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ABSTRACT 
We draw attention to the intersection of race/ethnicity and gender 
in computing education by examining the experiences of ten 
American Indian boys (12-14 years old) who participated in 
introductory computing activities with electronic textiles. To date, 
the use of electronic textiles (e-textiles) materials in introductory 
computing activities have been shown to be particularly appealing 
to girls and women because they combine craft, circuitry, and 
computing. We hypothesized that e-textiles would be appealing to 
American Indian boys because of a strong community-based craft 
tradition linked to heritage cultural practices. In order to 
understand boys’ perspectives on learning computing through 
making culturally-relevant e-textiles artifacts, we analyzed boys’ 
completed artifacts as documented in photographs and code 
screenshots, their design practices as documented in daily field 
notes and video logs of classroom sessions, and their reflections 
from interviews guided by the following research questions: (1) 
How did American Indian boys initially engage with e-textiles 
materials? (2) How did boys’ computational perspectives develop 
through the process of making and programming their own e-
textiles artifacts? Our findings highlight the importance of 
connecting to larger community value systems as a context for 
doing computing, the importance of allowing space for youth to 
make decisions within the constraints of the design task, and the 
value of tangible e-textiles artifacts in providing linkages between 
home and school spaces. We connect our work to other efforts to 
engage racial and ethnic minority students in computing and 
discuss the implications of our work for computer science 
educators designing computing curricula for increasingly diverse 
groups of students, especially as pertains to the emerging field of 
culturally responsive computing. 

Categories and Subject Descriptors 
K.3.0 [Computers and Education]: General 

General Terms 
Human Factors 

Keywords 
Electronic textiles; Indigenous peoples; American Indian/Alaska 
Native; gender; K-12; broadening participation in computing 

1. INTRODUCTION 
Most of the conversations about broadening participation in 
computing have focused on gendered differences in participation 
[11, 40]. Much less attention has been paid to the equally 
important but far more complicated intersections of gender with 
race and ethnicity [41]. Discussions around broadening 
participation often assume that boys and men are dominant in 
computing circles, effectively erasing the experiences of males 
from non-dominant racial and ethnic groups within a given 
context. In the United States, for instance, African American and 
Latino men each represent just 6% of the computing workforce 
and American Indian/Alaska Native men represent less that 2% of 
the computing workforce [46]. The situation is equally troubling 
when we examine the participation of minorities in computing 
activities in K-12 settings [16, 34].  In this paper, we want to draw 
attention to the intersection of race/ethnicity and gender by 
examining the experiences of a middle school class of American 
Indian boys who participated in an introductory computing 
activity with electronic textiles. While American Indian boys 
represent a small subset of the U.S. population, we believe their 
experiences provide insight into engaging non-dominant racial 
and ethnic groups in computing across a multiplicity of contexts. 
In particular, this paper has implications for engaging Indigenous 
populations throughout the world [17], especially those with 
strong heritage craft traditions [29]. 

The use of electronic textiles (e-textiles) materials in introductory 
computing activities has been shown to be particularly appealing 
to girls and women because of their hybrid nature and the strong 
connection to craft [7]. E-textiles construction kits like the 
LilyPad Arduino kit [8], consist of a small, sewable 
microcontroller and a variety of sensors and actuators. These 
sewable, electronic components are affixed to fabric and 
connected to one another using conductive thread. The completed 
circuit is then hooked up to a computer via a USB cable and 
programmed, resulting in a small, wearable computer. We 
hypothesized that, in spite of gendered cultural histories 
surrounding craft practices as “women’s work” [48], e-textiles 
would appeal to American Indian boys because of a strong 
community-based craft tradition linked to heritage cultural 
practices and Indigenous Knowledge Systems [5, 13, 27]. The 
community where the research took place is known for its pottery 
and basketry. Though few individuals in the community still 
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practice these crafts, the designs are finding new homes in graffiti 
art and in apparel, such as the desert collection designed for Nike 
by community-member Dwayne Manuel [37]. These shifts are an 
important reminder that culture has a fixed, enduring quality but 
is also adaptable over time. It is this adaptable nature of cultural 
craft practices that we drew upon in designing a culturally 
responsive, introductory computing activity employing e-textiles. 

We focus on the intersections of gender, craft, computing, and 
culture from boys’ (rather than girls’) perspectives. We examine 
the experiences of ten American Indian boys (12-14 years) 
engaged in a three-week, culturally responsive e-textiles unit as 
part of their Native Studies class. In order to understand boys’ 
perspectives on learning computing through making culturally-
relevant e-textiles artifacts, we analyzed their completed artifacts 
as documented in photographs and code screenshots, their design 
practices as documented in daily field notes and video logs of 
classroom sessions, and their reflections from interviews guided 
by the following research questions: (1) How did boys initially 
engage with e-textiles materials? (2) How did boys’ 
computational perspectives develop through the process of 
making and programming their own e-textiles artifacts? Drawing 
upon three case studies from the larger data set, our findings 
highlight the importance of connecting to larger community value 
systems as a context for doing computing, the importance of 
allowing space for youth to make decisions within the constraints 
of the design task, and the value of tangible e-textiles artifacts in 
providing linkages between home and school spaces. In our 
discussion, we highlight the broader implications of our work for 
computer science educators who are designing computing 
curricula for increasingly diverse groups of students, especially as 
pertains to the emerging field of culturally responsive computing. 

2. BACKGROUND 
Our focus on American Indian boys’ perspectives on computing 
contributes to larger efforts to broaden participation. Recent 
research suggests that, more significant than a “participation gap” 
may be actually be the “identity gap” where young men of color 
struggle to reconcile their ethnic and academic identities [45] and 
are unable to see themselves taking on the identity of a “scientist” 
[52]. One potential solution is to develop computing activities 
with a strong connection to boys’ multiple identities, including 
their ethnic identities [16, 28] Here culturally responsive 
approaches have been known to successfully bridge the “identity 
gap” by connecting the cultural practices of particular groups to 
mathematical and computational principles [20]. 

One of the best-known examples of culturally responsive 
computing is the Culturally Situated Design Tool, designed by 
Eglash and his colleagues [19] where, for instance, Shoshone 
beadwork is mapped onto a Cartesian coordinate system and 
learners design on a Virtual Bead Loom. Another example is the 
game design curriculum created by Lameman and her colleagues 
[39] for use with First Nations students in Canada that was based 
on traditional storytelling practices. Within each of these 
approaches, there is some level of cultural affirmation and/or 
critique built into either the tools themselves or the curricula [21]. 
This means that when youth engage in culturally responsive 
computing activities, they are engaging in identity work and 
develop what Eglash & Bennett [18] have called “design agency,” 
the practice of working out one’s identity within the technical 
constraints of the design tool and the environmental constraints of 
the space and place where the activity is situated.   

In our work, we are building on these important ideas around 
culture and identity for making computing accessible and 
extending them into culturally responsive open design [34]. 
Culturally responsive open design connects community cultural 
practices with more open-ended design tools whose reach extends 
beyond the screen. Culturally responsive open design with e-
textiles materials also creates a rich space for exploring the 
intersections of gender and race/ethnicity in computing by 
incorporating the distinct, gendered cultural histories associated 
with craft and engineering practices [47]. Rather than attempting 
to “unlock” the existing clubhouse of computing [39] with its 
focus on games and robotics, learning with e-textiles introduces 
computing through arts, crafting, and textiles. By design, e-
textiles materials draw upon a hybrid foundation in crafting, 
engineering, and computing. Through this purposeful mashup of 
old and new materials and high and low technologies, e-textiles 
challenge and critique distinct cultural and epistemological 
foundations, including the strongly gendered (and often racialized 
and colonized) histories of crafting [48] circuitry design [44] 
computing [22], and technology writ-large [2, 47]. 

Like many other introductory computing curricula that provide a 
context for computing [3, 4, 15, 24, 36, 42, 49, 54] engaging 
learners with e-textiles materials develops computational thinking 
skills [53]. Specifically, we draw upon Brennan and Resnick’s [6] 
framework for studying and assessing computational thinking, 
which encompasses learning computational concepts (sequences, 
loops, etc.), engaging with computational practices (remixing, for 
instance), and developing computational perspectives. 
Computational perspectives, or worldviews that designers develop 
as they engage in digital media [33], connect to a core concern in 
broadening CS participation that focuses on learners’ perceptions 
of computing, where they see applications for computing, and 
how they see themselves within the field and future careers. When 
researchers ask about students’ perceptions of computing [14, 55], 
they often hear an assortment of statements such as “being boring 
or tedious,” “only for smart students,” “antisocial,” or “lacking 
creativity.” The classroom implementation we conducted affords 
us the opportunity to re-examine these perceptions because of the 
particular positioning of e-textiles within a larger computing 
culture.  

Brennan and Resnick [6] identified three types of common 
computational perspectives that learners developed through 
programming interactive digital media: (1) expressing, (2) 
connecting, and (3) questioning. Expressing refers to the ability to 
create something that allows for self-expression through 
computation. Connecting emphasizes the value of making 
something computationally in collaboration with others and for an 
authentic audience (as opposed to just a teacher who will evaluate 
the assignment). Questioning highlights learners’ abilities to ask 
questions of and with technology. The development of these 
perspectives about computation is important because it marks a 
shift from viewing technology as something to be consumed to 
something one can harness as a tool for self-expression, 
relationship building, and democratic participation [30]. In 
Indigenous communities where electronic technologies are often 
seen as a threat to the persistence of heritage craft practices, 
Native languages, and other aspects of culture, the development 
of computational perspectives is an especially rich, but 
contentious, space for exploration.   
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3. METHODS 
3.1 Participants 
The participants in our study were ten eighth grade American 
Indian boys (12-14 years) who attended a charter school on tribal 
lands located just outside of Phoenix, Arizona. We call the school 
Eagle High School (a pseudonym). The boys participated in a 
three-week e-textiles unit as the culminating project in an 
elective, gender- segregated Native Studies class. The students 
reflected the demographic of the school, which was almost 
entirely American Indian (99%), with slightly less than half of 
students (46%) eligible for free or reduced lunch. Prior exposure 
to computing was limited to general technology use. Most of the 
participants had cell phones or tablets and played video games for 
entertainment but, like youth elsewhere, they had little sense of 
what computing entailed and who could or could not do it.  

3.2 E-Textile Design 
The e-textile design activity described here focused on making 
“human sensor” sweatshirts [32] using the LilyPad Arduino 
construction kit (see Figure 1) [8]. This kit enables novice makers 
to embed electronic components into textiles and consists of a 
sewable, programmable microcontroller and a variety of sewable 
sensors (e.g., temperature sensor, accelerometer) and actuators 
(e.g., LED lights, sound buzzers). Sensors and actuators are sewn 
to ports (holes that can be sewn through) on the LilyPad using 
conductive thread, which acts like the wire in more traditional 
electronics projects, and is knotted to secure a particular 
connection. When these components are sewn together using 
conductive thread and then programmed, they become a small, 
wearable, student-built computer. In order to program the LilyPad 
Arduino, either the Arduino or Modkit [43] development 
environments were used. 

 
Figure 1: LilyPad Arduino kit 

The activity was designed in consultation with the Native Studies 
classroom teacher and the community’s Cultural Resources 
Department.  After a quarter spent talking about community 
stories and their connections to place, students made e-textile 
designs connected to the elements (fire, water, earth, etc.) and to 
places that were of significance to local Indigenous communities. 
One goal was that making a light up, wearable versions of natural 
phenomena and significant local places would reinforce what 
students had already learned about living in the desert 
environment through the telling of community stories and perhaps 
spark larger community-level conversations when students took 
their projects home. Another goal was that students would learn 
something about computation and its connections to culture 
through the process of designing and making e-textiles. Students 
were asked to design and make e-textile patches comprised of a 

culturally-relevant aesthetic design, a LilyPad Arduino, at least 
two LED lights, and two metal snaps attached to the negative 
ground and an analog port respectively. These snaps connected to 
snaps on hooded sweatshirts that were pre-”wired” with 
conductive fabric patches on the cuffs that connected to metal 
snaps on the front of the sweatshirt. When a student’s e-textile 
patch was connected to the snaps on the sweatshirt, it created a 
“human sensor” e-textile project (see Figure 2). In a “human 
sensor” project, the two conductive fabric patches on the cuffs of 
the sweatshirt function as a sensor to measure resistance from the 
human body when touched simultaneously. This adds a dimension 
of computational complexity to students’ e-textile projects. In a 
longer workshop, students would have “wired” the hoodies 
themselves but, given the time constraints, the conductive fabric 
patches and conductive fabric “wiring” that connected the cuffs to 
the snaps and, by extension, to the LilyPad Arduino were pre-
ironed. In addition to the added degree of computational 
complexity, if the human sensing components of the hoodies are 
wired identically, the sweatshirt wearers can then be united in a 
circle and all of the e-textile designs should light up, highlighting 
the importance of relationships between individuals and between 
elements within an ecosystem. 

 
Figure 2: Human Sensor Hoodie 

3.3 Native Studies E-Textile Unit 
The class took place over three weeks, meeting daily for about an 
hour. In addition to daily classroom sessions during the three-
week unit, course instructors also held lunchtime sessions where 
students could bring their lunch and work on their projects. These 
sessions were not mandatory but provided an important space for 
students to engage in making without some of the physical and 
behavioral constraints of the classroom, opening up spaces for 
peer-to-peer mentoring and relationship building. The first week 
provided students with the necessary background knowledge in 
crafting, circuits and coding to enable them to design and make 
their own “human sensing” hoodies, including the sewing of 
simple circuits on scrap felt. Sample projects were shown to help 
students conceptualize their own e-textiles projects. In the second 
week, each student chose a design from one of ten templates 
based on a list we received from the classroom teacher. Designs 
included several forms of water (raindrops, river, snowflake), fire, 
wind, lightning, sun, moon, stars, and earth in the form of several 
locally significant mountains. Students then drew a circuitry 
blueprint to determine where to place the LilyPad, how to orient 
the LED lights, and how to create the circuitry in such a way as to 
minimize potential short circuits created by crossing wires. They 
then moved on to crafting their designs out of felt and affixing the 
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electronic components. Because students’ sewing abilities varied 
greatly, instructors provided instruction on an as-needed basis and 
focused primarily on the ways in which sewing with conductive 
thread differs from sewing with regular, non-conductive thread. In 
the third week, students turned to coding their e-textiles projects. 
Due to limited computer access and project completion, students 
learned to setup up their boards and write simple code in Modkit 
while working with one of the course instructors on an individual 
basis or in small groups of two to three students. In the third 
week, students also explored multiple definitions of technology, 
with a goal of developing counter-narratives about technology in 
Indigenous communities.  

To give you a sense of what the boys made, we have included a 
table with samples of some of the boys’ e-textiles projects (see 
Table 1). Included in the table is a circuitry diagram, completed 
design, and an explanation of the project’s code for each featured 
design. With one exception, boys’ designs stuck closely to the 
templates they were provided with, though creative license was 
taken with the colors of the designs and the lights. Designs ranged 
in complexity from having two to nine LED lights connected to 
the LilyPad microcontroller, with most boys choosing to connect 
either two (4/10) or three (4/10) lights.  

Table 1: Boys’ E-Textile Designs 

 

3.4 Data Collection and Analysis 
Daily field notes documented what happened in the class each 
day, focusing on what students were learning and what they were 
struggling with in designing and crafting with e-textiles. We also 
collected students’ circuitry blueprints, daily photographs of 
students’ design progress, and code screenshots. Most classroom 
sessions were video recorded (depending on the permission of the 
classroom teacher and students) and then logged, meaning that the 
actions seen in the video were reduced to a minute-by-minute 
written log of classroom activities. Sections of interest were 
returned to and fully transcribed as a later stage of analysis. Six 
students also participated in final reflective interviews, which 
were video recorded and lasted around twenty minutes. Topics 
included where students saw connections between the cultural 
content of Native Studies and the e-textiles unit, what aspects of 
their projects they were most proud of, what aspects of their 
projects were the most challenging, and how other individuals 
(family and friends) responded to their projects. Interviews were 
then transcribed. 

We used a multi-faceted identity lens [23, 52] to understand how 
the heritage craft element of e-textiles might be leveraged to 
attract boys from non-dominant backgrounds to learn computing 
and to address the identity gap. Analysis of boys’ e-textiles 
artifacts and field notes allowed us to better understand their 
practices and participation in the classroom community. A 
portfolio was created for each student that combined his initial 
circuitry blueprint, photographs of his in-process and completed 
project, and any available iterations of the code for his project. 
Field notes and interview transcripts were initially coded using a 
two-step open coding process [10] allowing themes to emerge 
from the data and then be refined. Salient codes included the 
gendered nature of craft and boys’ uncertainty about participating 
in craft practices, design agency, and the importance of a 
culturally-connected assignment. This analysis of field notes 
helped us to better understand boys’ practices during the Native 
Studies e-textiles unit and analysis of interviews allowed us to 
better understand boys’ perspectives on learning computing 
through e-textiles activities. Because the codes that emerged from 
the open coding closely mirrored Brennan and Resnick’s [6] 
conceptualization of computational frameworks, we chose to draw 
upon their framework because of its familiarity to a larger 
computing audience. 

4. FINDINGS 

Like other youth we have worked with in many different contexts, 
the American Indian boys whose experiences and perspectives are 
the focus of this paper initially had vague or non-existent ideas 
about what computing involved. Over the course of the e-textiles 
unit, however, we saw students’ perspectives on computing 
change as they realized that computing could be used as a 
medium for self-expression and creativity, as a way to connect 
with others, and as a way of critically engaging in the world by 
asking questions of technology and using technology to ask 
questions. Each of the case studies that follows highlights one of 
the computational perspectives outlined by Brennan and Resnick 
[6] as they played out in an e-textiles unit within a gender 
segregated Native Studies class. 

 

4.1 Computational Perspectives: Expressing  

Though a member of the community, Sammy had previously 
attended a non-reservation public school and was new to Eagle 
High School. When the e-textiles unit began, Sammy was nervous 
about crafting, especially using the iron (FN, 9/24/13, p.5). He 
had some previous experience doing beadwork in his Native Arts 
class at school but reported that, “it’s not the same” (int., 
10/22/13, p.8). Sammy also returned to school after learning 
about the project and reported that his mom had said sewing was 
for ladies. When asked what he thought in response, he replied, “I 
think it doesn’t matter” (FN, 9/19/13, p.2). Indeed, Sammy would 
later reflect that “the threading” was one of the most challenging 
aspects of the project.  

Judging by the pace at which he worked and his dedication to the 
project, Sammy embraced the hybrid dimensions of the project. 
While he initially wanted to work on a design based on one of the 
community’s sacred mountains, another student beat him to it and 
Sammy instead chose to create an e-textile design around 
lightning “because I wanted to be like Shazam or Captain Marvel, 
Captain Marvel from DC Comics” (int., 10/22/13, p.5). As 
Sammy delved into the crafting process, he continued to add 
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elements to the project that married his initial attraction to the 
design because of a particular superhero with the cultural context 
of the assignment and the Native Studies class more broadly. The 
lightning design Sammy received only had one lightning bolt, to 
which Sammy decided to add a gray-blue thunder cloud, after 
very carefully considering the available colors (FN, 9/24/13, p.5). 
Initially, the addition of the cloud was meant to illustrate an 
important relationship in the natural world (lightning and thunder 
clouds “just go together,” in Sammy’s words), but also to cover 
up the LilyPad so it wouldn’t be visible or, as Sammy put it, “the 
LilyPad wasn’t going to just sit there on the sweatshirt” (int., 
10/22/13, p.6). As his design evolved, however, Sammy decided 
to sew lights along the length of the lightning bolt and use the 
cloud as an anchor for his LilyPad because it made the sewing 
easier. Sammy asked questions at every step of the project as to 
avoid mistakes, so he managed to sew a functional project with 
relative ease.  

When it came time to program his project, Sammy was very clear 
about the aesthetic he wanted to achieve through programming his 
lightning bolt. During an extended classroom session, Sammy sat 
with one of the instructors (Searle) and another student who was 
waiting to program his project at the back of the room: 

Instructor: Okay, so, what do you want it to do when 
your patches are touched? 

Sammy: I want, because, you know, you know how 
lightning, it goes chung, chung, chung [uses hands to 
show how lightning flashes once and then spreads out 
across the sky]. 

Instructor: Okay, that's what I thought.  

Sammy: You know, how lightning flashes once together 
and then flashes twice. 

Instructor: [using right hand to demonstrate a blinking 
pattern] Okay, so, you want them all to blink together 
once or you want it to be, like, really quick down the 
line? So, it's like, ch-chung [uses right hand to 
demonstrate lightning spreading out].  

Sammy: [Repeats motion with his own hand, seemingly 
testing it out for fit] Yeah. Or... 

Instructor: Let's try that.  

Sammy: And see how it looks (video log, 10/04/13, p. 
2). 

Working together, Sammy and the instructor created two different 
programming scenarios for the lights to flash, one in which all 
three lights flashed at once and another where they flashed one at 
a time. For Sammy, like many other novice e-textile designers, 
there was an added degree of personalization to be found in 
altering the delay function, which controls how long lights stay on 
and off, creating a blinking or flashing effect. As the proposed 
codes got closer to Sammy’s desired aesthetic, he started 
exclaiming, “Oh! That's cool! Yeah, that's how I want them all to 
go,” and repeatedly touched the cuffs of his sweatshirt together to 
see the desired effect play out with subtle changes. Ultimately, 
Sammy preferred having all of the lights flash at once, with one 
added flourish. He added an extra long delay after the lights 
flashed to emphasize the idea of lightning striking. Then he 
decided to use the other code that had been developed, with each 
light blinking individually in rapid sequence, to meet the second 
condition of his project, when the conductive fabric patches were 
not touching. In his experiences making an e-textile project and 

programming it, Sammy found a new venue for creativity and 
self-expression at school while also being challenged 
academically. Asked to reflect on what he had learned at the end 
of the unit, Sammy replied, “Negative and positive stuff. You 
know, electronic stuff. The good stuff” (int., 10/22/13, p.5). 
Through this process, Sammy not only learned key computational 
concepts and practices but also developed a sense of computing as 
something that can be used for personal expression. Indeed, the 
idea of using one’s e-textiles project as a means of personal 
expression was a theme in all of the interviews we conducted, 
with each boy choosing to highlight particular aspects of his 
identity through the design he chose to make, the colors used, and 
how the lights blinked when the patches were and were not 
touched.  

 

4.2 Computational Perspectives: Connecting  

Harry was a quiet but thoughtful student who participated in one 
of the e-textiles pilot projects but initially struggled with sewing 
and circuitry concepts. For his Native Studies project, Harry 
chose to make a fire design because of multiple personal 
connections. Fire reminded him of “sitting by a fire or camping” 
(int., 11/18/13, p.3) and also helping his grandmother to cook 
outside, a practice still observed by many community elders. 
Harry decided to craft his design out of multiple colors of felt 
because “that’s how I really see flames, like, red, yellow, orange, 
dark red. That’s what I think of flames” (int., 11/18/13, p.2). For 
Harry, this design phase of the project was especially important. 
Not only was he interested in creating a realistic representation of 
fire, the process also provided another way to connect with his 
grandmother. In a final reflective interview, Harry reported that 
his grandmother “always sews,” making handkerchiefs, quilts, 
and shirts for sale. He reported that he often helped her with the 
designs and enjoyed this aspect of the project. Asked what his 
grandmother would think of his completed project, Harry replied 
sheepishly, “She’s probably gonna say you can help me now with 
sewing. I’d just rather do the designs, but I’ll help her sometimes” 
(int., 11/18/13, p.7). 

It was probably the opportunity to strengthen his connection with 
his grandmother, combined with a desire to wear a light up hoodie 
when attending the Phoenix Light Zoo event with one of his 
classmates and his young nephew, that propelled Harry through a 
design process filled with moments of what we might term 
“productive failure” [35]. When it came to the circuitry for his 
project, Harry’s initial circuitry blueprint showed three lights 
located about midway up the flame, all connected to a single port 
on the LilyPad, meaning that they all would have been 
programmed together. Harry also envisioned the LilyPad and 
lights being sewn into the back of the design so that the lights 
could glow through the felt. Because Harry often continued to 
work through questions rather than asking for help, his circuitry 
design process was iterative, involving lots of resewing and 
debugging as the design evolved through a trial and error process. 
Ultimately, after receiving some sewing help from one of the 
instructors, Harry ended up with a completed fire e-textile artifact 
with three LEDs, each wired to its own port. He programmed it so 
that, when the patches on his hoodie were touched, they blinked 
in rapid sequence and, when the patches were not touched, the 
lights stayed on. Asked about how his completed e-textile artifact 
connected to other things he had been learning in Native Studies, 
Harry explained, “[My hoodie] kind of does the same thing. Like, 
stories, they’re always connected to something else, so that’s how 
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I know” (int., 11/18/13, p.8). In other words, his human sensor 
hoodie, which could be linked with other hoodies made by his 
classmates, provided a computational perspective of connecting 
with others, much like community stories connected members to 
one another and to their surroundings.  

Like Harry, other boys we interviewed emphasized two ways in 
which computation allowed them to connect with others. First, the 
cultural significance of their designs created a point of connection 
with other community members, especially around conceptions of 
time as cyclical and the significance of water. As Brian said about 
his e-textile design, “I chose a river because it flows like energy 
and whatever’s around it can feed off of it and grow” (int., 
11/18/13, p.2).  Second, students saw points of connection to their 
immediate family members, with their light up hoodies serving as 
a marker of academic accomplishment and a source of pride. 

 

4.3 Computational Perspectives: Questioning  

Jason entered the e-textiles assignment with some trepidation 
even though his mom was an avid crafter and Jason had watched 
her sew traditional dresses for his sister and use a glue gun to 
create holiday decorations. Initially, Jason was concerned that he 
would be unable to finish his project, saying things like, “I never 
thought I could do this” or “I didn’t think I’d get this far” (Int., 
10/18/13, p.5). However, with concentrated help from one of the 
instructors during a study hall period, Jason was able to make 
significant progress on his design, a white crescent moon with 
two red LEDs sewn into it (see figure 3). Jason then programmed 
his moon, deciding on a blinking pattern where the top and 
bottom LEDs blinked in rapid succession when the conductive 
fabric patches were touched and otherwise stayed lit (see figure 
4).  

 

Figure 3: Jason’s circuitry blueprint showing the placement of 
two LEDs and his LilyPad within a moon design and his 

completed design. 

Later, asked to reflect back on the process of making, Jason 
emphasized his own power to make decisions about and with 
technology. For instance, he said, “I got excited because we get 
[sic] to design our own lights and, like, go on the computer and 
[choose] what speed we liked and I thought that was pretty cool. 
Honest” (Interview, 2/3/14, p.3). While Jason brought a sense of 
excitement and empowerment to the conversation when he talked 
about being able to program the lights in his project to blink, he 
still hesitated when asked if his project was a Native technology. 
He replied, “Not really because native technology is, well, we 
didn’t really have technology. I would say ours would be like art, 
it would be like our technology, and how to tell time and stuff so, 
yeah, I don’t know” (int., 10/21/13, p.9). What’s remarkable 

about this statement is that Jason’s examples are actually 
powerful examples of technologies, period. But dominant 
discourses of Western science have created a master narrative 
about what is and what isn’t a technology. As a result, we view 
Jason’s experiences with learning to take a questioning stance 
towards technology as an important first step that requires further 
practice and exploration.  

By the end of the e-textiles unit, most students could recognize 
that their e-textiles projects functioned like the circuit boards 
inside their phones, but they had also developed a more critical 
stance towards technology. In some cases, students embraced 
their e-textiles projects as examples of “Native technologies” 
because they had largely designed the projects themselves. In 
other cases, students persisted in locating Indigenous technologies 
in the past and electronic technologies in the present and future. 
Rather than view these students’ experiences as deficient or anti-
technological in any way, we wish to use their experiences with 
questioning technology to highlight the persistence of colonial 
narratives and the importance of projects like this one in helping 
students to think about alternative narratives where their own and 
their communities’ experiences ‘count’ as technological. 

 

Figure 4: Code for Jason’s completed project showing rapid 
blinking when patches are touched. 

5. DISCUSSION 

Although there is certainly evidence of American Indian boys 
learning of computational concepts and practices in our findings, 
we have chosen to focus more on their developing computational 
perspectives. Understanding how boys from non-dominant 
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communities think about and connect with computing activities is 
an important step towards lessening the participation and identity 
gaps in computing, especially in the space of e-textiles research, 
which has primarily examined girls’ connections to computing. 
What did it mean for boys to engage with e-textiles materials? 
How did connections to culture and community come into play? 
What does it mean for the design of culturally-responsive 
computing activities? 

 

5.1. Challenges to Gender in Crafting and Computing 

The hybrid nature of e-textiles materials [9, 25] has the potential 
to both reify and challenge existing gendered and cultural norms 
around who can engage in craft practices and who can engage in 
computing [1, 31]. We found examples of both in our data, 
though, as our findings highlight, the culturally responsive aspect 
of the assignment rapidly pushed boys beyond thinking about 
craft, circuitry, and computing as gendered and helped them to 
instead think about how to employ them as tools in service of the 
particular message they wanted to convey through their designs. 
Although some boys had initial preconceptions about craft as 
“women’s work,” they were also nervous about engaging in craft 
practices because the skills required were new and often 
challenging. Of the six boys we interviewed, four of them 
reported that sewing was the most challenging part of the project. 
However, as Sammy’s experiences with making and 
programming his lightning bolt e-textile project illustrated, the 
hybrid nature of e-textiles materials ultimately facilitated boys’ 
engagement with computation as a space for personal expression. 
Rather than merely working with code on a screen, boys were 
able to see their code enacted in a tangible way as the lights on 
their project lit up, such as when Sammy carefully tested multiple 
codes to achieve the desired effect of lightning flashing. 

 

5.2. Reflections on Computation and Community Connections 

In addition to viewing e-textiles materials as tools to be used in 
the service of expressing themselves computationally, boys also 
leveraged the hybrid and culturally-connected nature of their e-
textiles artifacts to connect with others through e-textiles. For 
instance, our findings show how Harry’s connection to his 
grandmother and her sewing practices not only strengthened his 
engagement in the assignment but also reinforced familial ties. In 
other work [42], we have shown how the tangibility of e-textiles 
artifacts allowed them to serve as boundary objects [50], which 
facilitated students’ abilities to make connections through 
computation. More than just extending beyond the screen, 
students’ e-textiles artifacts extended across home and school 
spaces. Though the boys who we focused on here didn’t often tell 
us about seeking advice from others, we do know that finished 
projects were often shown off in the lunchroom at school and 
worn to other classes. Harry’s English teacher reported that he 
had worn his fire-themed design to English class, where they 
happened to be reading one of the books from The Hunger Games 
trilogy. As researchers think about developing introductory 
computing activities to engage students from non-dominant 
backgrounds, we believe that having an artifact-based, tangible 
element that connects to community practices and can travel 
across spaces where computers may not be found is key. 

Our findings also highlight boys’ developing abilities to question 
with and through computation. While this may seem irrelevant to 
many computer science educators, we view critique and 

questioning of our taken-for-granted understandings of 
technology as an important element of addressing the “identity 
gap” for American Indian youth and others from non-dominant 
racial and ethnic backgrounds. Technologies in Indigenous 
communities have often been defined exclusively by Western 
science and have been used for colonization [12]. We sought to 
push back against these dominant narratives by engaging students 
in thinking about their community’s long history of adapting 
useful technologies and also by exploring some of the ways in 
which Indigenous communities throughout the world are 
reclaiming technologies in the service of linguistic and cultural 
revitalization efforts [2, 26]. However, as Jason’s experiences 
with deciding whether to call his e-textiles project an Indigenous 
technology or not highlight, narratives about technology as 
defined by Western science are incredibly powerful and will take 
repeated efforts to develop strong counter-narratives in which 
American Indian students (and others from non-dominant 
communities) recognize the rich technological histories of their 
own communities. 

 

5.3 Considerations for Culturally-Relevant Computing  

Though most computer science educators will likely encounter 
few American Indian students in their careers, we want to suggest 
that our work has implications for why we might want to develop 
computational perspectives amongst a wide range of student 
populations in the United States and beyond and provides one 
pathway for doing so through the incorporation of novel, hybrid 
materials and heritage craft practices. As more and more youth 
worldwide experience computing not just in schools but also in 
after school clubs and community makerspaces [38], it is 
important that educators not only engage the variety of 
perspectives, experiences, and cultural backgrounds that students 
bring with them but also recognize that computing must make a 
contribution back to the community to be valued, whether through 
developing language learning software or encouraging youth to 
take up heritage cultural practices. In addition, computing 
education needs to explicitly address legacies of colonization, 
racism, and gender disparities. While we drew upon community 
stories around the elements in crafting the computing activity 
described here, there is a wide range of heritage and vernacular 
cultural practices that educators might take up, depending on the 
student population and the comfort level of community partners.  
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