
Teaching in an open village: a case study on culturally 

responsive computing in compulsory education

Michael Lachney a, Audrey G. Bennettb, Ron Eglash c, Aman Yadav a 

and Sukanya Moudgalyaa

a, Department of Counseling, Educational Psychology, and Special Education, Michigan State University, 
College of Education, East Lansing, MI, USA; bDepartment of Communication and Media, University of 
Michigan, Penny W. Stamps School of Art & Design, Ann Arbor, MI, USA; cUniversity of Michigan, School of 
Information, Ann Arbor, MI, USA

ABSTRACT
Background: As teachers work to broaden the participation of 
racially and ethnically underrepresented groups in computer science 
(CS), culturally responsive computing (CRC) becomes more pertinent 
to formal settings.
Objective: Yet, equity-oriented literature offers limited guidance 
for developing deep forms of CRC in the classroom. In response, we 
support the claim that “it takes a village” to develop equity-oriented 
CS education but additively highlight the roles of cultural experts in 
the process.
Methods: We use a case study methodology to explore one instance 
of this: a collaboration between a multi-racial team of researchers, 
a Black cosmetologist, and a White technology teacher.
Findings: Three themes supported the CRC collaboration: multi- 
directional relationship building, iterative engagement with culture- 
computing, and collaborative implementation of a hybrid lesson.
Implications: As opposed to orienting broadening participation 
around extractive metaphors like “pipelines,” our case study con-
structs the metaphor of an “open village” to orient CS education 
toward collaborations between schools and the communities they 
serve.
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Introduction

As computer science (CS) educators in the United States work to broaden the racial, 
economic, gender, linguistic, disability, and neurological diversity of students in their 
classrooms, equitable and inclusive strategies for computing education become neces-
sary. While acknowledging that efforts to broaden participation in CS are diverse in and of 
themselves (Vivian et al., 2017), this paper contributes to a heterogeneous group of efforts 
that focus on issues of racial equity and fit under the umbrella of culturally responsive 
computing (CRC).

CRC not only engages racially and ethnically underrepresented and marginalized youth 
with contextually meaningful technology experiences in educational settings, but also 
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uses technology to help confront the political, economic, and social conditions that 
produce underrepresentation and marginalization in the first place (Eglash et al., 2017). 
In terms of the former, CRC efforts have shown signs of success with the meaningful 
engagement of underrepresented students in CS, as well as specific learning outcomes 
across traditional and nontraditional curricula (Morales-Chicas et al., 2019). As an example 
of the latter, Vilchis et al. (2015) discuss a CRC program where teen girls used digital 
technologies (including visual programming) to educate their local communities about 
social issues (e.g., teen pregnancy) that impact the school environment but are often 
stigmatized or ignored by adults, including teachers.

The majority of CRC research tends to report on out-of-school or after-school contexts 
(e.g., Eglash et al 2013a; Lachney et al., 2019; Pinkard et al., 2017; Scott et al., 2015). While 
there is little doubt that the focus on informal learning environments is productive, 
especially considering the roles that schools play in reproducing inequities (Anyon, 
2014; Margolis et al., 2008), we also believe that without more attention to CRC in formal 
contexts the current state of underrepresentation is unlikely to improve. The limited 
amount of research on CRC in formal settings does highlight instances of deep engage-
ment with culture-computing connections (e.g., Sandoval, 2019), as well as instances 
where there can be improvement (e.g., Davis et al., 2019). In either case, one major 
challenge is the shallow framing of culture-computing connections (Lachney, 2017a). In 
addition, the current work on CS teacher professional development that includes a focus 
on equity-based competencies (e.g., Goode et al., 2020 ; Ryoo et al., 2015) indicates lacuna 
in fostering sophisticated understandings of culture-computing connections in formal 
contexts.

In response, we argue that collaborations with local cultural experts represent profound 
pathways for deep forms of CRC in schools. We use the term “cultural experts” to refer to 
individuals with a locally respected knowledge of the relationships between cultural 
heritages, community identities, and social activities (thus avoiding the reduction of 
culture to static racialized categories). Cultural experts might include elders, religious 
leaders, activists, mentors, culture-based entrepreneurs, artists, artisans, or others who are 
embedded within a community’s ecosystem of histories, beliefs, values, practices, and 
institutions. But, what strategies exist to support teachers’ collaborations with cultural 
experts for the purpose of CS education?

In order to begin answering this question, we explore the challenges of reproducing 
shallow culture-computing connections in formal classrooms. This shallowness is not 
merely a gap or oversight; it is caused by specific institutional arrangements and assump-
tions. To clarify, consider the metaphor of a CS “pipeline”: it is constructed in ways that 
conceive of expertise residing in elite technology companies, military labs, and other 
locations that are distanced from public life in general and marginalized communities in 
particular (e.g., De Luna Navarro, 2019). This frames young people as human resources to 
be extracted from their local context in service of capital and the state, not necessarily 
their own communities and families.

To begin constructing less extractive images and practices for broadening participation 
in CS than those associated with pipeline metaphors, we turn toward Ryoo et al.’s (2015) 
claim that “it takes a village” – not only of teachers and students but policy-makers, 
administrators, researchers, and others – to develop equity-oriented CS education. 
Beyond CS, the idea and phrase of “it takes a village” has been widely used to describe 
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communal supports for African American youth, in and out of schools (e.g., Berkel et al., 
2009; Martin et al., 2010; Harper et al., 2012; Parker et al., 2020). In support of Ryoo et al.'s 
and others' uses of the phrase, we propose an “open village” metaphor to emphasize the 
roles that cultural experts can play in not only supporting deep culture-computing 
connections in CS classrooms but also in orienting CS education toward honoring and 
celebrating localized knowledges and practices.

We ground our explanation of an open CS village in a case study where a team 
composed of a Black cosmetologist, a White middle school technology teacher, and a multi- 
racial group of researchers collaborated to design and implement a CRC lesson. Specifically, 
each brought their unique expertise to develop an understanding of the cultural algorithms 
of cornrow braids, which, we argue, are worthy of as much research and investigation as 
any other topic in computational mathematics. We detail three strategies that made this 
collaboration possible: multi-directional relationship building, iterative engagement with 
culture-computing, and collaborative implementation of a hybrid lesson.

Background

Culturally Relevant Pedagogy and Culturally Responsive Teaching

Although the theories and practices of CRC are only a couple of decades old, they are 
rooted in histories of anti-racist education, including the programs of culturally relevant 
pedagogy (CRP; Ladson-Billings, 1994) and culturally responsive teaching (CRT; Gay, 
2018). Both CRP and CRT frame young people’s identities, communities, families, lan-
guages, knowledges, and heritages as dynamic pedagogical assets – i.e., that which is of 
locally defined wealth and value – that are central to their academic and socio-emotional 
flourishing. While this might include multicultural elements (e.g., more diverse skin colors 
and names of characters in textbooks), its foundation often goes much deeper to 
culturally situated practices, linguistic conventions, epistemologies, and other sources 
of “community cultural wealth” (Yosso, 2005).

Exploring the roles of teaching and learning in building up assets and wealth in com-
munities of color becomes especially important when considering Ladson-Billings’s (2006) 
argument about the historical, economic, sociopolitical, and moral debts that the United 
States owes to Black, Brown, and Indigenous peoples due to the country’s racist and colonial 
foundations that shape present day conditions of racial segregation and stratification, 
barriers to wealth generation, exclusion from civic processes, health disparities, and more. 
The language of debt implies an accrued and accumulated amount of something owed over 
time; implicating the harm that White supremacy inflicts on people of color across 
generations.

Although currently repaying these massive debts may seem insurmountable to edu-
cators, it is important and just to address them in the ongoing processes of creating more 
equitable educational conditions and, ultimately, futures. Toward these goals, Gay (2018) 
makes the case that educators should resist the institutional pull toward assimilating 
students of color into mainstream standards, norms, and the White status quo. As 
opposed to assimilation, CRT and CRP aim to recognize and value individual and com-
munity differences in the processes of designing and implementing transformative and 
empowering education for students of color.
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Culturally Responsive Computing

CRC builds on the theories and lessons from both CRT and CRP but foregrounds the 
additive and supportive elements of computing to address the debts owed to people of 
color, especially, though not exclusively, in education systems. While CRC cannot address 
these debts on its own – indeed no research program can – it can certainly be part of 
broader politically engaged efforts and movements. CRC can help to address historical 
debts: challenging Eurocentric curricula and assimilationist schooling through ethical 
computational engagements with vernacular and Indigenous knowledge systems and 
designs (Bennett 2016; Eglash et al., 2006; Eglash et al., 2011; Eglash et al., 2013; Kafai et al., 
2014; Sandoval, 2019). CRC can help to address economic debts: directing CS education 
and computing power toward localized sources of wealth generation (e.g., traditional 
textile artisan studios) (Eglash et al., 2019; Robinson et al., 2020). CRC can help to address 
sociopolitical debts: using computing to help broker school-community relationships that 
link adults and youth to larger social movements and political processes for racial, 
economic, and educational justice (Lachney, 2017b; Vilchis et al., 2015). And, CRC can 
help to address moral debts: i.e., exploring the contradictions between, “what we know is 
right and what we actually do” (Ladson-Billings, 2006, p. 8); e.g., the tension between 
broadening participation for the sake of justice and broadening participation for the sake 
of further concentrating White wealth and power (Scott and Elliot, 2020). To help address 
these debts there is obviously a need for heterogeneity within the CRC program, but here 
we group it into two lines of often overlapping research: educational technology design 
and curriculum development.

Pinkard (1999) and Eglash et al. (2006) have led the field in the development and 
design of CRC educational technologies. Pinkard’s (2001) “Lyric Readers,” Rappin’ Reader 
and Say Say Oh Playmate, are computational learning environments that draw on African 
American children’s prior knowledge of rap lyrics and clap-routines, respectively, to help 
with literacy instruction. The strategy builds on home and neighborhood assets to bridge 
oral and written language. In the context of mathematics, Eglash et al.’s (2006) culturally 
situated design tools support the exploration of Indigenous mathematical systems (e.g., 
the logarithmic curves used to model organic growth on the textiles and stamps of the 
Akan people of modern day Ghana (Bennett et al., 2016)) through virtual design projects. 
Technology design can also be done with young people. For example, in a type of service 
learning CS project, Mertz and Quesenberry (2018) worked with college students to 
develop a website to aid a government agency in low-income housing identification, 
a hospital Skype cart to facilitate communication between staff and families, and so on.

The second line of CRC research focuses less on tool design (though CRC tools are 
sometimes included) and more on the design and implementation of CRC curricula and 
programs. For example, Scott and Garcia (2016) report on a library program, 
COMPUGIRLS, that supported computational thinking through social justice education 
and community-oriented research projects. They explain how the program began by 
identifying “the individual and collective talents of COMPUGIRLS participants and [then] 
use[d] their funds of knowledge as a base for nurturing their habits of mind toward 
undertaking techno-social activism” (Scott & Garcia, 2016, p. 67). Another curriculum- 
oriented program is Kafai et al.’s (2014) Ethno E-Textiles, which leveraged the open-ended 
design affordances of existing electronic textile technologies to connect computing to 
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traditional crafting and textile practices in Native American art courses and summer 
camps. They found that the program’s promotion of “design agency” – a procedural 
mangling of human and non-human agencies (Bennett et al., 2016) – helped students 
translate their interests, ideas, and identities across platforms and artifacts. Kafai et al. 
(2014), note, however, that such open-ended design “also runs the risk that students will 
continue to view community funds of knowledge, such as local indigenous knowledges, 
and digital computation as distinct bodies of knowledge that do not and should not 
connect with one another” (p. 245). As we will describe below, making explicit 
culture-computing connections within CS education is not trivial and requires that 
students have access to both computing and cultural knowledge domains in ways that 
highlight their dynamic similarities and differences (Lachney et al., in review; Lachney & 
Yadav, 2020).

Culturally Responsive Computing in Formal Education

While CRC research tends to report on out-of-school or after-school initiatives (Eglash 
et al., 2013a, 2020; Erete et al., 2017; Lachney et al., 2019; Pinkard et al., 2017; Scott & 
White, 2013), efforts to broaden participation in computing education and fields have 
made this body of work also relevant to formal settings. The U.S. Computer Science 
for All (CSforALL) movement has been particularly important for motivating research-
ers, teachers, and other educational stakeholders to explore more equitable forms of 
CS education (Vogel et al., 2017; Ryoo, 2019). From President Obama’s initiative to 
the national network for organizing the movement, CSforAll has brought issues of 
diversity, equity, and inclusivity to the forefront of K-12 CS education (Goode et al., 
2018). Turning toward CRC specifically, it has largely been put in contact with 
compulsory education through formalized curriculum and teacher professional 
development.

One of the more dynamic in-school curricula is called Exploring Computer Science 
(ECS), which affords opportunities for computational engagements that are context 
specific and/or culturally relevant (Ryoo et al., 2013). As designers and researchers of 
ECS make clear, implementing equity-oriented CS education requires that teachers not 
only have CS knowledge but also knowledge of the communities where schools are 
located and how forms of oppression (e.g., racism and colonialism) can cause ongoing 
harm to those communities (Goode & Ryoo, 2019; Sandoval, 2013). In one instance of ECS 
implementation, Sandoval (2019), an Xicana scholar activist, worked closely with 
“Mr. Adams”, a teacher of European-descent, to explore intersections between CS and 
social justice across school and not-school contexts, including going to a food justice 
symposium and connecting curricular content to a local community garden. In this case, 
the culture-computing connections were grounded in a strong, non-trivial community 
orientation. Reporting on a different high school CS curriculum based on culturally 
situated design tools, Davis et al. (2019) argue that explicit strategies and resources are 
needed for teachers to deeply and meaningfully engage with cultural assets (local and 
global), otherwise teachers might avoid them all together or emphasize false dichotomies 
between computing and culture.

In a qualitative study of ECS teacher professional development, Goode et al. (2020) 
found it challenging for many White teachers to connect ideas at the intersections of 
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computing, race, and culture to their own pedagogical practices. Scott et al. (2010) 
emphasize cross-expertise relationship building in their discussion of what teachers 
need to know for implementing CRC programs and making such connections. For 
example, some COMPUGIRLS programs have brought together college students from 
across academic disciplines and in-service teachers, with the idea that college stu-
dents can fill in teachers’ technology knowledge gaps and teachers can fill in 
graduate students’ pedagogic knowledge gaps. Whether it is professional develop-
ment for supporting COMPUGIRLS programs, implementing the ECS curriculum, or 
another equity-oriented CS initiative, it appears that being able to bridge multiple 
social worlds and expertise signals teachers’ abilities to support deep forms of 
equity-oriented CS education and CRC. While many teachers will be able to do this 
on their own, we argue that these bridges can also be created through collaborative 
relationships with local cultural experts.

Teaching in an Open Village

An important innovation of ECS and other programs is the emphasis on teacher learning 
communities that reach beyond individual schools. This may help overcome CS teachers’ 
feelings of isolation in their local contexts (Gretter et al., 2019; Yadav et al., 2016). Yet, Ryoo 
et al. (2015, p. 368) also indicate that it is not enough for CS teachers to support each other, 
“it takes a village” of “administrators, policy-makers, educational researchers, computer 
scientists, students, and parents” to develop rich and equitable CS education. While we 
certainly agree with the spirit of the it takes a village phrase, it requires more explicit 
elaboration to be fully useful. If it truly takes a Manhattan project of professional resources 
then it cannot scale; and if we merely mean the status quo then opportunities for change are 
limited.

The exact origins of the phrase “it takes a village” are unknown (Goldberg, 2016). In the 
United States, a commonly referenced print variation is from a 1981 interview with Toni 
Morrison in the African American women’s beauty, fashion, and culture magazine, 
Essence: “I don’t think two parents can raise a child. You really need the whole village. 
And, if you don’t have it, you’d better make it” (Morrison, 1994, p. 131). We build on this by 
adding the qualifier of “open” to the phrase to signal the need to invite the “whole village” 
to contribute to CS education: it takes an open village. We argue that an open village can 
be populated with relatively modest but generative resources that have the potential to 
connect formal CS education to local social life. But what does this look like in practice?

Working in the field of teacher education, Emdin (2016) suggests that one way for 
teachers (who do not live in the communities of color that they serve) to learn about 
their students is by visiting locally important institutions:

If the barbershop or salon that the teacher visits is within the neighborhood of the school or 
the community that the students are from, the teacher not only learns how to engage with 
students by observing the ways that barbers and hairdressers interact with their clients, but 
also has the opportunity to learn about the neighborhood, community events, and students’ 
parents, siblings, and extended families. (p. 59)
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Yet, supporting and facilitating these types of communal opportunities for teachers has 
not been well explored in CS education research. It is this gap in the literature that we 
begin to address in this paper with the metaphor of an open village.

Context and Methods

Participants and School

Below we detail a collaboration between a multi-racial team of university researchers, 
a middle school technology teacher (whose pseudonym is Barbra and identifies as White 
and female), and a cosmetologist/entrepreneur (whose pseudonym is Tracy and identifies 
as Black/African American and female). Starting in October 2015 and extending into 
February 2016, the research team worked with Barbra and Tracy to design and implement 
a CRC lesson for Barbra’s classroom that connected cornrow braiding, geometry, and 
computer programming. While the programming and math parts of the lesson fit into the 
existing curriculum, more difficult was the authentic integration and representation of 
cornrow braiding. For this reason, the collaboration between Barbra and Tracy was 
prompted by the first author Michael Lachney (who identifies as a White man), 
the second author Audrey Bennett (who identifies as a Black woman), the third author 
Ron Eglash (who identifies as a White man), and an undergraduate research assistant.1

Barbra, a middle school teacher in Upstate New York, had previously worked with Lachney 
in university professional development programs and while implementing CS and engineer-
ing lessons after-school. They had developed a relationship based on their shared interest in 
educational technology and presented together at both researcher and practitioner educa-
tion conferences. Barbra was a particularly good candidate for being on the team because 
she already grounded her classroom in project-based learning, was excited to try new 
approaches to teaching, found value in collaborating with people from outside the school, 
and had been teaching in the same school district for over two decades. During the study, the 
middle school where Barbra worked served approximately 650 students, with over 50% 
classified as Black or African American. In addition, approximately 11% of the students were 
classified as Hispanic or Latino; 20% were White; 8% were Asian or Native Hawaiian/Other 
Pacific Islander; and 3% were multiracial. Approximately 60% of the total student population 
was classified by the state as economically disadvantaged.

In 2009, Tracy moved from Brooklyn to the city where Barbra’s school is located. At the 
time of this study, Tracy owned and ran a successful hair salon, specializing in both 
chemical treatments and natural stylings. The research team had contacted a number 
of cosmetologists in the city to see if they would be interested in collaborating with the 
research team and Barbra – who had already agreed to be part of the project – in 
exchange for a small stipend. It was expected that the collaborator would not only 
implement the lesson but also join the research team in planning and designing it. 
Tracy agreed to participate and greatly contributed to the project with not only expertise 
in braiding and cosmetology but also a rich entrepreneurial background, service in the 
National Guard, and a generally strong commitment to community engagement. This 
background meant Tracy had social and cultural capital that other members of the team 
lacked.
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Lesson Planning and Preparation

The collaboration between Tracy, Barbra, and the researchers focused on developing 
a two-day (approximately 80-minute) lesson – called “Cornrow Curves: From Community 
to School” – to be implemented with two of Barbra’s technology education classes. 
A main goal of the lesson was to make explicit the underlying scaling geometric patterns 
of cornrow braiding. This was done through both simulating braids in a visual program-
ming environment and physical braiding on a hair mannequin. This research built on prior 
work of the team (i.e., Eglash, 1999; Bennett, 2003; Eglash et al., 2006) at the intersections 
of ethnomathematics and graphic design. In addition to fostering a school-community 
relationship, the work had two additional anti-racist goals.

First, the lesson was meant to situate the adaptive scaling of cornrow braiding into 
more general mathematical knowledge systems from across the African continent, 
which supports an anti-racist challenge to Eurocentrism in the history of mathematics 
and mathematics education. Mathematically, cornrow braiding fits into a larger body of 
uniquely African designs and epistemologies that predated colonialism and are char-
acterized by their scaling geometries. Eglash (1999) provides evidence that the geo-
metric scaling in Indigenous African designs are in many cases intentional and precise. 
In the case of cornrow braiding, the naming of distinct styles is one such indication: 
“The Yoruba name for this style is ipako elede, which means the nape of the neck of 
a boar – because the boar’s bristles show a similar nonlinear scaling” (Eglash, 
1999, p. 81).

Second, the lesson aimed to celebrate and honor the historical and cultural signifi-
cance of Black beauticians in the United States. Black beauticians have not only been 
sources of local wealth generation and cultural capital, but they have also played sig-
nificant political roles in organizing for racial and economic justice (Gill, 2010; Russell, 
2011). At the same time, Black hair has long been a focus of anti-Black racism in the United 
States (Mbilishaka & Apugo, 2020). Not a year goes by without news stories about Black 
children being disciplined in schools because of their hair, which can “reinforce inter-
nalized oppression about the quality of natural hairstyles on people of African descent” 
(Morris, 2016, p. 92). There has been a growing movement in the United States to make 
hair discrimination illegal. As of November 2020, the Create a Respectful and Open 
Workplace for Natural Hair (CROWN) Act, which bans natural hair discrimination, has 
become law in seven states (The Crown Act, 2020)).

To make these anti-racist connections, the lesson used a visual programming applica-
tion called Cornrow Curves (Figure 1) that is part of a larger online suite of culturally 
situated design tools. As an online application, Cornrow Curves bridges four domains: 
African Indigenous knowledge, African American history, computer programming, and 
scaling geometry. Historically, the survival of braiding practices for African Americans 
takes place in the context of colonization, the transatlantic slave trade, and other instan-
tiations of White supremacist violence (Byrd & Tharps, 2014). Much of the original 
Indigenous knowledge system was lost, but what survived became a form of resistance 
to the erasure of African identity, and its rebirth as a continued domain of algorithmic 
innovation (Eglash & Bennett, 2009). When navigating to the Cornrow Curves application 
today, it begins with a “Background” section where users explore cornrows in the context 
of its African origins and then through the lens of African American history and culture: as 
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resistance to White supremacy, as entrepreneurship during Jim Crow, and then in exam-
ples of creative applications today in hip-hop, African futurist, and Afrofuturist commu-
nities. This is followed by tutorials, challenges, and open-ended design software where 
users drag and drop codelet blocks to creatively study and explore the design possibilities 
of the beautiful geometric algorithms of cornrow braiding.

To support making these connections explicit and deep during implementation, the 
researchers acted as brokers between Tracy and Barbra. The team collaborated in-person 
and worked in an online document to create the lesson plan itself. In-person meetings 
and online communication were not only important for interpersonal relationship build-
ing between Tracy, Barbra, and the research team, but also for supporting each others’ 
goals and understandings of the lesson content. Indeed, while the research team’s goal 
was to study how a teacher and a cultural expert might support deep culture-computing 
connections in the classroom, Tracy and Barbra had their own reasons for participating. 
Tracy saw the opportunity as a way to give back to her community and Barbra saw the 
collaboration as a new way to support CS education.

The research team first met with Barbra to go over the Cornrow Curves application 
and learn about the classroom context. During this initial meeting and others, Barbra 
and the research team discussed the language and layout of the application and how it 
might be changed to fit her classroom. In particular, Barbra used her experiences with 
online programming tutorials to help redesign the Cornrow Curves tutorial – which was 
new for the research team at the time – for the age level of her classroom. Barbra spent 
time with the team and on her own going through each part of the application, from 
the background section to the software, so as to provide feedback throughout the 
planning process.

The research team also met with Tracy on her own. The first time was at her salon to 
explore the algorithms of physical braiding. During this first meeting, researchers asked 
Tracy to demonstrate her braiding technique on a mannequin, and Lachney tried his hand 

Figure 1. A cornrow curves project from the culturally situated design tool website (csdt.org).
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to get a sense of the pattern (Figure 2). Lachney was terrible at braiding, finding it difficult 
to keep track of the three sections of hair (left, middle, and right) that are iteratively pulled 
underneath each other to create the braid. Still, this provided a way to discuss how to 
represent the algorithms for physical braiding and virtual braiding in ways that acknowl-
edge their differences while still opening possibilities for contact, translation, and creative 
design.

During the second meeting with Tracy, the team demonstrated the Cornrow Curves 
software and invited Tracy to try creating some patterns of her own. Although imple-
menting the lesson did not require Tracy to be good at using the software, it was thought 
that if she had knowledge of programming her participation in the classroom would be 
more authentic and interactive. Tracy began her visual programming education with 
Cornrow Curves, learning to click, drag, and drop blocks for the first time. From this 
meeting we learned that while the software treated each plait or twist of the hair as 
a single unit, Tracy also conceptualized each whole braid – made up of plaits – as a single 
unit. These observations led to an innovation in the software: a single “braid” block (see 
Figure 3) was developed that could be used to create one whole braid.

Figure 2. Tracy and Michael explore algorithms of braiding.

Figure 3. Current iteration of the “braid” block.
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In addition to their meetings with the research team, Tracy and Barbra met on their 
own. The meeting was important for practical reasons because co-teaching with someone 
you never met increases the possibilities for miscommunication. Tracy and Barbra 
expressed that the meeting had two additional benefits: 1) it helped them feel more 
prepared and comfortable working together in Barbra’s classroom and 2) it helped them 
feel like they were building social capital by fostering a relationship between themselves 
and, by extension, others beyond the immediate researcher-led collaboration.

The first day of the lesson began with a physical braiding tutorial by Tracy. She not only 
introduced traditional braiding techniques but also explained them using transforma-
tional geometry terms (i.e. translation, rotation, and dilation) to emphasize the adaptive 
scaling patterns of cornrows. This provided an introduction to the names of some of the 
blocks and terminology used in the Cornrow Curves application. Next, students explored 
the cultural, political, and historical background of cornrows on the Cornrow Curves 
website. Students read through the background section and then shared what they 
found most interesting with the rest of the class. This was followed by a opportunity to 
physically braid with Tracy (see Figure 4). During the second day of the lesson it was not 
expected for Tracy to attend – running a salon is a huge task and for cosmetologists time 
is money – but she showed up voluntarily. Students were reminded of what they did the 
previous day and were reintroduced to geometry and computing terms. They then 

Figure 4. Tracy and Barbra talk with a student who is physically braiding during the first day of the 
lesson.
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worked through the Cornrow Curves tutorial, learning how to program and design one 
braid before transitioning into the open-ended software to create designs of their own.

Methods

We used a descriptive single-case study design (Yin, 2014) to get a close-up, focused, and 
zoomed-in view of the collaboration between Tracy, Barbra, and the research team. One 
of the challenges of any case study is constructing the boundaries of the case itself, which, 
for us, was done around the design and implementation of the lesson plan. This meth-
odological choice is meant to focus on revealing “patterns and connections, in relation to 
theoretical constructs, in order to advance theory development” (Tobin, 2010, p. 289). We 
are interested in advancing Ryoo et al.’s (2015) claim that it takes a village to broaden 
participation in formal CS education, but include in this proposition that it should be an 
“open” village: a village that includes diverse expertise and epistemologies beyond those 
traditionally associated with compulsory schooling. Therefore, an affordance of 
a descriptive case study is the advancement of a theoretical proposition (i.e., an open 
village) that can be considered beyond this particular instance.

Case studies often require the convergence of a variety of data to ensure validity and 
accuracy. One strategy is the process of “triangulation”: comparing, corroborating, and 
converging multiple sources of evidence for analysis and interpretation (Yin 2014, p. 116). 
The term triangulation is a bit misleading, as it suggests a process with three sources. 
A more accurate term might be “polyangulation” because the sources of data can be as 
low as two and go above three (Mertler, 2019, p. 13). Commonly used sources include 
interviews, observations, documents, and material artifacts, but deciding what sources are 
appropriate is largely case dependent.

For this study, five sources of data were used to construct our findings below: the co- 
authored lesson plan, email correspondences between lesson plan designers, reflective 
semi-structured interviews with Tracy and Barbra, fieldnotes, and pictures taken by the 
research team during implementation. We oriented the analysis of these data around the 
two reflective semi-structured interviews. The interviews were conducted with Tracy and 
Barbra (each individually) after implementation to get their assessment of the lesson 
design and implementation processes. We rely heavily on these interviews in our analysis 
because they represent a through-line in which to connect the other data. In addition to 
each interview itself, we spent time together orienting the direction of the interview, 
catching up generally, and discussing future work. The interviews themselves lasted 
approximately 25-minutes. The interviews were designed around open-ended questions 
to prompt reflective discussion about Tracy and Barbra’s experiences with Cornrow 
Curves, the design and implementation of the lesson plan, and their more personal and 
general thoughts about the whole process.

We (Lachney and Moudgalya) read the interview transcripts separately multiple times, 
using our own preferred methods of annotation to interpret and organize the text into 
themes. On two different occasions we met to systematically discuss our interpretations 
using a conversational technique of “dialogical intersubjectivity” (Saldaña, 2015, p. 37): 
“agreement through a rational discourse and reciprocal criticism between those inter-
preting a phenomenon” (Brinkmann & Kvale, 2015, p. 279). Given the intimate and 
collaborative nature of this research, we felt that this technique reinforced 
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a methodological “closeness” (Turkle and Papert 1990; Keller, 1984) to the data that 
helped to conceptually simulate the lesson design and implementation processes. At 
the same time, Moudgalya, who was not part of the implementation, helped to construct 
a critical distance from the collaboration. We corroborated our interpretations with the 
lesson plan, emails, fieldnotes, and pictures to bolster the conversations and ensure 
accuracy. We interrogated and questioned our underlying assumptions at each step of 
the interpretive process, addressing concerns by revisiting the data and iteratively recon-
structing our findings.

An Open Village Case Study

Our findings below explore three themes of the collaboration between Tracy, Barbra, and 
the research team: multi-directional relationship building, iterative engagement with cul-
ture-computing, and collaborative implementation of a hybrid lesson. We frame these as 
strategies for bringing people together in an open CS village that challenges traditional 
demarcations about what counts as “legitimate” knowledge in schools.

Multi-directional Relationship Building

What we mean by multi-directional relationship building is a sense of mutuality between 
those who were involved in the collaboration; i.e. the collaboration did not only benefit 
Barbra, her school, and the research team but also Tracy. Given that this work took place 
within existing institutional power dynamics, it would be wrong to assume that the 
reciprocity was equal or symmetrical. Therefore, we can interpret Tracy and Barbra’s 
discussions of the project as pointing to possible ways this asymmetrical mutuality played 
out during the collaboration.

Let’s start with Barbra and her school. At one time, Barbra explained how the lesson fit 
within her larger CS education goals:

I’d like to actually do the Cornrow Curves activity again, but do Hour of Code first, and then do 
this activity. I think it would build a better link to this because Hour of Code does do it block 
by block by block and they can see it build, see the progression, where we probably could do 
the same thing with the Cornrow Curves.

At the same time, she also had a clear idea about how the lesson fit into her more general 
strategy for instructional differentiation:

. . . every activity doesn’t engage every kid, so that’s why I like to do a variety of activities. So 
when you had mentioned . . . this activity, I’m like, “That’d be great” because now that hits it 
yet again another group of possible interest. My goal is to hopefully do something in here 
that engages some kid along the way. I don’t expect them to be getting engaged in every-
thing, but like the one girl who did the Cornrow Curves in third period she went right home 
[and] got a permission slip signed so she could come in and be in pictures.

Here, relationship building is posed to have clear implications for the implementation of 
Cornrow Curves and, by extension, CS education at the school. This is to be expected since 
everyone involved collaborated to produce a deliverable for Barbra’s classroom (i.e., the 
lesson plan). Yet, this also highlights the risks of extracting and assimilating Tracy’s 
localized knowledge into compulsory schooling. Indeed, shallow cultural representations 
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that help to functionally teach CS content but do not present epistemic challenges to the 
mainstream curriculum or discipline can end up reproducing the White status quo (Davis 
et al., 2019; Lachney, 2017a).

Tracy and Barbra also used their expertise to contribute to the design of Cornrow 
Curves and, therefore, benefited the researchers and university. For example, Tracy had 
a strong influence on the creation of the “braid” block (i.e., Figure 3), which is now a main 
feature of the application. Here, Tracy described the process of learning to virtually 
simulate a cornrow design:

It didn’t take me long to do a [single] braid. But to try to do a design that I had on my 
mannequin head on the C-SNAP, [i.e. Cornrow Curves] that took a little mental thinking. It 
probably took about three hours, we were in there all day. Well, I just—I think if I were to do it 
now I think it’ll take me like an hour.

Barbra also made contributions, especially in terms of the tutorial:

I thought the tutorial was good, I went through it [and] was able to do the whole math one 
[i.e. tutorial] and then we fix[ed] the problem at the end with the color, but otherwise 
I thought it was easy to follow.

Each of these quotes speaks to the time and energy that Tracy and Barbra put into 
supporting the design of the lesson and online application, clearly directing their knowl-
edge toward the research team.

Like K-12 school systems, universities can be extractive and assimilationist. It is 
extremely difficult to get beyond this messy reality while working within these systems. 
At the same time, it has been theorized that CRC can support “brokerage” strategies 
that bring together different actors and groups in dynamic coalition building for 
educational justice (Lachney, 2017b). Even more radical is the idea that CRC research 
can not only support learning but also local economic assets and activities (e.g., Black 
entrepreneurship, grassroots activism, artisan traditions, etc.) (Eglash et al., 2019; 
Robinson et al., 2020).

This is where we turn to how the collaboration may have benefited Tracy. To do this we 
go beyond the financial incentive from the research team, but this is not to trivialize this 
part of the work. Financial investments in the enrollment of cultural experts in CRC 
projects – paying them to participate in professional development and lesson design 
and implementation – should be viewed as an investment in equitable CS education. With 
this said, what else might Tracy have got out of the collaboration?

Tracy was explicit about what Cornrow Curves and the collaboration had to offer her 
and perhaps other hairstylists: “I think it gives us an opportunity to be involved with our 
community and get our name out there, get people coming to our salon and us helping 
the community as well as helping the students.” Here and elsewhere, she indicated that 
there is inherent value in being involved and giving back to one’s community. But Tracy 
also indicated that the collaboration around Cornrow Curves provided a type of social 
capital that might be turned into financial capital if putting her name “out there” results in 
salon customers. Indeed, both Tracy and Barbra spoke about the introductions made to 
other teachers in the school as a result of the collaboration. However, Tracy did not think 
Cornrow Curves itself could support her profession:
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C-Snap [i.e., Cornrow Curves] the program in itself, we use our hands, so unless they [i.e. the 
Cornrow Curves development team] can make a software for us [i.e. stylists], to be more like 
better in our profession . . . [it] won’t help but . . . doing the project with C-SNAP and within the 
community does help us as stylists.

This response brings up an interesting question: how might educational technologies be 
designed to aid both cultural entrepreneurs and CS learners? Research in CRC technology 
design might take this question seriously, beginning with the design of innovative 
technologies for localized contexts of wealth generation (e.g., an African braiding shop, 
community garden, etc.) and then translating them to fit curricula and educational 
contexts.

While Tracy did not see any direct material benefit of the software to stylists, she did 
indicate that it had epistemic value. Tracy reported that participating in the project and 
working with Cornrow Curves provided her with not only new perspectives about math 
and programming but also her own expertise in braiding and her relationship to 
science:

I feel like a scientist now. I could go out there [as] a scientist and a teacher, now I feel like I can 
just conquer the world . . . . just kidding. No, but I do—I feel like I am a lot more knowledge-
able in, you know, computer programming, geometry, hair braiding.

The fact that Tracy felt that she learned additional information about braiding may 
indicate that the collaboration was epistemologically generative, with computing, math, 
and braiding working together in a co-constitutive relationship. This type of understand-
ing is what Cornrow Curves is designed to facilitate. While the main user groups are 
students and teachers, exploring what cultural experts also learn from the application is 
worth further investigation.

Iterative Engagement with Culture-computing

Our lesson design and implementation necessitated that Tracy, Barbra, and the research 
team extend their material and epistemic frames of reference around cornrow braiding, 
math, and programmable software beyond what is traditionally expected through itera-
tive engagement with culture-computing. Beyond helping to prepare for implementation, 
we found that collaboratively connecting braiding, math, and computing supported 
personal engagement with new content knowledge and reflective learning about Black 
cultural capital in the classroom. As we have argued throughout this paper, the purpose of 
working with Tracy was to challenge the risk of shallowly representing culture-computing 
connections. Tracy’s work with the team aimed to make the connections authentic by 
grounding them in the local community while highlighting the fact that math and 
computation are part of Black culture and heritage.

In this exchange with Lachney, Tracy discussed how these connections were new for 
her, before reflecting on them in the context of her childhood:

Tracy: Never, I still didn’t even get it [e.g., the math connection to braiding] the first-time you 
guys presented it to me. It only took, like, me looking at C-SNAP [i.e. Cornrow Curves] and 
really understanding how it works together, where it was like, “oh I see now how it relates.” 
And I’m like, “they should have had this a long time ago.” Especially growing up in Brooklyn. 
Because people were not thinking about math during that time. 
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Michael: What were they thinking about if not math? 

Tracy: Double-dutch . . . [laughs] I don’t know, like taking the bus home. I don’t know just like 
—you just have a different mentality when you come from urban life, when you come from 
like lower-income families, the ghetto, you just—you’re not thinking about that, math is not 
important to you. It’s more like survival almost. Who’s going to be home when you’re coming 
home like—or if you probably have a ton of chores, you probably have to walk home . . . So 
you’re not really thinking about doing homework and—or learning math.

At one time, this exchange reinforces the claim that computing can help people of all ages 
think mathematically by bridging and problematizing the dichotomies between the 
“concrete” and “abstract” (Papert, 1980) or “physical” and “psychological” (Turkle, 1984). 
Indeed, Cornrow Curves aims to make explicit the mathematical sophistication of African 
epistemologies in the design of cornrow braids.

At the same time, it helps to show that simply adding culture to math or computing 
curriculum and stirring is not enough for making deep culture-computing connections. To 
work, the intervention needed to change the contours of the hegemonic epistemological 
and expertise landscape. Tracy noted that once having worked with Cornrow Curves 
herself, she could now see the concept of Indigenous mathematical knowledge and how 
an awareness of its existence might benefit Black communities. The contrast of this new 
awareness with Tracy’s initial reaction – that there is no heritage math in her community – 
helps to reveal the ways that schools demarcate what is considered legitimate (e.-
g.,“homework”) and not-legitimate (e.g., “double-dutch”) sources of mathematical 
knowledge.

We believe that this pattern perpetuates structural racism by discouraging access to 
mathematical and computational ideas that are embedded in local community contexts. 
When only elite cultural capital provides wealth access, a caste-like economic split results 
(Bourdieu, 1979). Consider, for example, the title of Hofstadter’s breakthrough work 
linking computing and culture: Gödel, Escher, Bach. Couldn’t it be Gödel, Escher, Blakey? 
Must neuroscience link intelligence and music as The Mozart Effect and not The Marley 
Effect? Does machine learning have to call its rule-based decision trees The Cubist Model 
simply because referencing Picasso fits within existing Eurocentric narratives more so 
than the African art works that inspired him? Such choices are ignoring the rich mathe-
matical and computational connections to Black culture and heritage (Powell & 
Frankenstein eds. 1997; Eglash, 1999; Gerdes, 1999; Zaslavsky, 1999), while highlighting 
those of White culture. This is much to the detriment of young Black children who may be 
wealthy in cultural capital that is mathematically and computationally sophisticated but 
lack the financial means to explore math and computing by hegemonic technological 
framings and access.

Through her work with Tracy and the research team, Barbra also recognized the larger 
role that culture-computing connections can play at her school to celebrate the mathe-
matical and computational heritages of Black peoples. She reflected that the whole 
implementation could be improved with more time spent on the cultural and historical 
background sections, as well as studying the math and computing of physical braiding 
processes. More so than the programming aspect, these were the unique contributions 
that the lesson brought to Barbra’s classroom. Barbra was particularly interested in how 
other culturally situated design tools might fit into existing programs at her school.
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After reviewing the different options, she proposed using the Adinkra Computing 
application – designed for users to explore how Ghanaian Adinkra artisans use logarith-
mic curves to model organic growth – to make t-shirts for the following year’s Black 
History Month celebration:

That’s the other thing I like, that each of the symbols has a different meaning. So the kids can 
pick the ones that are of value to them. And if we were to do that for a Black History Month 
that means my group in the fall, I have kids fall and spring, the group in the fall will have done 
it, the group in the spring will have done it. I don’t know, [we could] make it bigger if I get 
somebody [to] donate t-shirts.

Indeed, the following year Barbra did implement a Adinkra Computing lesson, connecting 
her classroom with the research team and a local Black historian who had intimate 
knowledge of the history and use of Adinkra symbols in the United States. Tracy also 
continued to work with the research team after the lesson, not only attending profes-
sional development workshops but also helping to connect math, computing, and braid-
ing at a youth summer camp. The continued collaborations with Tracy and Barbra suggest 
that while culture-computing connections may not initially be obvious, once teachers and 
cultural experts have opportunities for iterative engagement with them it becomes 
possible to more deeply explore the connections and/or identify others.

Collaborative Implementation of a Hybrid Lesson

Here the collaborative implementation of a hybrid lesson pertains to the use of the final 
deliverable (i.e. the “Cornrow Curves: From Community to School” lesson) with students. 
We use the term hybrid to remind readers that the translation process is always messy and 
incomplete, but it is possible to make adjustments on both sides that ultimately provides 
students with ways to connect these knowledge systems and social worlds in one learning 
environment. When reflecting on the implementation, we found that Barbra and Tracy 
emphasized nontraditional expectations about expertise and authority in the classroom, 
which helped to center Black cultural capital.

In her pedagogy generally and in this lesson specifically, Barbra sought out and 
encouraged nontraditional forms of authority and a multiplicity of expertise in her class-
room. For example, in addition to opening space for Tracy and the research team to help 
teach about braiding, math, and computing, Barbra also encouraged adults from all over 
the building to attend her class and show off their braiding and/or computing skills. 
Indeed, staff from other parts of the school did show up to the first day of the lesson, 
curious about the lesson and, in some cases, ready to demonstrate their own expertise. 
This made the classroom environment busy, active, and loud with children and adults 
engaged in individual or small group activities.

While she was reflecting on what could have been improved in the lesson, Barbra was 
able to frame her ignorance of the physical braiding process as a potential pedagogical 
asset for broadening who has expert knowledge and authority in her classroom:

I’m not sure how to braid, so I wouldn’t really be an asset in that. But then, now that I say that 
out loud, the kids that do know how to braid could be the teachers, which I think is a great 
thing too when the kids can go through and instruct.
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This is not to suggest that Barbra reveled in her ignorance. As we have articulated above, 
she was committed to learning the historical, cultural, mathematical, and computational 
significance of cornrows. This is instead to acknowledge Barbra’s ability to give up some 
classroom authority. Indeed, as Barbra and the research team collaborated time and time 
again, Barbra would pedagogically favor the active and messy classroom over a static and 
orderly one, which was helpful for the research team members who were committed to 
the design and study of bottom-up CS education.

While reflecting on lesson implementation, Tracy also recognized the affordances of 
letting students be the experts in the room:

I like the students that are shy because I feel like those are the ones that really do need the 
help but they don’t know how to express themselves. And when one of the students was shy 
and she didn’t want—but she knew how to braid and she didn’t want to show everyone that 
she knew how to braid. She was the one that actually had problems with the math. So having 
her come up and show everyone how to braid was really nice. And then when I started asking 
her questions on like what is this called rotation or translation or whatever and just getting 
her into the geometry terms and she—at first didn’t remember but then when I explained it 
to her with the cornrow, then she remembered. And then I forgot and asked her and she 
reminded me.

Tracy’s ability to translate knowledge across math, computing, and braiding appeared 
meaningful to some students. Crucially, this influenced some students’ perceptions of 
who to ask for help from when programming in Cornrow Curves. Reflecting on her 
experience during the second day of the lesson Tracy explained:

It was exciting . . . only because they—the students were actually coming to me to help them 
use it [i.e., Cornrow Curves] and I didn’t expect that. I thought that they would go to you 
know, you guys the professionals, because you are the ones that are hosting the program. 
[Or] the teacher, because the teacher knows—that’s their teacher, that’s who they’re com-
fortable with. So when I started to get questions and when they started to ask, like get my 
attention, to come over there to help them with things, I was like, “oh, like this is huge . . . 
I better remember this stuff.”

This speaks to the importance of relationship building for not only supporting physical 
and conceptual contact between the different domains in the classroom, but also for 
broadening conventional understandings of computing expertise and who has relevant 
knowledge to CS and mathematics.

Discussion

In this paper, we have sought to support the claim that “it takes a village” to design 
equity-oriented CS education (Ryoo et al., 2015). The task cannot be left to teachers and 
students alone, but must involve relationships between a diversity of educational stake-
holders, from researchers to parents and beyond. To highlight the importance of CRC for 
supporting racial equity in CS education, we have argued that it is helpful to think of the 
village as “open” to not only traditional educational stakeholders but also local cultural 
experts and other community members who can help teachers make deep culture- 
computing connections in their classrooms. But, what strategies exist to support teachers’ 
collaborations with cultural experts for the purpose of CS education?

18 M. LACHNEY ET AL.



To begin answering this question, consider the assets that were put into contact in the 
case study. Tracy, Barbra, and the university researchers’ collaboration was centered 
around Cornrow Curves itself. The software acted as a type of meeting point for CS 
curriculum and local cultural knowledge to connect and interact conceptually and mate-
rially. But, even when CRC software is included in CS lessons it does not guarantee deep 
culture-computing connections will be made (Davis et al., 2019). Indeed, Kafai et al. (2014), 
Goode et al. (2020), and Lachney (2017a) have made apparent that there are always risks 
of reproducing shallow culture-computing connections or assimilationist logics in CS 
education. This is why we need the open village metaphor to think through the relation-
ships that technologies like Cornrow Curves can foster.

The collaboration between Barbra, Tracy, and the research team helped us to explore 
the open village metaphor, which, we argue, frames local people and their social, 
technical, and epistemic assets in more generative terms than the traditional pipeline 
metaphors that circulate CS education discourses. Reminiscent of oil pipelines, the 
metaphors are ultimately those of extraction, linearly moving resources across locations 
for processing, distribution, and consumption. In turn, these metaphors reproduce the 
very logics of underrepresentation that they seek to challenge: for students to be CS 
experts they must look and move outside of their communities that, supposedly, lack 
relevant knowledge.

Alternatively, our open village approach to CRC locates math and computing within 
local communities and knowledge systems. For example, in this paper we treated 
cornrow braiding as a culturally situated and complex algorithm that is worthy of as 
much research and investigation as any other topic in computational mathematics. 
Through our case study, we showed how to identify the computation of localized 
cultural practices, work to avoid shallow uses of culture in the classroom, and create 
space for local cultural experts like Tracy to shape CRC research and pedagogy. With this 
in mind, we think it is important to aspire to a humble but open village that is 
populated with relatively modest but highly generative resources, without losing the 
possibilities for collaborations with universities and other institutions.

Next, consider what strategies are available for these types of collaborations. We have 
seen how Mertz and Quesenberry (2018) used social concerns, problems, and challenges 
to support CS service learning opportunities. However, this strategy frames the commu-
nity side only in terms of problems: the recipients of charity, not as bearers of knowledge. 
It also tends to focus on already-established institutions: government housing programs 
and hospitals have strong social value, but they may not be visions for social change. 
Alternatively, Sandoval (2019) and Emdin (2016) do focus on local knowledge in educa-
tion and provide visions for social change: rethinking Indigenous agroecology as urban 
food sources and recasting rap’s relationship to science in authentic inner city contexts, 
respectively. What makes Sandoval's and Emdin’s scholarship, activism, and pedagogies 
transformative is not only their abilities to create deep culture-computing or culture- 
science connections but also that they have authentic relationships to the groups whose 
knowledges they are representing. But this intersection of expertise can be highly 
situated. The average CS teacher cannot break out computing rap lyrics, for example, 
with the level of required expertise for it to be meaningful and authentic.

Thus, our main focus in this paper has been a third approach where teachers and local 
cultural experts collaborate to create deep culture-computing connections in formal 
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classrooms. This has been explored through the collaboration between the research team, 
Tracy, and Barbra. We found that this collaboration was supported by three strategies:

(1) Multi-directional relationship building – While the mutuality was asymmetrical, the 
team sought opportunities for all parties to find value in the CRC collaboration.

(2) Iterative engagement with culture-computing – While culture-computing connec-
tions might not be clear in the beginning of the collaboration, working to under-
stand them through repeated interactions across contexts and media create 
possibilities for going deeper into the connections, making new connections, 
and/or identifying others.

(3) Collaborative implementation of a hybrid lesson – Representing multiple expertise 
and epistemologies in the classroom can help to challenge traditional expectations 
about classroom authority and diversifies whose knowledge is relevant to CS.

This is not to say that this path will always be the best, but we believe it is often an 
overlooked possibility that needs to be better highlighted and researched.

To help other researchers and educators think about this approach– moving from an 
orientation of pipelines to an orientation of villages – we offer the following list of 
questions to be critically considered within the context of a project’s local power 
dynamics.

(1) Do math/computing connections emerge from and are motivated by cultural 
materials?

(2) Is the math/computing sophistication located in practitioners’ heads, hearts, and 
hands?

(3) Does the representation of the cultural components attend to the histories and 
politics of power?

(4) Is the selection of artifacts made with respect to students’ interests, histories, and 
expanded horizons?

By prompting ourselves and others to ask these questions, we can aim to ethically bring 
knowledge systems into contact – in an open village – without smoothing over their 
differences or reducing them to each other.

Limitations

While our methodological choice of a descriptive single-case study opens up space for 
theoretical innovation, it is also limited by forgoing a certain level of generalizability. This 
is not necessarily a deficit but can be framed as an asset. As its name suggests, CRC aims to 
be responsive to the particularities of local contexts. The shape, terms, and conditions of 
any CRC collaboration need to be determined on a case-by-case basis by those parties 
involved. It may be that the strategies for the collaboration that were detailed in this 
paper do not work for others.

What is more, it may be that there are instances where it is inappropriate to bring 
cultural knowledges, artifacts, designs, or practices into contact with CS or compulsory 
education, especially if they are sacred to a particular community and should not be shared 
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with people from outside. As a way to mitigate the potential harm that compulsory 
education can do to people and knowledge systems, we advocate for providing clear 
opportunities for cultural experts to refuse the use of their knowledges in the classroom or 
to exit the project altogether (see Lachney et al., 2020; Tuck & Yang, 2014).

Future Work

Our findings show that one of the biggest challenges for the research team was directing 
value back to Tracy and her salon. Designing and researching technologies that are useful 
in both school and professional contexts might help CRC researchers and technologists 
think through this challenge. Indeed, a generative approach to educational technology 
might begin with design challenges faced by people who are wealth generators in the 
local community. Working with cosmetologists specifically, we have learned that many 
want to find a way to measure the strength of individual strands of hair. With this in mind, 
we have started to design systems that use weights and gage springs to measure the 
strength of individual strands, while also exploring how this might support an engineer-
ing lesson on the topic of tensile strength in high school cosmetology education.

Our findings also suggest that when cultural experts have programming skills they can 
help students challenge traditional assumptions about who has relevant knowledge to 
computing. Indeed, we thought it was notable that students in Barbra’s class not only 
looked to Tracy for braiding knowledge but also programming and math knowledge. Yet, 
we have found that many cultural experts are non-programmers and there is little 
research on supporting their programming skills. Future research must focus on how to 
appropriately and responsively support cultural experts’ programming skills during CRC 
collaborations.

Conclusion

Broadening participation discourses have often used pipeline metaphors, but we believe it 
is now time to find new ones that better align with visions of social justice and racial equity. 
Indeed, there is evidence to suggest that racially underrepresented and minoritized 
students can be motivated to persist in STEM education when room is made in curricula 
for commitments to equity and justice (McGee & Bentley, 2017; McGee, 2020). However, in 
the United States context, piping and pipelines can conjure up images of encroachments 
on Indigenous sovereignty (e.g., the Standing Rock Sioux Tribe’s fight against the Dakota 
Access Pipeline) (Estes, 2019) and environmental racism (e.g., the leaching of lead from old 
pipes into Flint’s water supply) (Michigan Civil Rights Commission, 2017). Why put trust in 
another pipeline?

While these images might motivate people to work toward social change, they 
certainly do not make one want to be in or part of a pipeline. Not only might technocratic 
pipeline metaphors be off-putting to some Black, Brown, and Indigenous communities, 
but the metaphors ultimately frame young people as human capital to be extracted from 
their local contexts and put in service of the state and/or corporations. Could it be that 
this reproduces logics of underrepresentation? We thinks so! The implicit, if not explicit, 
message that pipeline metaphors send to young people is that if they want to deeply 
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engage with computing they must look outside of their own communities that suppo-
sedly lack relevant expertise and knowledge.

As an alternative to this deficit framing of young people and their communities, we think 
Ryoo et al.’s (2015) use of the phrase “it takes a village” to describe equity-oriented CS 
education is much more appropriate, and represents a communal spirit of teaching and 
learning that is consistent with the values of many communities who are underrepresented 
in CS. Building on Morrison’s (1994) variation of the phrase, we have sought to show how the 
metaphor of an open village can help us to think about the roles of cultural and community 
experts in making CS education more equitable. Grounded in CRC, this paper has sought to 
explore strategies for fostering collaborations between cultural experts, teachers, and 
researchers. We think that doing so can help to challenge hegemonic assumptions about 
the relationships between culture and computing. Join us in reconceptualizing broadening 
participation in CS by moving from a focus on pipelines to a focus on villages.
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