1=4. The user does not have to deal with where it 

stored the original value, puts the new value, what to do as storage space is used, and so 

on—all that is abstracted away. Today’s programming languages often call on code 

libraries in which thousands of lines of code are represented by a simple call to a function 

or file. For example, in Windows the dynamically linked library (DLL) file GDI32.DLL 

contains functions for drawing graphics, displaying text, and managing fonts. 

 These examples describe instances where abstraction is helpful in terms of 

computing power and generalizability. However, I contend that there is a need to make a 

distinction between the functional abstraction in the examples above, and what might be 

called its cultural aesthetic in CS education. Figure 3.2 is a typical example of a nested 

loop found in the programming language Processing. The outer cycle shown here moves 

along each position change in height; the inner loop renders the image of squares 

arranged in a row at the specified height. In the functional sense, there is nothing more 

“abstract” about showing a Cartesian grid of squares than showing a Cartesian grid of 

circular Native American beads. But in a cultural aesthetic sense, many CS educators 

would assume that the grid of squares is more abstract, and somehow better matches what 

children need to become CS professionals.  

 Why are we prone to conflating functional abstraction and cultural aesthetic 

abstraction? Consider two social contexts: in one, a white middle class student asks about 

applications for figure 3.2, and I say that the squares are like a floor plan when you have 

someone remodel the tiles in your kitchen. In the other, a Native American student asks 

about applications for a grid of circles, and I say “think of the thousands of different 
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patterns familiar to any Native American beadworker.” The squares seem more abstract 

and generalizable to most of us because most people spend little time making bead 

patterns.  

 Lachney et al. (2016b) identify the claim that the grid is pedagogically more 

appropriate for CS as “content agnostic” software design: “designers must, throughout 

the software development process, remain ‘agnostic’ as to the content that learners will 

create” (para. 1). Two features are at work here. First, the social context of floor tiles 

provides an unspoken assumption about a shared cultural background. Second, this 

conflates the cultural aesthetic of abstraction with functional abstraction. Both errors 

diminish the diversity of available pathways for CS engagement. 

  In contrast to the nested loops in figure 3.2, figure 3.3 shows an equally “abstract” 

(in the functional sense) nested loop in the GUI of Cornrow Curves. The output of four 

braids with twenty-five plaits each is concretely connected to local knowledge in African 

American communities. The design of Cornrow Curves is “content aware”: “educational 

software is designed to provide students with a kind of ‘value added’ orientation or 

balance” (Lachney et al. 2016b, para. 29). I refer to this as “interests-driven” design. 

While all design includes social interests, the term “interests-driven” indicates an effort to 

make these more visible, deliberate, and responsive to the needs and values of the 

community of users. The values added in this case are the interests of cosmetology and 

natural hair braiding, which have entrepreneurial (Wingfield 2009) and political (Gill 

2010) significance for African American women and their communities.  
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Figure 3.2. Processing example of a nested loop 

 

Figure 3.3. Cornrow Curves example of a nested loop 

 While some educators worry that aesthetically contextualizing CS will limit the 

possibility for students to transfer that knowledge to other domains, giving up some 

aspects of abstraction creates the possibility to both diversify who enters the field and 

also diversify the output of what is considered relevant to CS (Eglash et al. 2017). This 

output proves most valuable for creating what we might call “physical pidgins” – in this 

case the materialization of trading zones between classrooms and salons, by which 

students are able to trade the techno-cultural knowledges of CS and braiding.  
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 For example, during the design and development of the JavaScript version of 

Cornrow Curves the CSDT team began working with Angela,4 an African American 

entrepreneur and hairstylist in Upstate New York. Twice during 2016 Angela helped 

introduce students to the computational thinking involved in cornrow braiding by using 

physical braiding techniques on mannequin heads (see Figure 3.4). This 

ethnocomputational variation of “CS Unplugged”—“communicating some of the great 

ideas of computer science without requiring students to use a computer” (Bell and 

Newton 2013, 66)—has been called “CSDTs Unplugged” (Bennett et al. 2016). At a 

workshop with an Upstate college, Angela helped students learn about the computational 

thinking of good braid designs using materials from her salon (e.g. mannequins, combs, 

etc.). This was followed by students making designs in Cornrow Curves, voting on the 

designs that best fit the criteria for good braids, and then 3D printing (see Figure 3.5) the 

winning design. The majority of students’ designs were later 2D printed and displayed in 

Angela’s salon. 

 
Figure 3.4. Angela introduces a group of students to braiding techniques in context of a 

CS and mathematics summer workshop 

                                     
4 To protect my informant’s identity Angela is a pseudonym.  
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Figure 3.5. 3D printed mannequin head with the winning Cornrow Curves design 

 Once we eliminate the confusion with aesthetic abstraction, it should be clear that 

CS does not have to give up any functional abstraction when contextualized by the 

computational thinking embedded in cornrow braiding. The added value in 

implementation is that the diversified interface also diversifies the entry points for people 

to engage CS. From the educational side, students that might normally be alienated from 

computing can find engagement; from the beautician side, computing concepts can enrich 

their discourse and lower barriers to cosmetology students’ engagement in CS.   

 I envision the relationship between the two physical pidgin trading zones of salon 

and classroom as a kind of feedback loop through a shared commons; what Eglash et al. 

(2017) call “generative justice.” There are of course shallow versions of culture-based 

education: the coconut example referred to previously, changing skin color of characters 

in educational games, etc. In such cases, the cultural materials are typically there to lead 

students away from culture, to the “real” math or computing. Generative models like 

ethnocomputing, in contrast, have “recursive depth” (Banks 2016) in which value 

circulation can lead to innovations in synthesis: in the case of cornrows the move from 

single braids to a “braid block” that can be dragged and dropped into a visual script; 

exploration of increasingly complex styles; and 3D printing.  
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The traditional diversity model that uses the metaphor of a “leaky-pipeline”—

where underrepresented students leak out at different points on their ways to the CS 

workforce—fails to account for much of the problems with CS that produce 

underrepresentation in the first place, not least of which includes processes of 

assimilation imposed by positions of neutrality that alienate students from school 

structure and curriculum. As opposed to the linear pipeline model that extracts value from 

underrepresented communities for a global workforce, generative justice replaces 

extraction with recursion by identifying and strengthening opportunities for CS value, in 

its many forms, to circulate among the underrepresented communities where it was 

produced.  

3.5 Discussion   

Cornrow Curves can be described by what Hess (2016) calls “design from below.” 

Building on Harding’s (2008) concept of science from below, design from below starts 

with the “awareness of the different perspectives that are associated with structural 

inequality can lead to innovations that provide new approaches to everyday products and 

built environments,” including education (Hess 2016, 86). Quasi-experimental results of 

other ethnocomputing applications suggest that design from below not only includes 

community members in implementation but may also result in higher academic 

achievement among students (Eglash et al. 2011; Babbitt et al. 2015). While this type of 

innovation is important to recognize it must be balanced with potential dangers of a non-

neutral approach.  

 Proposing a non-neutral approach to CS education researches’ use of trading 

zones reveals two dangers that were identified by Svedin and Bälter (2016) in the context 
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of gender underrepresentation. Re-contextualizing them in terms of race might be 

articulated as: 1) CS education researchers may assume research results are due to innate 

differences between students of different backgrounds, and 2) anti-racist researchers may 

essentialize race as a singular research interest. While Svedin and Bälter overcame these 

issues through a design position of neutrality, ethnocomputing is also able to navigate 

these dangers by highlighting cultural differences.  

 In the US the first concern is primarily perceived as “genetic determinism,” a 

position perpetuated by scientific racism that claims whites have superior intelligence 

compared to people of color (Gould 1996). Despite the fact that research since the 1960s 

show that black/white IQ differences are due to environmental factors not genetics 

(Eyferth 1961; Arcidiacono et al. 2011), prominent scientists, such as Nobel Prize winner 

James Watson, continue to perpetuate this myth in the 21st century (Milmo 2007). 

Ethnocomputing offers a strong challenge to myths of genetic determinism by drawing on 

non-Western examples of indigenous and vernacular knowledges in the development of 

CSDTs. Resisting primitivist representations of non-Western cultures as “simple,” 

Cornrow Curves—through a mix of background information and design features—

provides a counter to the idea that math and computing are European inventions by using 

the complex relationships of African and African American material cultures and 

epistemologies as sites for computational innovation (Eglash et al. 2006). The very 

framing of ethnocomputing as a design process requires that researchers assume no one 

group of people can claim superior intelligence based on histories of knowledge 

production because computing and mathematics are cultural phenomena found in a 

diversity of spatial-temporal contexts, from academic departments to indigenous 
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communities. Accounting for differences in whose knowledge is valued is not a study of 

genetics but becomes an institutional analysis of how certain groups gain power and 

suppress others’ knowledge systems.   

 The second concern regarding anti-racist scholars essentializing race is also dealt 

with in ethnocomputing by assuming students’ culture and identities are dynamic. In their 

discussion of the culturally responsive computing program CompuGirls, Scott et al. 

(2015, 13) use the theory of intersectionality to describe how identities and life 

experiences create dynamic pathways that “arise from situated meanings of race, 

ethnicity, social class, gender, and other socially constructed dimension variables 

informing identity.” Critical race legal theorist Crenshaw (1991, 1244) explains, “… the 

intersection of racism and sexism factors into Black Women’s lives in ways that cannot 

be captured wholly by looking at women race and gender dimensions of those 

experiences separately.” The dynamics of students’ intersectional identities can be 

represented by the design capabilities of CSDTs. While Cornrow Curves is based on the 

“heritage algorithms” of African American communities, Bennett (2016) shows how 

students in an art class creatively expanded graphical patterns. One student noted that the 

iterative dilation remaindered her of how cigarettes gradually become smaller and smaller 

as they burn, and used the algorithm to create designs that communicated issues about 

tobacco use. Another student drew connections between spider-web patterns and cornrow 

designs, creating artwork linking nature and culture. While Cornrow Curves offers 

explicit avenues for anti-racist computer science education, its design capabilities afford 

students to express their identities as dynamic hybrids that resist static racial and ethnic 
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representations. Given the opportunity, students may use Cornrow Curves to create 

trading zones that CS education researchers will be unable to realize on their own.  

3.6 Conclusion    

This chapter has explored the role that trading zones can play in the design and 

implementation of CS education that accounts for cultural differences. Previous work in 

CS education research employed the concept of trading zones to build interdisciplinary 

standards that will form a creole. However, a creole may also act as assimilation by 

smoothing over and diluting cultural differences. Ethnocomputing provides an alternative 

use of trading zones that builds on the strengths of pidgins by framing cultural differences 

as assets to build upon as opposed to barriers to be overcome. Rather than impose creole 

trading zones from the top-down, the goal is to foster pidgins that can help recursively 

generate creoles.  

 The pidgin trading zones that Angela helped to create exemplify this recursive 

metric: students may find their way to CS and cosmetology through the technology 

classroom that uses cornrow braiding or the salon that highlights computational thinking, 

increasing the opportunity for recursivity between the two. The hypothesis is that these 

ethnocomputing inspired pidgins will be “generative contexts” that attract a greater 

diversity of underrepresented students to CS while also keeping the value that these 

students produce in their local communities (Lyles et al. 2016). Lyles et al. (2016) 

explain that technology education that accounts for local knowledge can help foster the 

pre-conditions for building sustainable pathways for circulating unalienated and anti-

authoritarian forms of value between educational and community settings. If this 

hypothesis is correct then it may be possible for a creole to emerge from that context. 
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This highlights the strength of focusing on pidgin trading zones in CS education research: 

they help to create these conditions for an emergent, as opposed to imposed, creole 

alongside other forms in a trading zone polyglot. This decreases the risk of assimilation 

while also working to make the CS discipline more diverse from multiple directions.  
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CHAPTER 4*  
 

 Culturally Responsive Computing as Brokerage:  
Toward Asset Building with Education-based Social Movements 

4.1 Introduction  

Politicians often advocate for “whole system” education reform. In the context of the 

federal Race to the Top (R2T) contest, the U.S. Department of Education (2015) explains 

that the idea  

…was to support change, touch whole systems in comprehensive ways—not just 
isolated silver bullets—and that involved all the players in a state, from teachers 
and principals to district leaders, community partners and ultimately, the 
governor. We didn't care at all about politics, we did care about courage and 
collaboration. 
 

Yet, courage and collaboration are anything but apolitical in the age of high-stakes testing 

that R2T has reinforced. The courage a math teacher has to collaborate with a community 

partner may come at the expense of less preparation time for state tests, which affect 

teacher evaluations and school funding. High-stakes testing, the corporatization of 

education, and other efforts to centralize decision-making processes have distanced many 

US teachers from school resources and students’ communities (Schneider 2015). These 

conditions inhibit the development of whole systems where community partners, school 

employees, students, and state officials come together on equal terms to make decisions 

about education. The exclusion of teachers, parents, and other community members from 

educational decision-making has been especially detrimental for low-income 

neighborhoods where high-stakes testing has resulted in school closures (Au 2009) and 

                                     
An version of chapter has previously appeared as: Lachney, Michael. 2016. “Culturally 
Responsive Computing as Brokerage: Toward Asset Building with Education-Based 
Social Movement.” Learning, Media and Technology DOI: 
10.1080/17439884.2016.1211679. 
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for underrepresented students who suffer from failing educational infrastructure due to 

deindustrialization and cuts in social welfare (Lipman 2011).  

 Culturally responsive education offers one means of addressing the lower 

performance and interest of underrepresented students through a whole system model. In 

its trivial forms, it merely changes the skin color of media characters or dresses up 

standard word problems in ethnic garb. But for the purposes of this chapter I will refer 

only to the cultural approach in its mode of deep reform: in particular “translating” the 

heritage practices like beadwork algorithms or vernacular knowledge like graffiti curves, 

into corresponding math and computing classroom concepts. This approach has been 

positive for both students’ academic and social development. Lipka et al. (2005a; 2005b) 

found that when Yup’ik elders were involved in curriculum and lesson development, 

native Alaskan students showed statistically significant improvement over non-culture-

based lessons. As part of a reform effort to improve computer science education in 

underrepresented communities, Ryoo et al. (2013) detail how a student-led research 

project that combined computational thinking with cultural identity enabled a student to 

pursue the study of computer science by drawing on her Mexicana heritage. In a 

controlled quasi-experiment, Eglash et al. (2011) show how culturally responsive 

technologies that combine African American students’ heritage with computing 

education can improve post-test scores. While culturally responsive education provides a 

pathway for community knowledge to enter schools, these approaches are generally 

focused on reforming lesson content.  

 Another whole system strategy to address the lower performance and interest of 

underrepresented students is by making improvements to school and neighborhood 
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infrastructures; of particular importance are communities that achieve a voice in bottom-

up decision-making by partnering with teachers and unions in social movement building 

(Anyon 2014). In 2012, the Chicago Teachers Union strike successfully challenged the 

city government’s plans for school privatization because of community support for the 

union’s commitment to democratic school governance (Uetricht 2014). In 2016, after a 

community supported teacher “sick-out” to protest crumbling school infrastructure, the 

Detroit Federation of Teachers filed a lawsuit against Detroit Public Schools over 

parents’ concerns about the health risks to students in schools with black mold, rodent 

infestations, below freezing classrooms, and other deplorable conditions.  

 Despite clear examples of the efficacy of both culturally responsive education and 

social movement building as means for reducing barriers to the success of 

underrepresented students, these approaches are relatively rare. My thesis is that we can 

create a “symbiosis” of the two, arranging them as mutually reinforcing ways to bring 

community members into educational decision-making and education—in particular math 

and computing—to better address challenges faced by the community. The lack of 

symbiosis between cultural education and social movement reform is a missed 

opportunity. Without culturally responsive education, teachers involved in social 

movements are left with traditional and often times culturally irrelevant curriculum, 

which weakens community support for political pressures on district, state, and federal 

decision-makers to restructure their schools. Conversely, without social movement 

building there are few avenues to confront the underlying problems of economic access 

in underserved communities. If communities suffer from a lack of economic 

development, environmental protection, and underuse of students’ cultural capital then 
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professional development, curricular innovation and pathways for culturally responsive 

education become difficult and resources are more likely to fall out of use.   

 While there are many ways to develop this symbiosis, I will focus on the potential 

of the “culturally responsive computing” (CRC) framework (Pinkard 2001; Eglash et al. 

2006; Eglash et al. 2013; Scott and White 2013; Scott et al. 2015). CRC offers a bridge 

between the two due to its explicit focus on socio-technical asset building to the benefit 

of both schools and communities. Here, assets refer to a mesh of social and technological 

formations that make up students’ “personhood, communities, background, and families” 

(Scott et al. 2015, 3). In some cases CRC might emerge as technologies for social and 

cultural critique: using “web-GIS” to investigate the intersections of air quality and health 

across different socio-economic communities (Maclachian et al. 2007) or hacking 

robotic-toy dogs to “sniff” out pollutants in neighborhood soil (Jeremijenko 2002). Other 

times, CRC might be a form of amelioration: working with young women to develop a 

Zambian Women’s Rights mobile app (Buolamwini 2013) or blending computer science 

education with wooden Ghanaian craft work to support the sustainable tree harvesting 

practices of indigenous communities (Lachney et al. 2016a). In the cases I review below, 

the primary concern is with the role of building assets to innovate pathways that make 

students' cultural capital more fungible between schools and communities.      

 CRC as a brokerage strategy not only places socio-technical assets at the center of 

learning but also at the center of where schools and communities collaborate to their 

mutual benefit. It changes the meaning of “culturally responsive” from sugar-coating 

math and computing lessons—a kind of “bait and switch” trickery—to a profound 

meaning for two-way exchange: helping technology and math teachers develop the 
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means for supporting the goals of community members and allowing community 

members to recognize a vision for how the goals of teachers and their unions can be 

aligned with their own. The following sections begin by showing how brokered 

relationships between schools and communities have offered new opportunities for 21st 

century social movement building by teachers’ unions. Next, I introduce CRC as an 

appropriate framework for sustaining school-community connections through mutual 

asset building. Finally, I describe two on-going case studies for the design and 

implementation of CRC educational technologies to illustrate how new types of school-

community connections can expand the potential for social movement building in US 

education.   

4.2 Teachers’ Unions and Brokerage  

The concept of brokerage has been used across education in different ways, but it 

generally locates a person or organization as having a foothold in two or more social 

worlds to act as a bridge between them. “Cultural” brokerage has been a strategy used by 

teachers to act as a bridge between school systems and indigenous or minority 

communities, while negotiating unequal power relationships in education that arise from 

colonialism, racism, and other social conditions (Lipka et al. 1998). Another strategy, 

“learning” brokerage has been used by parents and mentors to connect young people with 

learning opportunities that bridge communities with school and after-school using digital 

culture and technologies (Barron et al. 2014; Nacu et al. 2014). Most concerned with 

social movement building, “bicultural” brokerage has been a strategy where teachers 

connect educational justice to the economic justice goals of the communities where they 

work (Anyon 2014). Each one of these forms of brokerage offers opportunities to enrich 



 96 

young people’s educational experiences: creating math and science lessons through 

students’ cultural heritage; offering young people opportunities to develop digital 

literacies within their own community settings; and improving schools by advocating for 

economic justice in underserved neighborhoods. While they may differ in ends, the 

common means of school-community connections via brokering has allowed educators to 

mix-and-match these strategies in ways that bridge cultural, technical, political, and 

educational domains.  

 One common issue that has prompted the brokering of school-community 

connections is the primacy of standardized tests in teacher assessment and school 

funding. This is called “high-stakes testing” and it is implemented in two simultaneous 

ways: 1) Standardized tests as technologies that are used as tools for measurement; 2) 

Policies that connect “high stakes” issues such as Title I funding, salaries, and tenure to 

standardized test scores (Au 2009). Historically, standardized tests have been used as a 

way to address fairness in the face of racism perpetuated by individual teachers and 

school segregation (Jones 2014), yet today they tend to be designed with a white middle 

class bias (Lewis 2012) and contribute to the structural racism that accompanies 

deindustrialization and cuts in social welfare (Lipman 2011). Educator-activist Jones 

(2014, 74) explains that these tests are “not a measure of fairness or of justice or 

redistribution but actually meant my students spent even less time working with the 

resources they did have.” The high-stakes of standardized tests have limited teachers’ 

ability to use their own school resources effectively. Instead of creatively using school 

resources, teachers prioritize those resources that couple well with test preparation. This 

has led Hagopian (2014) to label the current state of education as “testocracy”: the 
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prioritization of students’ test taking abilities above all else. Testocracy has been a theme 

in US education for some time but its current incarnation began with the 2002 federal No 

Child Left Behind Act under the Bush Administration and continued as the Obama 

Administration’s R2T contest.  

 Social movement building has become popular among teachers who want to 

leverage the power of their union to stand with parents and communities against 

testocracy. A powerful example of this is when the New York State United Teachers 

supported the “Opt-Out” movement, which, in 2014, brought about the passage of the 

Common Core Parental Refusal Act. By 2015 the Act allowed over 155,000 children to 

“boycott” the state English test (Matthews and Thompson 2015). The movement 

continued in 2016 when Betty Rosa, former Bronx superintendent and Opt-Out advocate, 

was elected to the New York Board of Regents due in large part to parent-led efforts 

(Spector and Campbell 2016). In New York and around the nation, the Opt-Out 

movement brought parents, students, administrators, community members, and teachers 

together as educational stakeholders who had serious questions about how high-stakes 

testing should be connected to federal funding, teacher evaluation, and ultimately student 

success.  

 Teachers who engage in social movement building in their unions often intersect 

with larger struggles by workers and people of color towards economic and racial justice. 

Indeed, social movement unionism differs from the “service” model due to its focus on 

social issues that exist beyond union membership; but it also differs from “social justice” 

unionism with its focus on changing the internal structure of the union to be more 

democratically organized (Weiner 2012). The Chicago Teachers Union (CTU) has 
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become one of the most important leaders in addressing economic and racial inequalities 

through positioning the union as a social movement in and of itself, which focuses on 

internal democracy and brokering school-community connections (Jobin-Leeds and 

AgitArte 2016). When the United Progressive Caucus, the old CTU leadership, was 

unwilling to confront many of the economic and racial inequalities in Chicago 

neighborhoods and schools, union membership elected the social justice oriented and 

democratically minded Caucus of Rank and File Educators (CORE) to CTU leadership in 

2010.  

 These changes took place in the context of a national shift in which federal, state, 

and city administrations hypothesized that the privatization of public resources—

specifically replacing public schools that had low test scores with charter schools that 

were privately run—would address the low success rate of underrepresented students. 

However, the bulk of the outcomes have been to the contrary. Selection policies of 

charter schools allow the filtering-out of low-scoring students (Institute on Metropolitan 

Opportunity 2014), which can result in significantly smaller percentages of economically 

disadvantaged students, English Language Learners, and special education students 

(Weber and Rubin 2014). What appeared to be improvements were actually just shifts in 

demographics, leaving lower-performing students in less-resourced public schools. It was 

with this understanding that Chicago teachers began to broker school-community 

connections that ultimately allowed them to challenge city-wide neoliberal education 

reforms in a 2012 strike. 

 To promote social movement unionism, the new CORE leadership took pay cuts 

and democratically restructured the union to include rank-and-file members in more 
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decision-making processes. CORE was vocal about the underlying racism of Chicago’s 

neoliberal reforms that, based on evidence elsewhere, would likely result in similar shifts 

of resources away from the most vulnerable populations (CTU 2012). The union 

developed relationships with community organizations already engaged in grassroots 

movements against school closures. For example, the CTU helped community 

organizations file Title VI civil rights complaints with the Department of Education on 

the closure and turn-around of schools in black and Latino/a neighborhoods (Uetricht 

2014, 108). CTU President Karin Lewis5 describes how brokering these relationships 

between schools and communities provided a supportive base for the 2012 strike against 

school closures: “There has never been a teachers’ strike in which the parents 

overwhelmingly approved of it. It’s just unheard of… It was all about having 

relationships with people in the community so that they supported us” (quoted in Jobin-

Leeds and AgitArte 2016, 38). Indeed, a historical look at teachers’ strikes in the US 

reveals that when they lack community support, such as in the 1974 teachers’ strike in 

Hortonville, Wisconsin, they are likely to be defeated (Burns 2014). This shows how 

brokering school-community connections is part of the foundation for social movement 

building against high-stakes testing and neoliberal policies, a foundation that I argue 

CRC can help build.   

4.3 Culturally Responsive Computing as a Brokerage Strategy 

According to Bourdieu (1986), cultural capital is transmitted from adults to children in 

the form of knowledge and skills needed to do well in the dominant structure and 

                                     
5 As CTU president, Karin Lewis established such widespread community support that 
she considered running for mayor against Rahm Emanuel before personal health issues 
prevented her from pursuing a campaign (Pearson et al. 2014).  
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curriculum of schooling. In the US the cultural capital that is embedded within school 

structures and technology curricula is predominantly that of the white middle class 

(Apple 2006; Margolis et al. 2008). For example, Delpit (2012, 53) explains how early 

childhood curriculum puts underrepresented and low-income students at a disadvantage 

since, “What we call “basic skills” in literacy are typically the linguistic conventions of 

middle-class society and the strategies successful people use to access new information.” 

Alternatively, Scott et al. (2015, 16) argue that CRC can directly challenge dominant 

forms of schooling by measuring technological success with the questions of “who 

creates, for whom, and to what ends rather than who endures socially and culturally 

irrelevant curriculum.” Instead of creating distance between students’ communities and 

computing cultures, CRC places young people’s community-engaged innovation with 

technology at the center of educational research and practice. In addition, CRC provides 

students with deep and diverse understandings of heritage and vernacular culture within 

the context of technology education (Eglash et al. 2013).  

 As a brokerage strategy, CRC aims to address the possibilities of sustaining 

strong school-community connections with an explicit focus on asset building. This focus 

has roots in the essentials of culturally responsive teaching (CRT): “reflection, asset 

building, and connections” (Scott et al. 2015, 3). CRT is a pedagogic approach that 

challenges the deficit model of education where students’ communities and heritages are 

seen as barriers to learning (Gay 2010). Within the deficit model, students are expected to 

take on the dominant cultural capital of a given social system at the expense of deepening 

their understanding of community and family assets, which may have explicit or implicit 

connections to school subjects such as math and computing. Alternatively, CRT aims to 
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strengthen the assets that already exist in communities by training teachers and 

researchers to be reflective about their own social positions of power in relationship to 

students’ cultural contexts (Ladson-Billings 1995; Mukhopadhyay et al. 2009). To 

develop the capacity for being reflective, Scott et al. (2015) explain that teachers must 

connect to students and their communities in non-traditional ways. To achieve this, 

teachers must have available pathways to and from communities that their schools might 

not provide the resources to support. Teachers may need to become involved in 

neighborhood events, social organizations, and other activities that provide connections 

and insight into the lives of their students. Institutionally non-traditional pathways are not 

always straightforward and, therefore, may appear non-linear and multidirectional in 

practice. CRC as a brokerage strategy illuminates how non-linear and non-traditional 

school-community connections can facilitate socio-technical asset building.   

 Creating non-linear pathways towards building socio-technical assets requires that 

teachers and community members engage each other from multiple directions. There are 

many institutionally traditional ways that teachers and community members interact. 

Parent-Teacher Associations (PTAs) allow parents to interact with teachers and staff to 

make decisions about school events and policies. As detailed above, teachers’ unions can 

leverage their political power as public employees to put pressure on government to 

address the political and economic concerns of communities. In Figure 1, these 

institutionally traditional school-community connections are represented as the 

bidirectional arrow between “Schools and Teachers” and “Communities.” While 

mechanisms for sustaining these connections may act on the classroom at a distance, they 

are often not directly part of the teachers’ classroom practices. CRC as a brokerage 
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strategy addresses this issue of sustainable connections by offering non-traditional 

pathways for teachers and community members to engage each other in socio-technical 

asset building. CRC brings community knowledge and skills that might not be 

traditionally thought of as educational, and might even be viewed through the deficit 

model as a barrier, to classroom practice.  

 CRC begins with parents, working people, local business owners, researchers, 

mentors, and other educational stakeholders identifying community assets that are 

culturally relevant, non-taboo (e.g. sacred items are often off-limits), and potentially 

relevant to the curriculum. For example, Lipka et al. (1998) describe how Yup’ik elders 

helped educators identify traditional fishing processes (i.e. catching, cleaning, and 

storing) that are culturally and economically important to their communities. Elders 

worried that these traditional fishing processes were not being passed down to younger 

generations and saw their collaboration with educators as a way to preserve Yup’ik 

knowledge and skills. This relationship lays the ground work for mutual socio-technical 

asset building: community members identify those assets—in this case traditional fishing 

processes—that they want help building and look to educators and researchers to support 

asset building through curricular connections. In Figure 4.1 this relationship is 

represented as the bidirectional arrow between “Community Assets” and “Communities.” 

To accomplish mutual asset building, teachers must then find a way for the community 

asset to meet curricular content. In the Yup’ik examples, this meant that teachers had to 

work with elders to negotiate the contradictions between Yup’ik fishing as a socio-

technical asset and the demands of school curriculum and pedagogy. Together, teachers 

and elders realized that fish are stored in a series of adjacent shapes with no gaps or 
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overlaps, what is known in mathematics as tessellation. Figure 4.1 represents this 

negotiation as the bidirectional arrow between “Community Assets” and “Schools and 

Teachers.” 

 

Figure 4.1. A flow-chart to represent CRC as a brokerage strategy 

 Ultimately, these negotiations motivate teachers to engage community members 

from multiple directions. Teachers and community members can still engage in more 

traditional ways, through the PTA or teachers’ unions, but CRC as a brokerage strategy 

also motivates non-traditional pathways for asset building. This widens the range of 

possibilities for who can participate since an elder, for example, who may not feel 

comfortable on the PTA but is known for her fishing knowledge, can now use that 

expertise to help shape curriculum. The culturally responsive knowledge and skills, when 

blended with school content by teachers, can then be returned to the community through 

sharing those skills and knowledge with students in the classroom. This allows for asset 

building in classrooms and creates, though does not guarantee, the conditions for elders 

and other community members to asset build as part of more traditional school-

community connections. 
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  But what does this full brokerage strategy look like in practice? In the next 

sections, I will explore two case studies of “Culturally Situated Design Tools” (CSDTs) 

to further clarify how CRC can foster school-community connections through traditional 

and non-traditional pathways. CSDTs do not directly support social movement building, 

but instead they are used to show how school-community connections can be sustained 

through mutual socio-technical asset building. I will explain how CSDTs are designed to 

facilitate CRC before showing examples for where their implementation does and does 

not support the brokering of school-community connections. 

4.4 Culturally Situated Design Tools Part 1: Design for CRC 

CSDTs are a set of CRC applications6 that bring together ethnocomputing research with 

the design of “open-ended” visual programming environments (Babbitt et al. 2012). As 

described by Eglash et al. (2006), CSDTs are designed to highlight the computational 

thinking that already exists as cultural capital in underrepresented students’ communities; 

that is, to make cultural capital more “fungible.” In this section, I will detail the design of 

one CSDT, Cornrow Curves, to explore how socio-technical assets (i.e. the skills and 

knowledge of cornrow hair braiding) can be built collaboratively between teachers, 

technologists, and hair braiders.  

 Unlike other “ethnoscience” disciplines such as ethnobotany and ethnomedicine, 

ethnocomputing is not restricted to moving from culture to science, but also considers the 

reverse direction in which there is a cultural construction of Western technology (Tedre 

and Eglash 2008). However, in most educational applications it is largely focused on 

                                     
6 A suite of CSDTs can be found at community.csdt.rpi.edu. This website not only allows 
students to utilize design tools but also comment and remix other designs made public on 
the CSDT community website.  
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bringing “formal” technical elements from computer science together with the “informal” 

technical elements of indigenous and vernacular design (Eglash et al. 2006; Kafai et al. 

2014; Babbitt et al. 2015; Searle and Kafai 2015). Ethnocomputing research looks at the 

physical and epistemological relationships of data structures (the organization and 

modeling of information) and algorithms (manipulating data structures) in craft 

production, tool use, art, games, rituals, and other realizations of “computational 

participation” – that is using computational thinking to participate in social networks and 

communities (Kafai and Burke 2014). While computational participation is most often 

associated with communities that use digital technologies, ethnocomputing extends the 

concept to include a wide range of other activities from “party tricks” (Bell and Newton 

2013) to the stamping of indigenous textiles (Lachney et al. 2016a). 

 With an explicit focus on community context, CSDTs challenge the “content 

agnostic” design process of visual programming environments such as MIT’s Scratch 

(Lachney et al. 2016b). The design assumption underlying content agnostic educational 

technologies is that they should act like an empty container or blank canvas so that 

individual interests drive students to become producers of media instead of consumers. 

However, the idea of “turning students from consumers into producers” is complicated by 

the fact that many Scratch projects are reproductions of commercial content. For 

example, Richard and Kafai (2016, 4) explain that, “a simple search of the Scratch 

archive for the popular video game ‘Doom’ will find hundreds, if not thousands of 

different programs created and posted by Scratch members while a search for American 

Indian content will result only in a handful of projects…” To challenge this basin of 

attraction towards commercial content in favor of culturally responsive content, CSDTs 
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use a “content aware” process where community assets are designed into the software 

itself (Lachney et al. 2016b).  

 The content aware design of CSDTs begins with fieldwork and collaboration. In 

the case of Cornrow Curves, researchers first interviewed cornrow hair braiders and 

learned how to make braids. Data from this collaboration helped them see the underlying 

mathematical and computational thinking involved in cornrow braiding (Figure 4.2) from 

the perspective of a professional rather than imposing an outsider’s view on the material 

practice. For example, trial and error experimentation for the parameters that create a 

braid of a particular shape fit the traditional experience of apprenticeship; the emphasis 

on scaling patterns matches both the braiders’ sense of aesthetics and the mathematicians 

definitions for fractal geometry (Eglash et al. 2006, 350).  

 

Figure 4.2. A professional hairstylist (right) teaches a researcher (left) to braid 

 Technologists, teachers, and hair braiders each have areas of expertise, but a true 

collaboration requires some effort to “translate” between respected vocabularies and 

conceptual frameworks. Each is required to confront the “problem of extension” head-on 

(Collins and Evans 2007). This problem states: “how do we know how, when, and why to 
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limit [and include] participation in technical decision-making so that the boundary 

between the knowledge of the expert and that of the layperson does not disappear” 

(Collins and Evans 2007, 10). In the context of Cornrow Curves, the problem of 

extension should be applied symmetrically to the expertise involved in the “whole 

system” of technical decision-making around software design, cornrow braiding, and 

curricular implementation. This includes some reflection on the intersections between 

adults’ authority, school contexts, and students’ culture. Too often technology discourses 

of student-centered learning disempower teachers (Selwyn 2014), suggesting they can 

talk about learning while not participating as learners in the classroom (Lachney 2014). 

Furthermore, teachers and technologists who continue to work in the deficit model are 

likely to overlook the important role that community expertise can play in math and 

computing education.  

 Once fieldwork and collaboration are complete, the results are embedded in a 

variety of materials: a website to provide cultural background information, lesson plans, 

and in particular the Cornrow Curves software. Here developers “translate” what they 

have learned from hair braiders, along with advice from teachers on what will be the most 

effective representations for students, into a graphical user interface (GUI) and a set of 

functions and behaviors (Babbitt et al. 2012). The interface (Figure 4.3) is designed so 

that students can drag, drop, and snap code blocks together into a script. This coding style 

was originally developed in CMU’s Alice and later adopted by MIT’s Scratch to 

eliminate the frustration of syntax rules for children.  

 Each feature of the software is a compromise between three motivations: cultural 

fidelity to the original design practice; pedagogical fidelity to the standard curriculum; 
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and human-computer interaction fidelity to the user experience of students. For example, 

hair braiders will often make designs symmetric along each side of the head, which maps 

nicely to the symmetry of the Cartesian plane across the Y-axis. An orthogonal line of 

symmetry is far less common in hairstyles, but it would make this less useful as a 

teaching tool, and more difficult from a user experience perspective, if we did not include 

both axes of the Cartesian plane. Thus the “go to x: __ y:__” blocks appear in the script 

shown in Figure 3. In addition to such absolute positioning (e.g. “the second braid on the 

left”) hair braiders will often use relative positioning (e.g. “each plait will be a little 

smaller than the one that came before it”). In Figure 3 we see both: “go to” calls for 

absolute positioning and “translate by” for relative moves inside the “repeat” loop.  

 

Figure 4.3. The GUI of Cornrow Curves 

 At the same time that elements of the physical practice are compromised, its 

translation into the software makes explicit the use of African American cultural capital 

to innovate math and computing. The “move” block that originates from Scratch, for 

example, translates by the same absolute distance in each iteration, and thus creates space 

as the plaits shrink. A user could create a separate variable to scale the distance, but that 

would significantly complicate the script, as well as the learning process. It was found 
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that hair braiders and children often think of translations relative to the size of the braid, 

and thus the “translate by” block was created specifically for that purpose. The figures 

below show a comparison between the “move” block (Figure 4.4) and the “translate” 

block (Figure 4.5). 

 

Figure 4.4. A Script with a move block in CSnap 

 

Figure 4.5. A Script with a translation block in CSnap 

Another challenge was the excessive length of the scripts as more braids are added. To 

overcome this challenge a specialized block was created to blend computing with the 

cultural capital of cornrow braiding. Figure 4.6 shows an example of the “Braid” block 

with its associated graphic output. Each of its inputs corresponds to the operation of the 

loop in Figure 4.5. First students input a value for “iterations” to specify the number of 

plaits they want in their braid; “rotation” for changes of angle of each plait; and a 
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“scaling factor” to allow students to change the size of the plaits for the whole braid in 

relationship to the original size specified earlier in the script. Adding these features to the 

software serves to illustrate how community knowledge and skills can be used to 

innovate computing education more generally.  

 

Figure 4.6. Braid block and its graphic result 

 Next, teachers review the GUI and associated cultural materials to find “curricular 

fits.” “Scaling factor,” for example was “scale by percent” but teachers noted that the 

terminology of “scaling factor” was a better fit to the curriculum. The other 

transformational geometry terms—rotation, translation, scaling, and reflection—are 

likewise selected for fit to math class vocabulary. This is a trade-off with terms that might 

be more intuitive: software such as Scratch or Alice uses “move” rather than “translate,” 

“turn” rather than “rotate,” and “change size” rather than “scale.” But the logic behind 

such content agnostic systems is that students need to be convinced that computer 
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programming is very simple. Cornrow Curves, in contrast, is making the case that this 

cultural practice is not “primitive;” thus, the more sophisticated appearance can 

strengthen the socio-technical asset, helping students see “heritage algorithms” embedded 

in cornrow braiding and its relation to both global African Heritage (Eglash 1999) and 

local community knowledge (Eglash et al. 2006). In terms of Figure 4.1, this is 

represented as the bidirectional arrow between “Communities” and “Assets,” and also 

those arrows between “Assets” and “Schools/Teachers.” But the requirements for CRC 

must also include the relationships represented by the arrows between 

“Schools/Teachers” and “Communities.”  

 These connections between teachers and communities cannot be created in the 

design process alone but must extend into implementation. Cornrow Curves can bridge 

the goals of teachers and community members to foster the building of cornrow braiding 

as a cultural and educational asset, but CRC as a brokerage strategy is only fulfilled if 

collaboration takes place through the kinds of pathways that allow mutual support. These 

pathways are somewhat contingent on the relation between the content of the CSDT and 

the presence or absence of the practice in the local community. A weaving simulation for 

one textile might be used for another, while cornrow braiding cannot be simply mapped 

to other hair braiding practices. Even in communities where the cultural capital of 

cornrow braiding is represented, community members and teachers must agree to make 

sustainable alliances in order to make social movement building a possibility. 

Researchers and technologists can facilitate initial introductions, and CSDTs can 

motivate strong cultural connections between community practices and school content, 

but both teachers and community members must be committed to a relationship where 
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school practices inform community goals, and where community assets can restructure 

schools. In the next section I will explore what CRC does and does not look like at the 

critical point of fostering school-community connections.   

4.5 Culturally Situated Design Tools Part 2: Implementation for CRC  

In the spring of 2014 math and art teachers came together at the United Federation of 

Teachers’ (UFT) headquarters in New York City for a workshop on the intersections of 

cultural designs and mathematics. The workshop was sponsored by Audrey Bennett’s (of 

the Communication and Media Department at RPI) “cSELF” Google grant. At the 

headquarters, Bennett and I helped UFT math and art teachers use Cornrow Curves to 

explore African American hair braiding and transformational geometry. While the feat of 

creating a space of shared interest for teachers in the often-distant school subjects of math 

and art is noteworthy in and of itself, the workshop had a more radical goal to provide 

avenues for anti-racist education in these two types of classrooms.  

 The teachers at the UFT workshop were highly aware of how racism impacted 

their students from communities of color. It was not hard for them to see the value in 

educational technologies that highlight the cultural capital of their students, which is 

often excluded from state curriculum and standards in favor of the white status quo. One 

UFT member hypothesized that the distancing of school curriculum from African 

American cultural capital had negative effects that cut across socio-economic lines:  

I had a very bright black girl, in like, the third class. She wasn’t doing  
homework. And, it turns out she didn’t want to be caught carrying an advanced 
math book back and forth. I actually sneaked… checked out an extra book for her 
to hide… Even in an affluent suburb that was a problem. (Field Notes 05/13/14) 
 

The math teacher’s quotation helps to highlight the individual consequences of a deficit 

model of education that structurally distances African American culture from school 
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curriculum. It shows a phenomenon of “acting white,” which is studied by social 

scientists as a result of a forced choice between black identity and school achievement 

(Ogbu and Simons 1998; Fryer and Torelli 2010). This perceived choice has been 

constructed as part of a long history of scientific racism, which perpetuates the myth of 

genetic determinism that equates being a minority with having inferior intelligence to 

whites (Gould 1996). In the age of genetics, the combination of heightened racial 

specificity along with a continued emphasis on testing allows for the perpetuation of 

determinist narratives (Delpit 2012; Frank 2012), even as there has been evidence since 

the 1960s that black/white IQ differences are the result of historical and environmental 

circumstances, not genetics (Eyferth 1961; Arcidiacono et al. 2011). The myth of genetic 

determinism has had serious consequences for African American students. Studies on this 

“stereotype threat” suggest that African American students perform worse academically 

when they believe that tests scores are racially determined (Steele et al. 2002).  

 As the UFT teachers explored Cornrow Curves, they discovered that one way to 

challenge the stereotype threat is to bridge community assets with school curriculum. 

Reflecting on the racial dynamics of education is important for UFT members if they are 

to help realize whole system education reform based in school-community collaboration. 

Not only does the UFT have a historical legacy of working against communities of color 

(Burns 2014) but also it is currently criticized for being top-down in structure and 

undemocratic in leadership (Weiner 2012). Still, in the 21st century, rank-and-file 

members have organized with communities of color to fight against racial injustices such 

as New York City’s stop-and-frisk policy (UFT 2012) and the school closures created by 

the conditions of high-stakes testing (UFT 2011). In addition, Teachers Unite continues 
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to challenge service style unionism in the UFT through social justice based community-

school connections.  

 Despite clear opportunities to connect Cornrow Curves with anti-racist 

movements in New York City, the workshop provided no clear avenues for brokering 

school-community connections. But it did help to illuminate the missing components. As 

workshop facilitators, we were more concerned with making content connections 

between community knowledge and school curriculum that could be used by teachers in 

their classrooms. Framing Cornrow Curves as a means for teachers to develop 

relationships with African American community members would have required framing 

the role of the technology in terms of brokerage and developing a process to bring hair 

braiders into school curriculum and culture. This would help teachers discover avenues 

for multidirectional asset building between schools and communities.  

 As a counter example in which symbiotic, mutually beneficial asset building 

could be clearly identified, I will review a non-Western example of CSDT 

implementation, “Adinkra Computing.” The symbol stamps often imitate forms in nature: 

for example the Adinkra symbol Dwennimmen representing the idea “do not be a bully” 

shows two rams butting heads. Because they frequently use natural forms with 

logarithmic curves, they symbol set offers a profound example of indigenous awareness 

of the distinction between linear and logarithmic spirals. Thus Adinkra Computing 

introduces computer programming and logarithmic spiral geometry through simulations 

of a Ghanaian stamped cloth tradition, Adinkra. In 2014, I worked on a cross-cultural 

research team that had recently developed this software in collaboration with Adinkra 

artisans and Ghanaian information communication technology (ICT) teachers (Babbitt et 
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al. 2015). During this process we collaborated with local artisans to set up an Adinkra 

Computing professional development workshop for teachers at a junior high school 

across the street from the artisans’ studios (Bennett et al. 2016). Unlike other schools 

with which we had been working, this school infrastructure did not support 

implementation. There were too few computers for the number of teachers, let alone 

students. This revealed a major limitation: Adinkra Computing was designed under the 

assumption of 1:1 student to computing distribution. Henderson (2008) makes use of 

physical manipulatives like knots to convey computing concepts. Putting that together 

with Adinkra, the team I was working with created the “Adinkra Computing Unplugged” 

approach:  

Since there are very few computers available in the school, we created sets of 
physical blocks corresponding to virtual blocks of code that users would 
ordinarily manipulate on the screen to create an algorithm. We then had one of the 
stamp carvers create tiny versions of the stamps so that a cloth pattern could be 
recreated on paper, and asked them for a diluted ink so that this could be done at a 
low expense. (Bennett et al. 2016, 56)  
 

This solution to teaching computer programming in a low-tech school came out of 

engaging the Adinkra artisans in the production of physical manipulatives (small stamps 

(Figure 4.7) and diluted ink). Located across the street from the school, they were 

engaged in carving stamps from calabash gourds and boiling tree bark to make their own 

textile ink. The carver was asked if he could create a set of miniature stamps (Figure 4.7) 

for use on paper, and they kindly provided a batch of their ink, diluted to keep the cost 

low. One generative benefit is ecological fit: forests that provide bark trees are protected 

from deforestation, and ground growth similarly absorbs CO2. It is an educational 

technology with a negative carbon footprint; generating ecological value the more it is 

used.   
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 This production process also had the side effect of motivating the Adinkra artisans 

to be part of the professional development workshop, running it alongside U.S. 

technologists and Ghanaian ICT teachers. While one of the most skilled Adinkra artisans 

who participated in the workshop was part of the PTA, this was the first time he had 

brought his Adinkra expertise into the school. This artisan now had multiple directions 

for sustaining his relationship with his local school: in addition to the traditional pathway 

of the PTA he was now a co-designer of curriculum and lesson materials.  

 

Figure 4.7. Miniature Adinkra stamping manipulatives, made by a professional artisan 

 CRC as a brokerage strategy within the context of the Adinkra Computing 

workshop shows how socio-technical assets can be built through circulating cultural 

capital between communities and schools. Pathways for circulating the value of Adinkra 

opened up institutionally when the artisan occupied both social worlds of Adinkra and 

school through PTA membership. Given the mix of artisanal production, ecological 

sustainability and STEM education, one can imagine building entire community 

economics around a network of such circulation; a social justice version of “industrial 

ecology.”  

 The on-the-ground realities are of course much less utopian. To intervene in the 

mix of small school budges and national standardized curricula, artisans, software 
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developers, and ICT teachers had to work together to identify and integrate the assets that 

were relevant to the community (i.e. carving and stamping) where the school is located. 

This is represented in Figure 4.8 with the bidirectional arrow between “Adinkra Carving 

and Stamping” and “Adinkra Artisan Community.” They then worked to find a “sweet 

spot” between curriculum, culture, and technology in the design of Adinkra Computing, 

as represented by the bidirectional arrow between “Adinkra Carving and Stamping” and 

“Adinkra Computing Professional Development.” In turn, junior high school teachers 

collaborated with Adinkra artisans during a professional development workshop to 

balance school demands with cultural content. This relationship between teachers and 

artisans is represented as the bidirectional arrow between “Adinkra Computing 

Professional Development” and “Adinkra Artisan Community.” The fulfillment of this 

relationship results in the possibility for building assets through school governance—such 

as the PTA—and curriculum development. Furthermore, the skills and knowledge of 

Adinkra now have an avenue to be preserved and passed on to other generations as 

students have opportunities to learn carving and stamping in math and technology 

classes. 

 
Figure 4.8. A flow-chart to represent CRC as a brokerage strategy in the context of the 

Adinkra Computing professional development workshop 
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 The particular relevance of Adinkra Computing to Ghanaian education aside, I do 

not mean to suggest that the software is irrelevant in other contexts. For example, during 

the winter of 2015 I was part of a CSDT research team that visited a predominantly 

African American high school in a large city in the U.S. Midwest, where Adinkra 

Computing was being used to frame mathematics as a diverse and global human activity. 

During the lessons, a table set up in the back of the math classroom was devoted to 

Adinkra cloth and stamps (see Figure 4.9) for a unit on “globalization.” When we arrived 

the math teacher was introducing the mathematical significance of logarithmic spirals in 

Adinkra through an activity on Fibonacci numbers in the natural world. This move helped 

to emphasize symmetry between Adinkra carving and the Fibonacci sequence as 

mathematical models of organic growth (Eglash 1999). Over the course of three days the 

teacher and our research team helped students explore Adinkra as a form of non-Western 

mathematics using the Adinkra Computing software. Because Adinkra is of non-

European origin for its mathematical knowledge, it offers a challenge to myths of genetic 

determinism while also illuminating African mathematics that has historically been 

ignored in mainstream U.S. curriculum (Zaslavsky 1994; Bangura 2012). Adinkra 

Computing, then, offered an alternative to the pervasive role of white cultural capital in 

the school’s content.  

 Yet, unlike the implementation of Adinkra Computing in Ghana, there was not an 

opportunity in the Midwest city for the Adinkra artisans’ cultural capital to be returned to 

their community in such a direct way. While the school can build Adinkra as an 

educational asset, and there are individual artists in the Midwest city who use Adinkra 

symbols, it is limited by the school’s proximity to a sustained community that uses 
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Adinkra as a major source of income. For CRC to be a successful brokerage strategy it 

helps if skills and knowledge that bridge school and community are widely known by 

students. This makes the choice of which socio-technical asset to focus on extremely 

important. Teachers and technologists must be able to see its explicit role in community 

life to facilitate school-community interdependency and mutual asset building.  

 
Figure 4.9. A table of Adinkra cloth and stamps set up in the back of a U.S. mathematics 

classroom 
 

 When considering these two cases of implementing Adinkra Computing the first 

question that needs to be answered about the UFT Cornrow Curves workshop is: Can the 

cultural capital of African American hair braiders that is used in the workshop be 

returned to the communities where the teachers are working? While teachers in the 

workshop came from all over the city, many work with African American students and 

some in predominately African American communities. Given that there are hundreds, if 

not over a thousand, venues for braiding in New York City, it is safe to assume that there 
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are hair braiders with whom teachers could collaborate in their classrooms. The cultural 

capital of hair braiders that was used to create Cornrow Curves can, then, be returned to 

the community. This loop creates the possibility for asset building and, therefore, CRC 

helps broker school-community connections.  

 Figure 4.10 shows what CRC as a brokerage strategy might look like when 

applied to the case of the UFT Cornrow Curves workshop. The bidirectional arrow 

between “African American Hair Braiding Community” and “Cornrow Braiding,” 

represents hair braiders and technologists working together to identify skills and 

knowledge that are relevant to asset building. Finding that “sweet spot” between 

curriculum, culture, and technology in the design of Cornrow Curves is represented as the 

arrows between “Cornrow Braiding” and “Cornrow Curves UFT Workshop.” Here, 

teachers would work with hair braiders during a professional development workshop to 

blend cultural content with their uses of transformational geometry. Finally between 

“Cornrow Curves UFT Professional Development” and “African American Hair Braiding 

Community,” the union and hair braiders form relationships around asset building that 

support school-community connections. This hypothetical UFT workshop in Figure 4.10 

shows how CRC can be realized as a brokerage strategy where school-community 

connections create the conditions for social movement building and whole system 

education. 
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Figure 4.10. A flow-chart to represent CRC as a brokerage strategy in the context of the 
Cornrow Curves UFT Workshop 

 
4.6 Teachers and Hair Braiders in Social Movement Building 

This paper has detailed how CRC can be designed and implemented to improve students’ 

academic performance and foster the school-community connections that help teachers’ 

unions gain support for education-based social movement building. I have argued that 

CRC’s focus on mutual asset building is a strategy of brokerage that can facilitate and 

expand pathways teachers have for engaging with community members and vise-versa. 

The proposed outcome of the CRC application, Cornrow Curves, is that community 

members, and specifically African American hair braiders, will be more likely to support 

the political goals of teachers if schools use and value their work. But what political 

benefit can this relationship bring to braiding communities?  

 One possibility for teachers and their unions is to support hair braiders’ ability to 

legally make a living off of braiding without spending unnecessary amounts of money 

and time at cosmetology schools, while still having access to professional organizations. 

The Institute for Justice legally advocates for US states to allow African-style hair 
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braiders to open businesses without cosmetology licenses. They argue that braiders have 

learned through an apprenticeship model of education that is not furthered by most 

cosmetology schools that lack African-style braiding curriculum. The result is braiders 

spend large amounts of time and money on irrelevant training. On the flipside, many 

cosmetology associations, such as the California Cosmetology Association, and local 

makeup and hairstyling unions are designed to economically and politically support 

licensed members. Without access to these groups, hair braiders’ abilities to organize 

amongst themselves, other hairstylists, and other workers are limited. In the context of 

Cornrow Curves, CRC helps to develop, though does not guarantee, the school-

community connections to bring these issues into the social movement building of 

teachers’ unions.  

 Teachers have a number of ways to support braiders in their struggles for 

culturally responsive training, new accreditation systems, and professionalization. First, 

teachers have a wealth of educational knowledge that braiders can use in their demands 

for relevant school training. Teachers can use their pedagogic expertise to support the 

culturally responsive demands to hire hair-braiding instructors, change licensure 

requirements to legitimize apprenticeship models of education, and develop curriculum 

for African-styles. Second, social movement teachers’ unions are often connected to 

workers in the private sector. For example, the CTU has regularly supported fast-food 

workers in their fight for $15 minimum wage and these workers have, in turn, supported 

CTU strikes (Elejald-Ruiz 2016). Teachers can support braiders by introducing them to 

politically active unionized and non-unionized workers in the private sector. This would 

bring them into the fold of social movements for racial and economic justice that may 
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support them in gaining professional recognition inside or outside of traditional 

cosmetology school accreditation systems. Once connected to social movements, 

cornrow braiding can continue to make innovations not only in education but also in 

other domains where the knowledge and skills are culturally relevant to the whole 

system.  

4.7 Conclusion  

If whole system education is going to be realized we must begin to critique the current 

strategies and develop new ones that foster strong and sustainable school-community 

connections. This chapter has introduced CRC as one possible brokerage strategy for 

creating these connections. A history of teachers’ unions shows that these connections, in 

the form of community support, are an important part of social movement building and 

reform that benefits underrepresented communities. Cornrow Curves is an example of 

how asset building can be part of the design of educational technology. The case of 

Adinkra Computing shows how this value has the potential to be returned to local 

communities but is not guaranteed. Involving those who generate the value from cultural 

capital, whether artisans or hair braiders, in school implementation helps to foster school-

community connections for mutually beneficial asset building. In cases where value can 

be returned, CRC has the potential to contribute to social movement building in and out 

of teachers’ unions.  
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CHAPTER 5 
 

Conclusion: STEM Studies  
 

5.1 Introduction 
 
 After writing my dissertation, I look back on the 4S 40th Anniversary at Cornell 

and wonder if continuing the loop with CLT should be my primary message about 

education that I want to give to the STS community. This is not to understate the 

importance of thinking and acting seriously about this ongoing relationship. Still, I can’t 

help but notice that CLT is only one small part of the larger “research programme” 

(Lakatos and Feyerabend 1999), to use Lakatos’ concept, that is dominating U.S. 

education: STEM education. In this conclusion I will argue that STS needs to commit 

itself to the STEM education research programme through what I call STEM Studies, 

which I identify as already taking place with the theory and research on collaboration and 

expertise in Third Wave STS (Collins and Evans 2007). Building on the Third Wave 

realist theory of expertise that acknowledges the importance of lay-experts while not 

erasing demarcations with professional experts, STEM studies casts aside illusions of 

methodological neutrality and non-partisanship in favor of politically engaged research 

that will be useful for teachers and educators at all levels (PK-12, undergraduate, 

graduate, and beyond). STEM studies confirms the asymmetry of scientific consensus 

that points educators in the direction of what to include in the STEM curriculum, while 

also confirming the expertise of teaching professionals who are facing attacks in the form 

of deprofessionalization. I will show how the three chapters above can help guide us 

toward STEM studies and away from analytic god-tricks that keep coming up in STS. 

5.2 Schools as profound sites of intervention in STEM fields 
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 While there is a tendency to conflate the STEM acronym with the history of 

science education in the U.S., it is more appropriately traced back to 2001 when it was 

first used by the NSF director of education and human resources, Judith A. Ramaley 

(Heitin 2015). With a growing awareness for the need of interdisciplinary collaboration 

to solve socio-technical problems (key areas of focus for the Third Wave), STEM denotes 

curriculum and pedagogies that bridge disciplinary boundaries in the classroom through 

hands-on learning. STEM has become a top-priority in the U.S. due to untested claims 

that it will increase job security and national competitiveness. From the White House 

Maker Faire under the Obama Administration to the Department of Defense’s Army 

Education Outreach Program, funding for STEM has been gaining traction since Ramaley 

first introduced the acronym. But it is unclear if this will continue.    

 What is clear is that the actions of the Trump and DeVos families are actively 

undermining the development of curricular and extracurricular STEM education with the 

proposed $9 billion cut in education spending and additional cuts to STEM-based 

research programs (U.S. Office of Management and Budget 2017). Furthermore, Donald 

Trump either lies or has little understanding of STEM content as evidenced by his climate 

change denial and anti-factual belief that exercise is bad for the body. On top of that, 

Betsey DeVos appears to side with intelligent design (ID) advocates who favor teaching 

it alongside evolutionary theories that have gone through the social and cultural work of 

gaining near-universal scientific consensus. Nonetheless, they continue to pay lip service 

to both the importance of STEM for 21st century job placement and challenging problems 

of underrepresentation in STEM fields (Herman 2017). This double-speak—proposing 

cuts to STEM while also advocating the importance of STEM—is part of what has 
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become a disturbingly common trend in the era of Trump, what many have come to label 

“post-truth.” Oxford Dictionaries (2016) made this term it “word of the year” for 2016 

and define it as, “Relating to or denoting circumstances in which objective facts are less 

influential in shaping public opinion than appeals to emotion and personal belief.”   

 Yale historian Snyder (2017) says that this post-truth allows statements to be 

riddled with contradictions,  

 It is as if a farmer said he were taking an egg from the henhouse, boiling it whole
 sale and serving it to his wife, and also poaching it and serving it to his children,
 and then returning it to the hen unbroken, and then watching the chick hatch. (67-
 68) 
 
While Snyder made this comment in the context of the contradictory claims regarding the 

elimination of the national debt while cutting taxes by the Trump administration, the 

same dynamic is at play with STEM education. I articulated this point in a March 2017 

letter I wrote to the American Society for Engineering Education about the proposed cuts 

to education after their newsletter, First Bell praised Ivanka Trump and DeVos for 

attending a screening of Hidden Figures to promote STEM education for girls of color:  

 These facts highlight a contradiction: DeVos and the Trump administration want 
 to increase the representation of communities of color in STEM fields by 
 supporting policies that disadvantage those communities and cut funding for 
 increasing access to STEM programs. It appears that the article sent out this 
 morning hides this contradiction, making it appear that DeVos is taking steps to 
 support these communities when in fact she is taking steps in the opposite 
 direction. (personal email 03/29/17) 
 
This trend of post-truth is disturbing and STS should view schools as profound sites of 

intervention in STEM fields for deconstructing post-truth contradictions. This brings me 

to answering my first main question, what are the gaps between educational 

empowerment and STEM? In chapter 2, I showed that discovery learning in STEM is 

limited by educational technologies that may reproduce disempowering aspects of our 
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society, from job automation to military imperialism, that create contradictions in and of 

themselves: “be empowered by these technologies that disempower local communities 

around the world.”  

 STS has long balanced the line between identifying the political, social, and 

cultural aspects of STEM knowledge, while maintaining that our material world has 

agency that scientists must accommodate to the best of their abilities to gain insights that 

are based on instrumental, paradigmatic, and institutional contingencies; not anything 

goes! STSer must use these abilities to intervene in STEM education to help teachers 

combat post-truth by explaining controversies in the dominant paradigm, while clarifying 

the power dynamics of STEM that harm everyday people. A great example of this would 

be exploring the controversy around nuclear power, while pointing out all the extraction 

and waste problems that have historically impacted Native American lands. We have a 

civic responsibility because, as Snyder (2017) explains, “Post-truth is pre-fascism” (71). 

However, it appears that certain strands of STS have, disturbingly, already embraced this 

pre-fascism.  

5.3 There are Strands of STS that have Particular Significance for the Challenges of 
Empowering STEM Education, but Others Do Not and May Even be Harmful to 
STEM Education  
 
 In December 2016, philosopher of science Steve Fuller (2016a) published a piece 

in The Guardian praising the role of STS in creating a post-truth world: “What makes 

Kuhn’s account of science ‘post-truth’ is that truth is no longer the arbiter of legitimate 

power but rather the mask of legitimacy that is worn by everyone in pursuit of power” 

(para. 3). This is nothing new; I certainly agree that truth claims, whether religious or 

scientific, have been historically and is currently used to legitimate some governing 
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voices over others and that anomalies are key to understanding changes in paradigms. 

What Fuller appears to misunderstand is that masks are made out of different material, 

they do not equally withstand wear and tear overtime, and they are made for different 

purposes, in different contexts. For example it would cheapen their associated knowledge 

and practice to apply a symmetrical analysis of a Benin mask from the 16th century pre-

colonial West African empire that is made out of ivory to an imitation of a Benin mask 

made out of LEGOs (Figure 5.1) at Nathan Sawaya’s 2013 “Art of the Brick” exhibit in 

New York City (Rothstein 2013). Each could have been made with different materials 

and for different purposes depending on historical contingencies. Sure they could have 

been otherwise, but the interesting point to be made in analyzing them is the affordances 

of the materials within their own historical and epistemological contexts, and how 

materiality relates to those contextual power dynamics. Indeed, in response to Fuller, 

Sismondo (2017) explains, “Embracing epistemic democratization does not mean a 

wholesale cheapening of technoscientific knowledge in the process. STS’s detailed 

accounts of the construction of knowledge show that it requires infrastructure, effort, 

ingenuity and validation structures” (3). 

 

Figure 5.1. Beni Mask made out of LEGOs at Sawaya’s exhibit in New York  
  
 The problem with Fuller’s praise of post-truth is he appears to pull a type of “god-

trick” (Haraway 1988) that strives for illusions of symmetrical neutrality. Indeed, Fuller 
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(2016b) takes issue with the Oxford Dictionary definition of post-truth: “In STS terms, 

this definition is clearly ‘asymmetrical’ because it is pejorative, not neutral” (para. 1). 

From this seemingly neutral position Fuller says he is making power dynamics more 

visible but for some reason refuses to see how his own neutral position is, like the 

scientists he critiques, really non-neutral and political. I showed the non-neutrality of 

seemingly neutral claims and terms clearly in chapter 3, with my critique of gender- and 

racial-neutrality in computer science. This helps me answer the question: Given that the 

presence of discovery learning is not sufficient, what can we do to foster deep 

generativity in the classroom? To do this STS must reflect on the politics of our theories 

and practices, and whose politics they support.  

 Fuller’s illusion of self-neutrality created the conditions for him to align with the 

political commitments of ID advocates, like Devos, and undermine educational expertise. 

I do not think this is an accident but a result of Second Wave STS. Simply stated Second 

Wave STS has not supported the goals and interests of public schooling to transmit well-

established knowledge. However, Third Wave STS offers hope for a new path forward 

for education studies and STS. To understand why STS and education studies have been 

disconnected we need to critically examine the limitations of Second Wave STS and 

uncover the affordances of Third Wave STS. This suggests that there are strands of STS 

that have particular significance for the challenges of empowering STEM education, but 

others do not and may even be harmful to STEM education.  

 Posed at the analytical intersection of scientific/political knowledges, STS 

scholars have long staked out claims in debates that concern the roles of those qualified 

as accredited experts in technical decision-making. In their declaration of the Third Wave 
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of STS, Collins and Evans (2007) continue in this tradition by way of their Studies of 

Expertise and Experience (SEE) approach that re-articulates sociology of scientific 

knowledge’s previous grapples with and solutions to expertise and the Problem of 

Legitimacy – that is, how wide should the basis of technical decision-making be for those 

beyond credentialed experts? Citing Wynne’s work with sheep farmers (Irwin and 

Wynne 1996) and Epstein’s work with AIDs patients (1996), Collins and Evans move 

forward under the assumption that the Second Wave of STS has solved the Problem of 

Legitimacy. They argue, “science studies has shown that there is more to scientific and 

technical expertise than is encompassed in the work of formally accredited scientists and 

technologists, but it has not told us how much more” (2002, 237). The question of how 

much is complicated by Collins and Evans’ examples of both too little and too much 

public participation in technical decision-making. This failure to solve how much more 

expertise should be extended to participants traditionally considered as non-experts is 

labeled as the Problem of Extension and is the grounding in which Collins and Evans 

build their normative theory of expertise as the Third Wave of STS.  

 Yet, to posit SEE as a normative theory calls STS scholars to action for not only 

re-thinking analytical categories of expertise in relationship to the public, but also to use 

Third Wave categories as part of their own “contributory expertise” in technical decision-

making as “knowledge scientists” (2002, 272). It is the job of STS scholars, within a 

Third Wave framework, to think about and indicate how diverse sets of expertise 

(scientists and non-scientists) can be combined for decision-making within and between 

different sciences and institutions. If we were to take the Collins and Evans demarcation 

of Second and Third Waves of STS seriously, in what ways does the role of the STS 
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scholar as a knowledge scientist change from the Second to Third Waves in technical 

decision-makings that bear on public interest? To answer this question, consider Fuller’s 

(2007) role as an expert witness in the Kitzmiller v. Dover Area School District trial 

through both Collins and Evans’ SEE framework and Jasanoff’s (2003) critique of the 

Third Wave demarcation.  

 Jasanoff’s critique of Collins and Evans’ approach to expertise hinges on their 

distinction between scientific and political phases of decision-making.  Similar to the 

positivist understanding of expertise in First Wave science studies (Karl Popper, for 

example), the Third Wave separates scientific and technical input from political input. 

Yet, unlike the First Wave, the Third Wave draws from the Second Wave in the 

acknowledgment that there are extra-scientific, political factors that bring closure to 

scientific debates. The Second Wave frames expertise as emergent categories that 

privilege power and legitimacy of certain knowledges over others by institutions, such as 

courts and schools. This is seen as central to the production of scientific knowledge. 

Collins and Evans argue that this approach is useful for description, but not to the extent 

that it collapses expertise boundaries so that scholars “become unable to distinguish 

between experts and non-experts” (2002, 239).  

 Conversely, Jasanoff argues that the Second Wave never collapsed the existences 

of boundaries in such ways. Instead, these boundaries become entry points to understand 

the relationships between “science and power, to ask how they come about, and what 

functions they serve in challenging both knowledge and politics” for scientific and non-

scientific institutions (2003, 394). Indeed, Collins and Evans pay little attention to the 

role of power and institutional influence on the legitimation of expertise in their paper. 
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While Jasanoff’s suggestion of “showing what is at stake in the making of [expert and 

lay] boundaries” (2003, 398) does offer a means to understand how science and politics 

are tightly coupled in the co-production of knowledge, does this approach provide 

enough grounds for an alternative normative theory of expertise? How is this different 

than a Third Wave approach?  

 Fuller’s presence as a rebuttal witness in the Kitzmiller v. Dover Area School 

District trial on the inclusion of ID alongside teachings of neo-Darwinian theory in high 

school biology classes, suggests what may be considered as Second Wave STS 

contributions to normative understandings of expertise. As Fuller notes, he may have 

been one of the first STS scholars under oath to declare expertise as a knowledge 

scientist, someone who can demarcate the boundaries of science in more appropriate 

ways than scientists themselves. In the trial Fuller was charged with the task of making 

contradictory claims to the plaintiff’s witnesses, who sought to demarcate ID and 

associated ID experts as non-scientific. Fuller (2007) remarked, “I concluded that the 

plaintiffs’ experts simply took advantage of their “expert” status to offer their sincerely 

held but professionally uncensored opinions” (91). Fuller tries to offer alternatives to the 

plaintiff’s expert claims in the court through a socio-historical account of biology. He 

reveals the co-productive relationships of religious and scientific institutions in 

knowledge production and explains that the Kitzmiller ruling in favor of the plaintiff, 

“reinforced the institutionalized atheism that has come to dominate U.S. legal thinking 

about education at the expense of the heuristic role that belief in a designed “universe” 

has played in advancing science” (2007, 119).  
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 Similar to the analytical role of expertise in STS that Jasanoff posits, Fuller 

demonstrates that expertise in the trial was used to transverse political boundaries 

between science and the state. The decision reinforces the power of the state in its 

separation from religion, a position that Fuller would like to see challenged. This also 

appears to be the trap of Second Wave STS that Collins and Evans identify as a hindrance 

to supporting a normative theory of expertise. Fuller, as an expert on expertise, obviously 

acknowledges the central role of politics in both neo-Darwinian and ID theories, yet is 

unable to analytically separate (Collins and Evans suggest that the separation is not 

anything but analytical) politics and science in such a way that does not reinvest the 

biology classroom with alternative politics – the politics of The Discovery Institute and 

the American religious right. It would be wrong to suggest that politics and science can 

ever truly be separated in the teaching of biology, yet to trade one set of political 

underpinnings for another or draw the two unequal theories together as potentially equal 

theoretical alternatives signifies that Fuller, as Collins and Evans would suggest, 

collapses boundaries between different experts and expertise with stakes in neo-

Darwinian and ID theories. Indeed, Fuller reveals this inability when he refers to the 

ACLU and the Discovery Institute as morally equivalent (2007, 123-124), despite their 

employment and support of different people, across lay and professional social worlds, 

with varying expertise.  

 Was Fuller to ground his analysis of ID in a Third Wave framework, would his 

conclusion have been different? Central to this change would have been the identification 

of different types of expertise. Questions about who is qualified to contribute to the 

design of biology curriculum (contributory expertise), who knows what it means to 
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identify contributors (referred expertise), and who is able to speak the language of 

contributors (interactional expertise) are all starting points for Third Wave analyses. 

While beyond the scope of this last chapter to fully analyze each of these questions in 

regards to the Kitzmiller v. Dover Area School District trial, I will suggest, in closing, 

how these questions may have been brought to bear on whether ID should be taught 

alongside evolution.  

 Fuller would have continued to acknowledge his role as a knowledge expert. In 

doing so, ID and neo-Darwinian sciences would have been classified as specific types of 

sciences. ID would most likely be Golem science, while neo-Darwinian science would 

have been seen as normal. Fuller’s expert analysis on whether ID should be demarcated 

as a science in school textbooks would have included more reflections on those local 

advocates’ expertise, which originally pushed for ID to be taught in Dover schools. 

Advocates’ relationships to ID scientists would also have been a major point of inquiry. 

These advocates would have been placed outside of the core-sets of ID and neo-

Darwinian scientists. As these scientists and local advocates would have been assigned 

specific types of expertise, specifically the three mentioned above, their ability to 

translate information between social worlds and discriminate between the credibility of 

sources would have been drawn out to bear on the question of introducing ID in schools. 

While it is unknown if this would yield different results, I do not think this strips away 

politics but instead allows room for both politics and science to be understood in more 

nuanced ways. If the Second Wave of STS is not to discriminate on credibility because of 

a dogmatic agnosticism to truth, then it will be of little use for PK-12 STEM educators if 

the goal of the teacher to transmit well-established knowledge. Alternatively, STEM 
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education should welcome the Third Wave as a way to both legitimize public expertise 

and ask how far expertise of both credentialed and non-credentialed experts should 

extend.  

5.4 STEM Expertise are Embodied 

Like other aspects of Second Wave STS, relational theories of expertise—“one’s 

expertise is made out of one’s relationships with others” (Collins 2014, 45)—may 

disempower students, teachers, and parents. Instead of locating expertise as something a 

person possesses due to their training and experiences, a relational theory argues that 

someone is only an expert because they are called an expert, not because it is located in a 

body of a given person. As Wynne (1992) has shown in a case where scientists rejected 

the expertise of sheep farmers and, as a result, botched an experiment, this perspective 

helpfully reinforces the inclusion of “lay experts” in technoscientific decision-making.  

However, a relational theory “also [makes] it clear that people do not need any special 

qualities, or to be in any way less ordinary, to contribute to technical decisions” (Collins 

2014, 46). This perspective, that anyone is an expert regardless of embodied experiences, 

has serious consequences for those facing deprofessionalization and for those who turn 

out to have embodied expertise that are not institutionally recognized. Alternatively, a 

realist theory of expertise based on embodied experiences and education provides a 

helpful alternative. I will consider two cases where a realist theory is empowering for 

STEM: 1) teachers and 2) local communities.   

 According to a relational theory of expertise, in which special qualities of 

embodiment are not required for one to possess expertise, DeVos is easily considered to 

have educational expertise on par with trained teachers. This is in spite of the fact that she 



 136 

has no training or credentials in teaching and learning or long-term classroom 

experiences. At the same time, professional teachers all over the U.S. would be 

considered to have expertise on par with DeVos, even though many teachers have gone 

through pre-service programs and spent long-term time in classrooms. Legislation that 

has put caps on salary, reduced requirements for teacher training, broken up professional 

associations and unions is not countered by the relational theory. The problem with 

relying solely on a relational theory of expertise is that it “provides no guidance on how 

to choose between competing experts” (Collins 2014, 50). Alternatively, a realist theory 

of expertise can help guide whose expertise counts when it comes to advocating for 

children with disabilities in schools or explaining the growth verses proficiency debate 

for assessing student achievement. It also explains why teachers continue to fight for 

improving school infrastructure and smaller class sizes even as they face new 

relationships with school systems that devalue their embodied expertise to promote the 

deprofessionalization of pedagogy; teachers have the expertise to know what works even 

if those in power do not listen.  

 The relational theory of expertise also proves problematic for empowering 

indigenous and vernacular communities through STEM knowledge. Studies into 

ethnomathematics have shown that people use complex mathematical and computational 

thinking in the embodied practices of vernacular and indigenous design (Eglash 1999). 

Part of the radical work going on in STEM right now is culturally responsive education 

that draws out embodied STEM knowledge that is embedded in the cultural capital 

students already possess. A relational theory of expertise might acknowledge the 

importance of expertise that exists beyond dominant institutions but that expertise is not 
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given special status. Alternatively a realist theory works in favor of identifying how local 

communities, from Adinkra artisans in Ghana to hairstylists in New York, already have 

embodied STEM knowledge that are specialized for cultural practices.  

 These two examples show how STEM expertise is embodied. This is what I tried 

to show in chapter 4 by explaining how embodied knowledge and practices can be assets 

to build upon as opposed to barriers to be overcome. I use this insight to help me answer 

my final question: what happens when deep generative technology is implemented in an 

educational setting? In the case of Adinkra Computing and Cornrow Curves embodied 

expertise came from the bottom-up as opposed to top-down, and was shown to have the 

potential to improve schools through both traditional and non-traditional pathways.  

5.5 Conclusion: STEM Studies  

STS can make significant contributions to the STEM education research programme if it 

is willing to be answerable to its own prior political commitments and develop strategies 

for aligning its theories and practices with communities on the side of equity and justice. 

I propose three tenets for developing STEM Studies as an STS intervention in the STEM 

education research program: 1) Schools as profound sites of intervention in STEM fields; 

2) Some strands of STS that have particular significance for the challenges of 

empowering STEM education, but others may be harmful; 3) STEM expertise is 

embodied. The continuation of the loop between CLT and STS will be an important way 

to test out and refine these theories but it is only part of the larger STEM research 

programme. It is my goal that STEM Studies will be taken up to make educational 

research and practice a central topic in STS as well as move STS beyond its current 

flirtation with post-truth and pre-fascism.  



 138 

LITERATURE CITED 

Abbate, Janet. 2012. Recoding Gender: Women's Changing Participation in Computing.
 Cambridge: MIT Press. 
 
Abelson, Harold and Andrea A. diSessa. 1981. Turtle Geometry: The Computer as a
 Medium for Exploring Mathematics. Cambridge: MIT Press. 
  
Adelt, Ulrich. 2010. Blues Music in the Sixties: A Story in Black and White.  
 New Brunswick: Rutgers University Press. 
 
Alba, Richard, and Victor Nee. 2017. “Rethinking Assimilation Theory for a New Era of
 Immigration.” In Beyond Black and White: A Reader on Contemporary Race
 Relations, edited by Zulema Valdez, 44-70. Thousand Oaks: Sage Publications.  
 
Anderson, S. E. 1997. “Worldmath Curriculum: Fighting Eurocentrism in Mathematics.” 
 In Ethnomathematics: Challenging Eurocentrism in Mathematics Education,
 edited by Arthur B. Powell and Marilyn Frankenstein, 291-306. Albany: State
 University of New York.  
 
Anyon, Jean. 2014. Radical Possibilities: Public Policy, Urban Education, and a New 
 Social Movement. New York: Routledge. 
 
Apple, Michael W. 2006. Educating the “Right” Way: Markets, Standards, God, and
 Inequality. New York: Routledge. 
 
Arcidiacono, Peter, Andrew Beauchamp, Marie Hull, and Seth Sanders. 2011. “Isolating
 Mechanisms for the Racial Divide in Education and the Labor Market: Evidence
 from Interracial Families.” Unpublished Manuscript, Duke University. 
 
Ashby, Steven K., and Robert Bruno. 2016. A Fight for the Soul of Public Education: The
 Story of the Chicago Teachers Strike. Ithaca: Cornell University Press. 
 
Au, Wayne. 2009. Unequal by Design: High-Stakes Testing and the Standardization of 
 Inequality. New York: Routledge.  
 
Babbitt, Bill, Dan Lyles, and Ron Eglash. 2012. "From Ethnomathematics to
 Ethnocomputing." In Alternative Forms of Knowing (in) Mathematics, edited by
 Swapna Mukhopadhyay and Wolff-Michael Roth, 205-219. Rotterdam: Springer. 
 
Babbitt, William, Michael Lachney, Enoch Bulley, and Ron Eglash. 2015. "Adinkra
 Mathematics: A Study of Ethnocomputing in Ghana." Multidisciplinary Journal
 of Educational Research 5(2): 110-135. 
 
Banks, David A. 2016. “Anti-Authoritarian Metrics: Recursivity as a Strategy for Post
 Capitalism.” Teknokultura 13(2): 405-438. 



 139 

Bangura, Abdul Karim. 2012. African Mathematics: From Bones to Computers.
 Lanham: University Press of America. 
 
Barad, Karen. 2007. Meeting the Universe Halfway: Quantum Physics and The
 Entanglement of Matter and Meaning. Durham: Duke University Press. 
 
Barron, Brigid, Kimberley Gomez, Nichole Pinkard, and Caitlin K. Martin. 2014. The
 Digital Youth Network: Cultivating Digital Media Citizenship in Urban
 Communities. Cambridge: MIT Press.  
 
Benjaminsen, Nana, and Estrid Sørensen. 2011. “Circulation of Authorisations in the 
 Classroom: A Socio-Material Process.” Science as Culture 20(4): 433-453. 
 
Bennett, Audrey. 2016. “Ethnocomputational Creativity in STEAM Education: A
 Cultural Framework for Generative Justice.” Teknokultura 13(2): 587-612. 
 
Bennett, Audrey, Ron Eglash, Michael Lachney, and Bill Babbitt. “Design Agency:
 Diversifying Computer Science at the Intersection of Creativity and Culture.” In
 Revolutionizing Education Through Web-Based Instruction, edited by Mahesh
 Raisinghani, 35-56. London: IGI Global.  
 
Bix, Amy Sue. 2014. Girls Coming to Tech!: A History of American Engineering
 Education for Women. Cambridge: MIT Press. 
 
Bobbitt, John Franklin. 1918. The Curriculum: A Summary of the Development
 Concerning the Theory of the Curriculum. Boston: Houghton Mifflin. 
 
Boellstorff, Tom, Bonnie Nardi, Celia Pearce, and T. L. Taylor. 2012. Ethnography and 
 Virtual Worlds: A Handbook of Method. Princeton: Princeton University Press. 
 
Bonilla-Silva, Eduardo. 2006. Racism Without Racists: Color-Blind Racism and the
 Persistence of Racial Inequality in the United States. Lanham: Rowman &
 Littlefield. 
 
Bourdieu, Pierre. 1983. “The Field of Cultural Production, or: The Economic World
 Reversed.” Poetics 12(4-5), 311-356. 
 
Bourdieu, Pierre. 1986. "The Forms of Capital.” In Handbook of Theory and Research
 for the Sociology of Education, edited by John Richardson, 46-58. New York:
 Greenwood.  
 
Brand, Stewart. 1988. The Media Lab. New York: Penguin Books. 
 
Bright, Anita. 2016. “The Problem with Word Problems.” Rethinking Schools 30(4). 
 http://www.rethinkingschools.org/archive/30_04/30-4_bright.shtml  
 Accessed July 7, 2017.  



 140 

   
Bulkley, Katrina, and Jennifer Fisler. 2003. “A Decade of Charter Schools: From Theory
 to Practice.” Educational Policy 17(3): 317-342. 
 
Buolamwini, Joy. 2013. “Proposal for Pilot Rhodes Year of Service: Promoting Women’s
 Rights through Technology Education.” Joy Buolamwini. 
 http://zamrize.org/showcase/pdf/pilot.pdf Accessed June 14, 2015.  
 
Buras, Kristen L. 2014. Charter Schools, Race, and Urban Space: Where the Market
 Meets Grassroots Resistance. New York: Routledge. 
 
Burawoy, Michael. 2009. The Extended Case Method: Four Countries, Four Decades,
 Four Great Transformations, and One Theoretical Tradition. Berkeley:
 University of California Press.  
 
Burns, Joe. 2014. Strike Back: Using Militant Tactics of Labor’s Past to Reignite Public
 Sector Unionism Today. Brooklyn: IG Publishing.  
 
Callon, Michel, Pierre Lascoumes, and Yannick Barthe. 2009. Acting in an Uncertain
 World: An Essay on Technical Democracy. Cambridge: MIT Press.  
 
Chicago Teachers Union. 2012. The Black and White of Education in Chicago’s Public
 Schools: Class, Charters & Chaos: A Hard Look at Privatization Schemes
 Masquerading as Education Policy. Chicago: Chicago Teachers Union.  
 
Clements, Douglas H. 1990. "Metacomponential Development in a Logo Programming
 Environment." Journal of Educational Psychology 82(1): 141-149. 
 
Collins, Harry. 2014. Are We All Scientific Experts Now?. Cambridge: Polity. 
 
Collins, Harry M., and Robert Evans. 2002. "The Third Wave of Science Studies: Studies
 of Expertise and Experience." Social Studies of Science 32(2): 235-296. 
 
Collins, Harry M., and Robert Evans. 2007. Rethinking Expertise. Chicago: University of
 Chicago Press.  
 
Corburn, Jason. 2005. Street Science: Community Knowledge and Environmental Health
 Justice. Cambridge: MIT Press.  
 
Cuban, Larry. 1986. Teachers and Machines: The Classroom Use of Technology Since
 1920. New York: Teachers College Press. 
 
Cuban, Larry. 2001. Oversold and Underused: Computers in the Classroom. Cambridge:
 Harvard University. 
 
 
 



 141 

Cuban, Larry. 2014. “Schools as Factories: Metaphors that Stick.” Larry Cuban. 
 https://larrycuban.wordpress.com/2014/05/08/schools-as-factories-metaphorsthat
 stick/ Accessed July 7, 2017.  
 
Crenshaw, Kimberle. 1991. "Mapping the Margins: Intersectionality, Identity Politics,
 and Violence Against Women of Color." Stanford Law Review 43: 1241-1299. 
 
Dakers, John, ed. 2006. Defining Technological Literacy: Towards an Epistemological
 Framework. New York: Palgrave Macmillan. 
 
Davy, John. 1984. "Mindstorms in the Lamplight." The Teachers College Record 85(4):
 549-558. 
 
DeBoer, George E. 1991. A History of Ideas in Science Education: Implications for
 Practice. New York: Teachers College Press. 
  
Delamont, Sara, and Paul Atkinson. 1995. Fighting Familiarity: Essays on Education
 and Ethnography. New York: Hampton Press. 
 
Delpit, Lisa D. 2012. “Multiplication is for White People”: Raising Expectations for
 Other People's Children. New York: The New Press. 
 
Detroit Federation of Teachers. 2016. “DFT Files Lawsuit Against Earley, DPS.”  
 http://dft231.mi.aft.org/dft-files-lawsuit-against-earley-dps-12816 
 Accessed January 28, 2016.  
 
Dewey, John. 2008. The Child and the Curriculum, Including the School and Society.
 New York: Cosimo Inc. 
 
Dillon, Edward C., Juan E. Gilbert, Jerlando F. L. Jackson, and LaVar J. Charleston.
 2015. “The State of African-Americans in Computer Science: The Need to
 Increase Representation.” Computing Research News 27(8): 2-6. 
 
Doing, Park. 2009. Velvet Revolution at the Synchrotron: Biology, Physics, and Change
 in Science. Cambridge: MIT Press.  
 
Dotson, Taylor C, and James E. Wilcox. 2016. “Generating Community, Generating
 Justice? The Production and Circulation of Value in Community Energy
 Initiatives.” Teknokultura 13(2): 511-540.  
 
Downey, Gary Lee, & Juan C. Lucena. 1997. “Engineering Selves: Hiring in to a
 Contested Field of Education.” In Cyborgs and Citadels: Anthropological
 Interventions in Emerging Sciences and Technologies, edited by Gary Lee
 Downey and Joseph Dumit, 117-141. Santa Fe: The of American Research Press. 
 
 



 142 

Downey, Gary Lee, and Teun Zuiderent-Jerak. 2016. "Making and Doing: Engagement
 and Reflexive Learning in STS." In The Handbook of Science and Technology
 Studies, Forth Edition, edited by Ulrike Felt, Rayvon Fouché, Clarke A. Miller,
 and Laurel Smith-Doerr, 223-252. Cambridge: MIT Press. 
 
Drew, David E. 2011. STEM the Tide: Reforming Science, Technology, Engineering, and
 Math Education in America. Baltimore: John Hopkins University Press. 
 
Dreyfus, Hubert, and Stuart Dreyfus. 1984. "Putting Computers in Their Proper Place:
 Analysis Versus Intuition in the Classroom." The Teachers College Record 85(4):
 578-601. 
 
Dunbar-Hester, Christina. 2016. “Freedom From Jobs or Learning to Love to Labor? 
 Diversity Advocacy and Working Imaginaries in Open Technology Projects.” 
 Teknokultura 13(2): 541-566. 
 
Dutton, Tom. 1983. “Birds of a Feather: A Pair of Rare Pidgins from the Gulf of Papua.”
 In The Social Context of Creolization, edited by Ellen B. Woolford and William
 Washabaugh, 77-105. Ann Arbor: Karoma Publishers.  
 
Eglash, Ron. 1999. African Fractals: Modern Computing and Indigenous Design. New
 Brunswick: Rutgers University Press.  
 
Eglash, Ron. 2007. “Broken Metaphor: The Master-Slave Analogy in Technical
 Literature.” Technology and Culture 48(2): 360-369. 
 
Eglash, Ron. 2007. “The Collaborationist Stance in STS.” Keynote Presented at the 2007
 Northeast STS Graduate Student Conference, Troy, New York.  
 
Eglash, Ron. 2011. "Multiple Objectivity: An Anti-Relativist Approach to Situated
 Knowledge." Kybernetes 40 (7/8): 995-1003.  
 
Eglash, Ron. 2016a. “Of Marx and Makers: An Historical Perspective on Generative
 Justice.” Teknokultura 13(1): 245-269. 
 
Eglash, Ron. 2016b. “An Introduction to Generative Justice.” Teknokultura 13(2): 369-
 404. 
 
Eglash, Ron, Audrey Bennett, Casey O'donnell, Sybillyn Jennings, and Margaret
 Cintorino. 2006. "Culturally Situated Design Tools: Ethnocomputing From Field
 Site to Classroom." American Anthropologist 108(2): 347-362. 
 
Eglash, Ron, and Colin Garvey. 2014. “Basins of Attraction for Generative Justice.” In
 Chaos Theory in Politics, edited by Santo Banerjee, Şefika Şule Erçetin,  
 Ali Tekin, 75-88. New York: Springer.  
 



 143 

Eglash, Ron, Juan E. Gilbert, Valerie Taylor, and Susan R. Geier. 2013. "Culturally
 Responsive Computing in Urban, After-School Contexts Two Approaches."
 Urban Education 48(5): 629-656. 
 
Eglash, Ron, Mukkai Krishnamoorthy, Jason Sanchez, and Andrew Woodbridge. 2011.
 "Fractal Simulations of African Design in Pre-College Computing
 Education." ACM Transactions on Computing Education (TOCE) 11(3): 17:1-
 17:14. 
 
Eglash, Ron., William Babbitt, Audrey Bennett, Kathryn Bennett, Brian Callahan, James 
 Davis, John Drazan, Charles Hathaway, Mukkai Krishnamoorthy, Michael 
 Lachney, Michael Mascarenhas, Shayla Sawyer, and Kathleen Tully. 2017. 
 “Culturally Situated Design Tools: Generative Justice as a Foundation for STEM 
 Diversity.” In Moving Students of Color from Consumers to Producers of 
 Technology, edited by Yolanda Rankin and Jakita Thomas, 132-151. Hershey: IGI
 Global. 
 
Elejalde-Ruiz, Alexia. 2016. “Fight for $15 to join Chicago Teachers Union’s April 1
 Strike.” Chicago Tribune. http://www.chicagotribune.com/business/ct-fight-for-
 15-joins-teachers-strike-0326-biz-20160325-story.html Accessed July 17, 2016. 
 
Emerson, Robert M., Rachel I. Fretz, and Linda L. Shaw. 2011. Writing Ethnographic
 Fieldnotes. Chicago: University of Chicago Press. 
 
Epstein, Steven. 1996. Impure Science: AIDS, Activism, and the Politics of Knowledge.
 Berkley: University of California Press. 
 
Faulkner, Wendy. 2000. "The Power and the Pleasure? A Research Agenda for ‘Making
 Gender  Stick’ to Engineers." Science, Technology & Human Values 25(1): 87-
 119. 
 
Fincher, Sally, and Marian Petre, eds. 2004. Computer Science Education Research. 
 New York: Routledge.  
 
Fortun, Kim, and Mike Fortun. 2010. The Asthma Files. http://theasthmafiles.org/  
 Accessed May 13, 2017. 
 
Frank, Reanne. 2012. "Forbidden or Forsaken? The (Mis)Use of a Forbidden Knowledge
 Argument in Research on Race, DNA and Disease." In Genetics and the
 Unsettled Past: The Collision between DNA, Race, and History, edited by Keith
 Wailoo, Alondra Nelson, and Catherine Lee, 315-324. Piscataway: Rutgers
 University Press. 
 
Freire, Paulo. 2000. Pedagogy of the Oppressed. New York: Bloomsbury Publishing. 
 



 144 

Fryer, Roland G., and Paul Torelli. 2010. “An Empirical Analysis of ‘Acting White.’”
 Journal of Public Economics 94(5): 380–396. 
 
Fuller, Steve. 2007. Science VS Religion?: Intelligent Design and the Problem of
 Evolution. Cambridge: Polity. 
 
Fuller, Steve. 2016a. “Science has Always Been a Bit ‘Post-Truth’.” The Guardian. 
 https://social-epistemology.com/2016/12/25/embrace-the-inner-fox-post-truth-as-
 the-sts-symmetry-principle-universalized-steve-fuller/ Accessed June 15, 2017. 
 
Fuller, Steve. 2016b. “Embrace the Inner Fox: Post-Truth as the STS Symmetry Principle
 Universalized.” Social Epistemology 
 https://socialepistemology.com/2016/12/25/embrace-the-innerfox-post-truth-as-
 the-sts-symmetry-principle-universalized-steve-fuller/ Accessed June 15, 2017.   
      
Galison, Peter. 1997. Image and Logic: A Material Culture of Microphysics. Chicago:
 University of Chicago Press. 
 
Galison, Peter. 2010. “Trading with the Enemy.” In Trading Zones and Interactional
 Expertise: Creating New Kinds of Collaboration, edited by Michael E. Gorman,
 25-52. Cambridge: MIT Press.   
 
Gay, Geneva. 2010. Culturally Responsive Teaching: Theory, Research, and Practice.
 New York: Teachers College Press. 
 
George, Nelson. 2003. The Death of Rhythm and Blues. London: Penguin. 
 
Gill, Tiffany M. 2015. Beauty Shop Politics: African American Women's Activism in the
 Beauty Industry. Champaign: University of Illinois Press. 
 
Gillen, Jay. 2014. Educating for Insurgency: The Roles of Young People in Schools of
 Poverty. Chico: AK Press. 
 
Gilligan, Carol. 1982. In a Different Voice. Cambridge: Harvard University Press. 
 
Gilligan, Carol. 1987. "Adolescent Development Reconsidered." New Directions for
 Child and Adolescent Development 37: 63-92. 
 
Goldberg, David Albert Mhadi. 2004. “The Scratch is Hip-Hop: Appropriating the
 Phonographic Medium.” In Appropriating Technology: Vernacular Science and
 Social Power, edited by Ron Eglash, Jennifer L. Crossiant, Giovanna Di Chiro,
 Rayvon Fouché, 107-144. Minneapolis: University of Minnesota Press.  
 
Gould, Stephen Jay. 1996. The Mismeasure of Man. New York: WW Norton &
 Company. 
 



 145 

Gordon, Tulla, Janet Holland, and Elina Lahelma. 2014.“Ethnographic Research in
 Educational Setting.” In Sage Handbook of Ethnography, edited by Paul
 Atkinson, Amanda Coffey, Sara Delamont, John Lofland, and Lyn Lofland, 188-
 203. Thousand Oaks: Sage Publications.  
 
Guggenheim, Michael. 2012. “Laboratizing and De-Laboratizing the World: Changing
 Sociological Concepts for Places of Knowledge Production.” History of the
 Human Sciences 25(1): 99-118. 
 
Hagopian, Jesse, ed. 2014. More Than a Score: The New Uprising Against High-Stakes
 Testing. Chicago: Haymarket Books. 
 
Hagopian, Jesse. 2014. “The Testocracy versus the Education Spring.” In More Than a
 Score: The New Uprising Against High-Stakes Testing, edited by Jesse Hagopian,
 7-27. Chicago: Haymarket Books.  
 
Haley, Margaret A. 1982. Battleground: The Autobiography of Margaret A. Haley
 Champaign: University of Illinois Press.  
 
Haraway, Donna. 1979. "The Biological Enterprise: Sex, Mind, and Profit from Human
 Engineering to Sociobiology." Radical History Review (20): 206-237. 
 
Haraway, Donna. 1988. "Situated Knowledges: The Science Question in Feminism and
 the Privilege of Partial Perspective." Feminist studies 14(3): 575-599. 
 
Haraway, Donna. 2016. Staying with the Trouble: Making Kin in the Chthulucene. 
 Durham: Duke University Press.  
 
Harding, Sandra. 2008. Sciences from Below: Feminisms, Postcolonialities, and
 Modernitites. Durham: Duke University Press.  
 
Harding, Sandra and Merrill Hintikka, eds. 1983. Discovering Reality: Feminist
 Perspectives on Epistemology, Metaphysics, and Philosophy of Science.
 Dordrecht: Reidel Publishing. 
 
Harel, Idit. 1991. Children Designers: Interdisciplinary Constructions for Learning and
 Knowing Mathematics in a Computer-Rich School. New York: Ablex Publishing. 
 
Heitin, Liana. 2015. “When did Science Education Become STEM?” Education Week. 
 http://blogs.edweek.org/edweek/curriculum/2015/04/when_did_science_education
 _become_STEM.html Accessed June 14, 2015. 
 
Heitzeg, Nancy A. 2016. The School-to-Prison Pipeline: Education, Discipline, and
 Racialized Double Standards. Santa Barbra: ABC-CLIO. 
 



 146 

Henderson, Peter. 2008. "Computer Science Unplugged." Journal of Computing Sciences
 in Colleges 23(3): 168-168. 
 
Herman, Lily. 2017. “3 Ways Donald Trump is Set to Undermine STEM for Young
 Women.” Teen Vogue.  
 http://www.teenvogue.com/story/donald-trump-stem-young-women-girls-ivanka 
 Accessed June 14, 2017. 
 
Hess, David. 2014. "Ethnography and the Development of Science and Technology 
 Studies.” In Sage Handbook of Ethnography, edited by Paul Atkinson, Amanda 
 Coffey, Sara Delamont, John Lofland, and Lyn Lofland, 234-245. Thousand 
 Oaks: Sage Publications.  
 
Hess, David. 2016. Undone Science: Social Movements, Mobilized publics, and
 Industrial Transitions. Cambridge: MIT Press. 
 
hooks, bell. 1994. Outlaw Culture: Resisting Representation. New York: Routledge. 
 
Hoyles, Celia, and Richard Noss. 1987. "Synthesizing Mathematical Conceptions and
 Their Formalization Through the Construction of a Logo‐Based School
 Mathematics Curriculum." International Journal of Mathematical Education in
 Science and Technology 18(4): 581-595. 
 
Institute for Justice. 1991-Present. “Braiding Freedom.” http://braidingfreedom.com/ 
 Accessed May 15, 2017. 
  
Institute on Metropolitan Opportunity. 2014. Charter Schools in Chicago: No Model for
 Education Reform. Minneapolis: University of Minnesota Law School.  
 
Irwin, Alan, and Brian Wynne, eds. 1996. Misunderstanding Science?: The Public
 Reconstruction of Science and Technology. Cambridge: Cambridge 
 University Press. 
 
Ito, Mizuko. 2009. Engineering Play: A Cultural History of Children’s Software.
 Cambridge: The MIT Press, 2009.  
 
Ito, Mizuko, Sonja Baumer, Matteo Bittanti, Danah Boyd, Rachel Cody, B. Herr, H. A.
 Horst. 2009. Hanging Out, Messing Around, Geeking Out: Living and Learning
 with New Media. Cambridge: MIT Press. 
 
Jasanoff, Sheila. 2003. "Breaking the waves in science studies: comment on H.M. Collins
 and Robert Evans, ‘The Third Wave of Science Studies’." Social Studies of
 Science 33(3): 389-400. 
 
 
 



 147 

Jennings, Marianne M. Rain-forest algebra and MTV geometry. The Textbook Letter 
 November-December. http://www.textbookleague.org/75math.htm  
 Accessed May 17, 2017.  
 
Jeremijenko, Natalie. 2002-Present. “Feral Robotic Dogs.” Feral Robotic Dogs
 http://www.nyu.edu/projects/xdesign/feralrobots Accessed May 15, 2017. 
  
Jobin-Leeds, Greg, and AgitArte. 2016. When We Fight We Win!: Twenty-First-Century
 Social Movements and the Activists that are Transforming Our World. New York:
 The New Press.  
 
Jones, Brian. 2014. “Standardize Testing and Students of Color.” In More Than a Score:
 The New Uprising Against High-Stakes Testing, edited by Jesse Hagopian, 71-75.
 Chicago: Haymarket Books.  
 
Kafai, Yasmin B. 1994. Minds in Play: Computer Game Design as a Context for
 Children's Learning. New York: Routledge.  
 
Kafai, Yasmin B. and Quinn Burke. 2014. Connected Code: Why Children Need to Learn
 Programming. Cambridge: MIT Press. 
 
Kafai, Yasmin, Kristin Searle, Cristóbal Martinez, and Bryan Brayboy. 2014.
 "Ethnocomputing with Electronic Textiles: Culturally Responsive Open Design to
 Broaden Participation in Computing in American Indian Youth and
 Communities." Paper Presented at the 45th ACM Technical Symposium on
 Computer Science Education, Atlanta, GA, March 5-8.  
 
Karvonen, Andrew and Bas van Heur. 2014. “Urban Laboratories: Experiments in
 Reworking Cities.” International Journal of Urban and Regional Research 38(2):
 379-392. 
 
Kaiser, David, ed. 2005. Pedagogy and the Practice of Science: Historical and
 Contemporary Perspectives. Cambridge: MIT Press. 
 
Kelan, Elisabeth K. 2009. "Gender Fatigue: The Ideological Dilemma of Gender
 Neutrality and Discrimination in Organizations." Canadian Journal of
 Administrative Sciences/Revue Canadienne des Sciences de l'Administration 26
 (3): 197-210. 
 
Keller, Evelyn Fox. 1983. A Feeling for the Organism: The Life and Work of Barbara 
 McClintock. New York: W. H. Freeman and Company. 
 
Klein, Naomi. 2007. The Shock Doctrine: The Rise of Disaster Capitalism. New York:
 Picador. 
 



 148 

Knorr-Cetina, Karin. 1981. The Manufacture of Knowledge: An Essay on The
 Constructivist and Contextual Nature of Science. New York: Pergamon Press.   
 
Knorr-Cetina, Karin. 1995. “Laboratory Studies: The Cultural Approach to the Study of
 Science.” In Handbook of Science and Technology Studies, Second Edition, edited
 by Sheila Jasanoff, Gerald E. Markle, James C. Petersen, Trevor Pinch, 140-166.
 Thousand Oaks: Sage  Publications.  
 
Knorr-Cetina, Karin. 2001. “Laboratory Studies: Historical Perspectives.” In
 International Encyclopedia of the Social & Behavioral Sciences, edited by Neil J.
 Smelser and Paul B. Baltes, 8232-8238. Amsterdam: Elsevier.  
 
Kuhn, Sarah. 2016. “Fiber Arts and Generative Justice.” Teknokultura, 13(2):461-489. 
 
Kuhn, Thomas S. 2012. The Structure of Scientific Revolutions, Third Edition. Chicago:
 University of Chicago Press. 
 
Lachney, Michael. 2014. “Building the Lego Classroom.” In Lego Studies: Examining
 the Building Blocks of a Transmedial Phenomenon, edited by Mark. J. P. Wolf,
 166-186. New York: Routledge.  
 
Lachney, Michael. 2016. “Culturally Responsive Computing as Brokerage: Toward Asset
 Building with Education-Based Social Movements.” Learning, Media and
 Technology. DOI: 10.1080/17439884.2016.1211679 
 
Lachney, Michael, and Dean Nieusma. 2015. “Engineering Bait-and-Switch: K-12
 Recruitment Strategies Meet University Curricula and Culture.” Paper Presented
 at the 2015 American Society for Engineering Education Annual Conference,
 Seattle WA, June 14-17.  
 
Lachney, Michael, Audrey Bennett, Jorge Appiah, and Ron Eglash. 2016a. “Modeling in
 Ethnocomputing: Replacing Bi-Directional Flows with Recursive Emergence.”
 International Journal for Research in Mathematics Education 6(1): 219-243.  
 
Lachney, Michael, William Babbitt, William, and Ron Eglash. 2016b. “Software Design 
 in the ‘Construction Genre’ of Learning Technology: Content Aware Versus 
 Content Agonistic.” Computational Culture: A Journal of Software Studies 5: 
 http://computationalculture.net/article/software-design-in-the-construction-genre-
 of-learning-technology-content-aware-versus-content-agnostic Accessed July 7,
 2017 
 
Ladson-Billings, Gloria. 1995. “Toward a Theory of Culturally Relevant Pedagogy.”
 American Educational Research Journal 32(3): 465-491.  
 
 
 



 149 

Ladson-Billings, Gloria, & William F. Tate. 2017. “Toward a Critical Race Theory of
 Education.” In Critical Race Theory in Education: All God’s Children Got a
 Song, edited by Adrienne D. Dixson, Celia K. Rousseau Anderson, and Jamel K.
 Donnor, 11-30. New York: Routledge.  
 
Lagemann, Ellen Condliffe. 2000. An Elusive Science: The Troubling History of
 Education Research. Chicago: University of Chicago Press. 
 
Lakatos, Imre, and Paul Feyerabend. 1999. For and Against Method: Including Lakatos's
 Lectures on Scientific Method and the Lakatos-Feyerabend Correspondence.
 Chicago: University of Chicago Press. 
 
Latour, Bruno. 1993. The Pasteurization of France. Cambridge: Harvard University
 Press. 
 
Latour, Bruno, and Steve Woolgar. 1986. Laboratory Life: The Construction of  
    Scientific Facts. Princeton: Princeton University Press. 
 
Lave, Jean, and Etienne Wenger. 1991. Situated Learning: Legitimate Peripheral 
 Participation. Cambridge: Cambridge University Press. 
 
Lemerise, Tamara. 1990. “Can we Integrate Logo into the Regular Mathematics
 Curriculum and Sill Persevere the Logo Spirit?” For the Learning of Mathematics
 10(3): 17-19.  
 
Lewis, Karen. 2014 “Testing Nightmares.” In More Than a Score: The New Uprising
 Against High-Stakes Testing, edited by Jesse Hagopian, 77-84. Chicago:
 Haymarket Books.  
 
Lipka, Jerry, Gerald Vincent Mohatt and The Ciulistet Group. 1998. Transforming the
 Culture of Schools: Yup'ik Eskimo Examples. Mahwah: Lawrence Erlbaum
 Associates. 
 
Lipka, Jerry, Joan Parker Webster, and Evelyn Yanez. 2005a. "Factors that Affect Alaska
 Native Students’ Mathematical Performance." Journal of American Indian  
 Education 44 (3): 1-8. 
 
Lipka, Jerry, Maureen P Hogan, Joan Parker Webster, Evelyn Yanez, Barbara Adams,
 Stacy Clark, and Doreen Lacy. 2005b. "Math in a Cultural Context: Two Case
 Studies of a Successful Culturally Based Math Project." Anthropology & 
 Education Quarterly 36 (4): 367-385.  
 
Lipman, Pauline. 2011. The New Political Economy of Urban Education: Neoliberalism,
 Race, and the Right to the City. New York: Routledge. 
 



 150 

Littlefield, Joan, Victor R. Delclos, John D. Bransford, Keith N. Clayton, and Jeffrey J. 
 Franks. 1989. "Some prerequisites for teaching thinking: Methodological issues    
 in the study of LOGO programming." Cognition and Instruction 6(4): 331-  
 366. 
 
Looi, Chee-Kit, and Lung-Hsiang Wong. "Designing for Seamless Learning." In
 Handbook of Design in Educational Technology, edited by Rosemary Luckin,
 Sadhana Puntambekar, Peter Goodyear, Barbara L. Grabowski, Joshua
 Underwood, and Niall Winters, 146-157. New York: Routledge, 2013. 
 
Luker, Kristin. 2008. Salsa Dancing into the Social Sciences: Research in an Age of Info
 Glut. Cambridge: Harvard University Press. 
 
Lyles, Dan, Michael Lachney, Ellen Foster, & Zoe Zatz. 2016. “Generative Contexts: 
 Generating Value Between Community and Educational Settings.” Teknokultura
 13(2): 613-637. 
 
Maclachlan, John C., Michael Jerrett, Tom Abernathy, Malcolm Sears, and Martin J.
 Bunch. 2007. "Mapping health On the Internet: A New Tool for Environmental
 Justice and Public Health Research." Health & Place 13(1): 72-86. 
 
Margolis, Jan, and Allan Fisher. 2003. Unlocking the Clubhouse: Women in Computing.
 Cambridge: MIT Press. 
 
Margolis, Jane, Rachel Estrella, Joanna Goode, Jennifer Jellison Holme, and Kim Nao.
 2008. Stuck in the Shallow End: Education, Race, and Computing. Cambridge:
 MIT Press.  
 
Martin, Brian. 1997. "Mathematics and Social Interests." In Ethnomathematics:
 Challenging Eurocentrism in Mathematics Education, edited by Arthur B. Powell
 and Marilyn Frankenstein, 155-172. Albany: State University of New York Press.  
 
Martinez, Sylvia Libow, and Gary Stager. 2013. Invent to Learn: Making, Tinkering, and
 Engineering in the Classroom. Torrance: Constructing Modern Knowledge Press. 
 
Marx, Karl. 1976. Capital Volume I. London: Penguin Books.  
 
McLeod, Kembrew. 1999. “Authenticity Within Hip‐Hop and Other Cultures Threatened
 with Assimilation.” Journal of Communication, 49(4): 134-150.  
 
Mertler, Craig A. 2013. Action Research: Improving Schools and Empowering
 Educators. Thousands Oaks: Sage Publications. 
 
Miller, Peter, and Ted O'Leary. 1994. “The Factory as Laboratory.” Science in Context
 7(03): 469-496. 
 



 151 

Mos Def. 1999. Black on Both Sides. New York: Rawkus and Columbia Records.  
 
Mukhopadhyay, Swapna, Author B. Powell, and Marilyn Frankenstein. 2009. “An 
 Ethnomathematical Perspective on Culturally Responsive Mathematics
 Education.” In Culturally Responsive Mathematics Education, edited by Greer,
 Brian, Swapna Mukhopadhyay, Arthur B. Powell, and Sharon Nelson-Barber, 65-
 84. New York: Routledge.  
 
NAACP. 2016. “Statement Regarding the NAACP’s Resolution on a Moratorium on
 Charter Schools. NAACP.” http://www.naacp.org/latest/statement-regarding-
 naacps-resolution-moratorium-charter-schools/ Accessed June 14, 2017.  
 
Nacu, Denise C., Caitlin K. Martin, Nichole Pinkard, and Tene Gray. 2014. "Analyzing
 Educators’ Online Interactions: A Framework of Online Learning Support Roles." 
 Learning, Media and Technology 39 (1): 1-23. 
 
National Equity Atlas. 2016. “School Poverty United States.” National Equity Atlas.
 http://nationalequityatlas.org/indicators/School_poverty/Over_time%3A35536/U
 ited_States/false/School_type%3APrimary_schools Accessed May 15, 2017. 
 
Ogbu, John, and Herbert D. Simons. 1998. “Voluntary and Involuntary Minorities: A
 Cultural-Ecological Theory of School Performance With Some Implications for
 Education.” Anthropology and Education Quarterly 29(2): 155-188.  
 
Oxford Dictionaries. 2016. “Word of the Year 2016 is Post-Truth.” Oxford Dictionaries.  
 https://en.oxforddictionaries.com/word-of-the-year/word-of-the-year-2016  
 Accessed June 14, 2017. 
 
Papert, Seymour. 1980. Mindstorms: Children, Computers, and Powerful Ideas. New
 York: Basic Books.  
 
Papert, Seymour. 1993. The Children’s Machine: Rethinking School in the Age of the
 Computer. New York: Basic Books.  
 
Papert, Seymour. 1996. “Computers in the Classroom: Agents of Change.” The
 Washington Post Education Review, 27. 
 
Parker, Jessica. 2017. “Writing and Unwriting Race: Using Hip-Hop in Writing and
 Literature Classrooms.” In Performing Antiracist Pedagogy in Rhetoric, Writing,
 and Communication, edited by Frankie Condon and Vershawn Ashanti Young,
 195-209. Fort Collins: Colorado State University Open Press.  
 
Patel, Leigh. 2016. Decolonizing Educational Research: From Ownership to
 Answerability. New York: Routledge. 
 
 



 152 

 
 
Pearson, Rick, Juan Perez Jr. and Michelle Manchir. 2014. “Brain Tumor keeps Karin 
 Lewis out of Mayor Race.” Chicago Tribute. 
 http://www.chicagotribune.com/news/local/breaking/chi-karen-lewis-not-running-
 for-chicago-mayor-20141013-story.html Accessed July 17, 2017.  
 
Piaget, Jean, and Bärbel Inhelder. 1969. The Psychology of the Child. New York: Basic
 Books. 
 
Pinch, Trevor. 1986. Confronting Nature: The Sociology of Solar-Neutrino Detection. 
 Boston: D. Reidel Publishing.  
 
Pinkard, Nichole. 2001. "Rappin' Reader and Say Say Oh Playmate: Using Children's
 Childhood Songs as Literacy Scaffolds in Computer-Based Learning
 Environments." Journal of Educational Computing Research 25(1): 17-34. 
 
Poirier, Lindsay, Dominic DiFranzo, and Marie Joan Kristine Gloria. 2014. "Light
 structure in the Platform for Experimental Collaborative Ethnography." Paper
 Presented at the Web Science 2014 Workshop Interdisciplinary Coups to
 Calamities, Bloomington, IN, June 23-26.  
 
Poirier, Lindsay. Forthcoming. “Devious Design: Digital Infrastructure Challenges for
 Experimental Ethnography.” Design Issues.  
 
Ratto, Matt. 2011. "Critical Making: Conceptual and Material Studies in Technology and
 Social Life." The Information Society 27(4): 252-260. 
 
Reardon, Sean F., and Joseph P. Robinson. 2008. “Patterns and Trends in Racial/Ethnic
 and Socioeconomic Academic Achievement Gaps.” In Handbook of Research in
 Education Finance and Policy, edited by Helen F. Ladd and Edward B. Fiske,
 497-516. New York: Routledge.  
 
Rethinking Schools Editors. 2013. “The Trouble With the Common Core.” Rethinking
 Schools, 27(4): http://www.rethinkingschools.org/archive/27_04/edit274.shtml   
 Accessed July 7, 2017.  
 
Resnick, Mitchel. 1997. Turtles, Termites, and Traffic Jams. Cambridge: MIT Press. 
 
Richard, Gabriela T., and Yasmin B. Kafai. 2016. “Blind Spots in Youth DIY
 Programming: Examining Diversity in Creators, Content, and Comments within
 the Scratch Online Community.” Paper Presented at the 2016 Special Interest
 Group on Computer Human Interactions Conference, San Jose, CA, May 7-12.  
 
 
 



 153 

Rofes, Eric. 1998. How Are School Districts Responding to Charter Laws and Charter
 Schools?: A Study of Eight States and the District of Columbia. Berkeley: Policy
 Analysis for California Education.  
 
Rothstein, Edward. 2013. “A Vision That’s Not Quite a Snap: In ‘Art of the Brick,’
 Nathan Sawaya with Lego.” New York Times. 
 http://www.nytimes.com/2013/06/14/arts/design/in-art-of-the-brick-nathan-
 sawaya-works-with-lego.html Accessed June 14, 2017.  
 
Rothman, Robert. 2011. Something in Common: The Common Core Standards and The
 Next Chapter in American Education. Cambridge: Harvard Education Press.  
 
Rothstein, Richard. 2013. For Public schools, Segregation Then, Segregation Since.
 Washington DC: Economic Policy Institute.  
 
Ryoo, Jean J., Jane Margolis, Clifford H. Lee, Cueponcaxochitl DM Sandoval, and
 Joanna Goode. 2013. "Democratizing Computer Science Knowledge:
 Transforming the Face of Computer Science through Public High School
 Education." Learning, Media and Technology 38 (2): 161-181. 
 
Schneider, Mercedes, K. 2015. Common Core Dilemma: Who Owns Our Schools. New 
 York: Teachers College Press.  
 
Scott, James C. 1998. Seeing Like a State: How Certain Schemes to Improve the Human
 Condition Have Failed. New Haven: Yale University Press. 
 
Scott, Kimberly. A., and Mary Aleta White. 2013. “COMPUGIRLS’ Standpoint:
 Culturally Responsive Computing and Its Effect on Girls of Color.” Urban
 Education 48(5): 657–681. 
 
Scott, Kimberly A., Kimberly M. Sheridan, and Kevin Clark. 2015. "Culturally
 Responsive Computing: A Theory Revisited." Learning, Media and Technology
 40(4): 412-436. 
 
Searle, Kristin A., and Yasmin B. Kafai. 2015. “Boys’ Needlework: Understanding
 Gendered and Indigenous Perspectives on Computing and Crafting with
 Electronic Textiles.” Paper Presented at the 11th Annual International Conference
 on International Computing Education Research, Omaha, NE, August 09-13.  
 
Seidman, Irving. 2012. Interviewing as Qualitative Research: A Guide for Researchers in
 Education and the Social sciences. New York: Teachers college press. 
 
Selwyn, Neil. 2014. Distrusting Educational Technology: Critical Questions for
 Changing Times. New York: Routledge.  
 



 154 

Snyder, Timothy. 2017. On Tyranny: Twenty Lessons from the Twentieth Century. New
 York: Tim Guggan Books.  
 
Sismondo, Sergio. 2017. “Post-Truth?” Social Studies of Science 47(1): 3-6.  
 
Spector, Joseph and Jon Campbell. 2016. “New Regents Chancellor has Opt-out
 Support.” Democrat & Chronicle 
 http://www.democratandchronicle.com/story/news/politics/blogs/vote-
 up/2016/03/21/rosa-elected-ny-education-chancellor/82070410/ 
 Access July 7, 2017. 
 
Solomon, Cynthia. 1986. Computer Environments for Children: A Reflection on Theories
 of Learning and Education. Cambridge: MIT Press.  
 
Spring, Joel. 2016. Deculturalization and the Struggle for Equality: A Brief History of the
 Education of Dominated Cultures in the United States. New York: Routledge. 
 
Steele, Claude M., Steven J. Spencer, and Joshua Aronson. 2002. "Contending with
 Group Image: The Psychology of Stereotype and Social Identity Threat."
 Advances in Experimental Social Psychology 34: 379-440. 
 
Strebel, Ignaz, and Jane M. Jacobs. 2014. “Houses of Experiment: Modern Housing and
 the Will to Laboratorization.” International Journal of Urban and Regional
 Research 38(2): 450-470. 
 
Svedin, Maria, & Olle Bälter. 2016. “Gender Neutrality Improved Completion Rate for
 All.” Computer Science Education 26(2-3): 192-207. 
 
Taylor, Robert P., ed. 1980. The Computer in School: Tutor, Tool, Tutee. New York:
 Teachers College Press.  
 
Tedre, Matti, and Ron Eglash. 2008. "Ethnocomputing." In Software Studies: A Lexicon,
 edited by Matthew Fuller, 92-101. Cambridge: The MIT Press. 
 
Traweek, Sharon. 1988. Beamtimes and Lifetimes: The World of High Energy Physicists.
 Cambridge: Harvard University Press. 
 
Troman, Geoff, and Bob Jeffrey. 2011. The Promise of Ethnography for Exploring
 Creative Learning.” In Researching Creative Learning: Methods and Issues,
 edited by Pat Thomson and Julian Sefton-Green, 78-87. New York: Routledge.  
  
Tucker, Bill. 2007. Laboratories of Reform: Virtual High Schools and Innovation in
 Public Education. Washington DC: Education Sector Reports. 
 
Turkle, Sherry, and Seymour Papert. 1990. "Epistemological Pluralism: Styles and
 Voices within the Computer Culture." Signs 16(1): 128-157. 



 155 

 
Uetricht, Micah. 2014. Strike for America: Chicago Teachers Against Austerity. New
 York: Verso Books. 
 
United Federation of Teachers. 2011. “UFT, NAACP Sue to Stop Closings, Co-
 Locations.” United Federation of Teachers. 
 http://www.uft.org/news-stories/uft-naacp-sue-stop-closings-co-locations    
 Accessed May 15, 2017. 
   
United Federation of Teachers. 2014. “Call to End ‘Stop-and-Frisk.’” United Federation 
 of Teachers. http://www.uft.org/around-uft/call-end-stop-and-frisk Accessed May 
 15, 2017.  
 
U.S. Department of Education. 2015. Unleashing America’s Energy for Better 
 Education: The Legacy of Race to the Top. U.S. Department of Education.
 https://www.ed.gov/news/speeches/unleashing-americas-energy-better-education
 legacy-race-top Accessed May 15, 2017.    
 
U.S. Office of Management and Budget. 2017. “America First: A Budget Blueprint to
 Make America Great Again.” U.S. Office of Management and Budget. 
 https://www.whitehouse.gov/sites/whitehouse.gov/files/omb/budget/fy2018/2018
 _blueprint.pdf Accessed June 14, 2017. 
 
Wages for Students. 2016. Wages for Students. Brooklyn: Common Notions.  
 
Wampler, Dean, and Tony Clark. 2010. “Guest Editors' Introduction: Multiparadigm
 Programming.” IEEE Software 27(5): 20-24. 
 
Warren, James. 2012. “Students Really Pay for Breaking the Rules.” New York Times. 
 http://www.nytimes.com/2012/02/17/education/in-chicago-noble-charter
 schools-punish-with-cash-fines.html Accessed June 14, 2017.  
 
Weber, Mark and Julia Sass Rubin. 2014. New Jersey Charter Schools: A Data-Driven
 View, Part 1: Enrollments and Student Demographics. Somerset: The Daniel
 Tanner Foundation.  
 
Weiner, Lois. 2012. The Future of Our Schools: Teachers Unions and Social Justice.
 Chicago: Haymarket Books. 
 
Weiss, Robert S. 1995. Learning from Strangers: The Art and Method of Qualitative
 Interview Studies. New York: Simon and Schuster. 
 
Williams, Robin. 2006. "Compressed Foresight and Narrative Bias: Pitfalls in Assessing
 High Technology Futures." Science as Culture 15(4): 327-348. 
 



 156 

Wilsdon, James. 2004. "The Politics of Small Things: Nanotechnology, Risk, and
 Uncertainty." IEEE Technology and Society Magazine 23(4): 16-21. 
 
Wilsdon, James, and Rebecca Willis. 2004. See-Through Science: Why Public
 Engagement Needs to Move Upstream. London: Demos 
 
Wingfield, Adia Harvey. 2009. Doing Business with Beauty: Black Women, Hair Salons,
 and the  Racial Enclave Economy. Lanham: Rowman & Littlefield. 
 
Winner, Langdon. 1986. The Whale and The Reactor: A Search for Limits in an Age of
 High Technology. Chicago: The University of Chicago Press. 
 
Wise, Tim. 2011. White Like Me: Reflections on Race from a Privileged Son. Berkeley:
 Soft Skull Press. 
 
Wolff, Richard D. 2012. Democracy at Work: A Cure for Capitalism. Chicago:
 Haymarket Books. 
 
Woods, Peter. 1995. Creative Teachers in Primary Schools. Buckingham: Open
 University Press.  
 
Wynne, Brian. 1992. "Misunderstood Misunderstanding: Social Identities and Public
 Uptake of Science." Public Understanding of Science 1(3): 281-304. 
 
Xiang, Yun, Michael Dahlin, John Cronin, Robert Theaker, and Sarah Durant. 2011. Do
 High Flyers Maintain Their Altitude? Performance Trends of To Students. 
 Washington DC: Thomas B. Fordham Institute. 
 
Yager, Robert Eugene, ed. 1996. Science/Technology/Society as Reform in Science
 Education. Albany: State University of New York Press.  
 
Zajonc, Arthur. 1984. "Computer Pedagogy: Questions Concerning the New Educational
 Technology." The Teachers College Record 85(4): 569-577. 
 
Zaslavsky, Claudia. 1994. "‘Africa Counts’ and Ethnomathematics." For the Learning of
 Mathematics 14(2): 3-8. 
 
 
 
	  


