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ABSTRACT 
Many efforts of curricula design have concentrated on 
expanding participation in K-12 CS education by introducing 
innovative approaches but few have focused on addressing 
longstanding equity issues through their choices of culturally 
relevant materials and activities. In this paper, we describe our 
efforts in using electronic textiles which include Arduino-based 
microcontrollers that are sewn with conductive thread on fabrics 
to connect actuators and sensors and create interactive 
wearables. We report on the implementation of an electronic 
textiles curricular unit in the Exploring Computer Science 
introductory computing course in 13 high schools involving 272 
high school students largely from underrepresented groups in a 
major metropolitan school district. We examined two issues 
relevant to broadening equitable participation in CS: (1) 
students’ changed perceptions of computing, and (2) students’ 
depth of learning of computing, circuitry and crafting in the final 
project. Pre/post surveys on students’ perceptions of computing 
showed positive, significant gains in students’ self-confidence in 
solving CS problems, fascination with computing and ability to 
be creative with computing. Teacher evaluations of students’ 
final projects revealed robust learning in the areas of basic 
programming and computational circuitry as well as strong 
learning across more challenging computational concepts, with 
room for growth. We discuss factors that impacted student 
outcomes and outline steps for further analysis. 
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1 Introduction 
Current national initiatives to expand computer science to all 
through K-12 education face many formidable challenges in 
addressing the lack of access to computers, courses, and teachers 
[23] as well as missing teacher preparation and certification [7]. 
Efforts have also concentrated on developing curricula for K-12 
education that contextualize introductory CS concepts and 
practices by using application design or integrating CS into other 
disciplinary content (e.g., science [35], mathematics [32]); 
however, few efforts have focused on promoting culturally-
relevant contexts and activities [14] that address the needs of 
underrepresented groups.  

Most well-known efforts in culturally-relevant computing 
design and tools (e.g., [8]) leverage connections between existing 
cultural practices and concepts of computing. More recent 
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developments have focused on bringing in materials and 
practices that promote the design of new computing artifacts. 
One example includes electronic textiles (hereafter: e-textiles) 
that connect sewable microcontrollers with conductive thread to 
actuators such as LEDs as well as sound, light or touch sensors 
to make interactive craft projects [3]. Such projects are far more 
popular with female designers than traditional Arduino projects 
whose designers tend to be predominantly male and focus on 
robot and drone designs [4]. Research on e-textiles in K-12 
education has shown their potential to introduce basic circuitry 
[29] and computing to high school students [19]. However, 
studies in which students design multiple and more advanced e-
textile projects and in which classroom teachers (rather than 
researchers) lead the intervention are still rare and the focus of 
this paper. 

In this paper, we describe the implementation of our e-
textile high school curriculum unit and how this influenced 
student perceptions and learning competencies. Our unit is 
situated within the larger context of Exploring Computer Science 
[12], an introductory year-long computer science curriculum. 
Three equity issues—broadening access, diversifying 
representation (by privileging non-dominant CS learners, 
techniques, and artifacts), and deepening participation—formed 
the impetus for developing the e-textiles curriculum [9]. We 
report on the content of the curriculum unit and its 
implementation in 15 classrooms (in 13 schools) with 272 high 
school students from largely underserved communities in a 
major metropolitan school district to address the following 
research questions: (1) To what degree was there equity in 
changing perceptions of CS across students? and (2) To what 
degree did all students demonstrate depth of competence in 
computing, circuitry and crafting, in finishing the final, and most 
challenging project of the unit? To evaluate these questions, we 
used pre/post surveys on students’ perceptions of CS and teacher 
evaluations of students’ final projects. In the discussion, we 
address opportunities and challenges of implementing equitable 
CS activities. 

2 Background 
The focus on curriculum reform in CS education began in the 
early 2000s with NSF’s support in the development, piloting, and 
scaling of year-long introductory and advanced computer 
science courses, resulting in Exploring Computer Science and AP 
Computer Science Principles [6]. These courses were explicitly 
designed with the belief that a more engaging and culturally 
responsive curriculum would attract and retain students from 
historically underrepresented groups. In addition to these well-
established foundational courses, there has been a rhizomatic 
spread of curricular efforts that have showcased innovative and 
novel approaches to teaching high school students about 
particular topics or approaches to computing. These include (1) 
courses with a foundational breadth approach to teaching 
computer science (e.g., CS Discoveries by code.org), (2) courses 
which focus on particular application design such as games [30], 
and (3) courses which are situated within disciplinary STEM 

contexts such as Bootstrap for algebra [32] or StarLogo for 
complex systems in science [35].  

There have been far fewer efforts in course development 
which situate key computational concepts and practices in 
culturally-relevant contexts [8]. For instance, Exploring Computer 
Science (hereafter: ECS) was specifically developed to challenge 
the persisting underrepresentation of women and people of 
Color in computing, as well as the systemic and political barriers 
that continue to exist in computer science education [14].  In 
ECS, students learn through inquiry and project-based activities, 
and develop a repertoire of computational practices [12] which 
connect computing with students’ everyday experiences [33]. 
Over the last 10 years, ECS has prepared over 3000 teachers 
through a comprehensive two-year professional development 
program. Each year, approximately 50,000 diverse high school 
students enroll in ECS courses across the nation.  

We chose to situate our e-textile unit within ECS because 
the design of its curriculum activities and teaching already 
addresses aspects considered critical for equity-minded and 
inquiry-oriented programming instruction [27] such as (1) time 
because students are introduced to a variety of CS concepts and 
practices within the context of a year-long curriculum, (2) 
diversity because students engage with a range of different CS 
contexts such as data science, robotics, programming and HCI, 
and (3) reflection because students review and describe their 
learning throughout the curriculum. Previous evaluations have 
consistently demonstrated that ECS is successful in significantly 
increasing students’ perceptions of CS [13, 24].  

In this larger scale implementation across many classrooms, 
we wanted to examine whether these initial successes of 
broadening students’ perspectives and deepening their learning 
about CS would extend to the new e-textile unit. We wondered if 
the introduction of personalized handcrafts in conjunction with 
electronics in academic CS classes within schools that serve 
marginalized populations, would help broaden students’ interest 
and perspectives about CS. Handcrafts practices are more 
inclusive of gendered [28] and indigenous [25] influences, can 
help students strengthen connections to history and cultures, 
and can be linked to content knowledge in school. Although 
such work has been long considered vocational, non-academic, 
and low-tech [31] in contrast to most CS activities that require 
programming, engineering skills, and high-tech tools, their 
inclusion diversifies materials and practices to promote interest 
and broaden application. Furthermore, designing open-ended 
projects with e-textiles is unlike the more constrained design of 
robotics or games in other ECS units and allows students to 
personalize their designs.  

In terms of deepening student learning about CS, we 
entered new territory. Most previous e-textile activities in K-12 
education focused on students’ learning simple circuits or 
relatively basic lighting sequences rather than engaging more 
extensively with computing [15]. In designing our curriculum, 
we included a series of increasingly difficult e-textile projects 
that introduced challenging concepts in coding, circuitry, and 
crafting [9]. Furthermore, prior e-textiles activities in after-
school, museum, and even classroom settings were almost all 
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facilitated by researchers (e.g., [2, 18, 21]), whereas existing CS 
classroom teachers led our program implementation with their 
own students. We know from pilot implementations of the e-
textile unit within two ECS classrooms that teachers used 
equitable practices such as modeling mistakes, legitimizing 
student expertise, and promoting connected learning in their 
public-school classrooms with up to 35 students [9, 10, 11]. In 
this study we expanded our pilot implementation to 15 
classrooms and examined to what degree the e-textiles unit was 
able to reach all students in breadth of interest and depth of 
learning. 

3 Methods 

3.1 Curriculum Content 
ECS and e-textile experts co-developed the curricular unit to be 
taught as one of the final units of the ECS course, replacing 
either the Data or Robotics units. The resulting e-textile activities 
follows the ECS model, containing big ideas and recommended 
lesson plans, with much room for teachers to interpret and bring 
in their own approaches. In the design of the four e-textiles 
projects, we prioritized helping students learn challenging 
concepts in computing, electronics, and crafting while also 
supporting personal expression and design (for design principles 
of the unit, see [17]; for descriptions of all projects, see [9, 10]). 
The fourth and final project incorporates a handmade human 
sensor created from two aluminum foil conductive patches that 
when squeezed generate a range of data (see Figure 1, Project 
#4). Students must determine the range of data useful for their 
project (how hard they want people to squeeze) and break that 
into a set of at least four conditions that trigger different lighting 
patterns (e.g., no squeezing, light squeezing, hard squeezing, 
etc.).  
 

 

Figure 1: Samples of the four types of e-textile projects. 
 

While introducing new circuitry and crafting skills, the e-
textiles unit builds on students’ prior programming skills 
developed through the ECS Scratch unit. Drawing upon student 
understanding of computational concepts such as sequences, 
loops, conditionals, and variables, it requires students to apply 
these in a new context: a text-based programming language 
(Arduino). In addition, students learn new programming skills 
such as nested conditionals, data input from sensors, and 
functions. Learning these challenging skills in the context of 
making handcrafted, personalized objects helped support our 
goal of diversifying the computational artifacts used in CS 
classes. 

3.2 Participants 
In Spring 2017, the ECS-school district liaison in a large 
metropolitan area in California sent an invitation to the ECS-
teacher listserv for educators to participate in the third and final 
year of the e-textiles pilot study. Teachers and school sites were 
chosen by the liaison for their diverse teaching styles, to 
maximize the variety of feedback on the curriculum. The liaison 
included himself as a pilot teacher. Lastly, when two teachers 
announced their need to take maternity leave mid-pilot, the 
replacement teachers were identified through snowball 
sampling. The final number of educators was 15 with teaching 
experience ranging from 3 and 37 years; most but not all also 
had taught ECS for several years. All teachers engaged in four 
days of e-textile professional development over a period of four 
months, where they became familiar with the curriculum by 
creating the projects from the unit and reflecting on the 
pedagogy used during professional development. 

In Spring 2018, 15 teachers implemented the e-textile unit in 
their ECS classes; classes ranged from 20-42 students. The unit 
lasted between 8 and 13 weeks, depending on the classroom. 
There was a wide variety in approaches and modifications 
among implementing teachers. Over 430 students participated 
but only 359 provided consent to collect their data for research 
purposes. Of these 272 completed both pre- and post-surveys. 
For participating schools, percentages of students from 
ethnically underrepresented groups (i.e., non-white) ranged 
between 72% and 99%; English as a second language between 2% 
and 41%; and those with reduced lunch between 47% and 97%. 

3.3 Data Collection 
To investigate student perceptions and learning, we focused on 
two sources of data: (1) students’ perceptions of CS and their 
own competence using a pre-post survey, and (2) teachers’ 
evaluations of student competence (via a grading rubric 
assessment of students’ final e-textile project #4, with human 
sensors). 

3.3.1 Student Pre-Post Surveys. Students were given a CS in 
E-Textiles Survey before (pre-survey) and immediately after 
(post-survey) participating with the ECS electronic textiles unit. 
At the demographic level, students answered questions about 
gender, ethnic identification, prior experience with CS courses, 
language spoken at home, and family college attainment. In 
terms of their perceptions about CS, five categories were 
assessed using a 4-point Likert scale (ranged from strongly 
disagree (1) to strongly agree (4): (1) self-confidence in solving 
CS-based problems (5 items; e.g., “I think I am very good at 
explaining my solutions to technical problems”), (2) fascination 
with CS (4 items; e.g., “Designing new things makes me feel 
excited”), (3) value of CS in future endeavors (2 items; e.g., 
“knowing computer science is important for contributing to my 
community”), (4) the ability to express personally through CS 
activities (3 items; e.g.,  I can be creative in computer science”), 
and (5) the ability to carry out electronic textile-based activities 
(post-survey only, 9 items; e.g., “identify a problem in someone 
else’s circuit diagram for an e-textile project”). The self-
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confidence, fascination, and value of CS items were based on an 
instrument previously published by the Activation Lab [1, 26] 
which measures the affective and cognitive aspects of student 
interests toward science topics or tasks. The survey items were 
adjusted from reflecting on science to computer science while 
items focused on personal expression with CS were newly 
created.  

3.3.2 Grading Rubric. As part of the curriculum, teachers 
were provided a grading rubric to evaluate students’ 
performance on the final project of the unit using human 
sensors. This rubric was organized as follows: 

• Coding (30 points) for having the general structure of code 
including variable declaration, input/output setup and the 
appropriate conditionals (15 points), four complete lighting 
pattern functions (5 points), appropriately commented code (5 
points), and functional sensors (5 points). 

• Circuity (20 points) for the completion and clarity of the 
circuit design (15 points), and functionality of the LED circuits 
themselves (5 points).  

• Design & Craft (50 points) for fulfilling the basic 
requirements of having four independently controllable lights 
and two sensor patches (10 points), aesthetics and finishing (15 
points), sewing (15 points), and design notebook completion (10 
points). 

Following the unit, teachers were asked to evaluate their 
students’ projects based on this rubric and submit these to the 
researchers. 

3.4 Data Analysis 
Student Demographics. In all analyses, we used the following 
demographic information provided by students. Gender was 
defined across three categories including: male, female and 
decline to indicate. Race/ethnic identification was defined across 
seven categories including: Hispanic/Latinx, African-
American/Black, Asian-American, White/Caucasian, Other, 
Biracial and decline to indicate. Primary home language was a 
measure of the extent to which students spoke a language other 
than English at home (responding “never, once in a while, most 
of the time, and all of the time.”). Family college attendance was 
defined as whether or not a student had an immediate or 
extended family member who had attended college. 

3.4.1 Student Pre-Post Surveys. We evaluated the entire 
sample of students who completed both a pre- and post-survey 
for all constructs except for those related to e-textile activities. 
We first validated each of the five survey constructs empirically 
by calculating Cronbach alpha reliability scores using survey 
items in each construct. Scores with ɑ> 0.800 reflect good 
consistency among items in a given construct.  Scores with ɑ> 
0.700 reflect fair consistency. The self-confidence construct had a 
pre and post Cronbach alpha score of ɑ=0.747 and ɑ=0.848, 
respectively; fascination pre and post scores were ɑ=0.767 and 
ɑ=0.800; CS value pre and post scores were ɑ=0.721 and ɑ=0.770; 
personal expression pre and post scores were ɑ=0.893 and 
ɑ=0.860; e-textiles skills (post-survey only) score was ɑ=0.890. 
Thus, all constructs passed the threshold for survey validation. 

To provide insights into overall differences in student 
perspectives before and after participating in the e-textiles 

curricular unit, paired sample t-tests were conducted for (1) 
confidence, (2) fascination, (3) value and (4) expression. Analyses 
of variance (ANOVAs) were conducted to assess differences that 
may exist across the self-reported social and economic 
demographic categories (gender, race/ethnicity, home language, 
and family college attendance). These ANOVAs were conducted 
with the post-survey composite in order to ascertain differences 
in student perspectives after having participated in the e-textiles 
curricular unit.  

3.4.2 Grading Rubric. As a measure of learning, we compiled 
rubric scores from teachers and calculated descriptive statistics 
mean, range, and median) across individual students’ total 
scores, composite theme scores (Coding, Circuitry, Design & 
Crafting), and subtopic scores, (e.g., sensor functionality, circuit 
diagram) to compare student accomplishments in these different 
areas. Because students were scored using four fixed levels 
across each subtopic, we also performed a count and percentage 
of student scores (e.g., for a range of 10, a score of 0, 3, 6, or 10) 
and compared these across the other subtopics as another point 
of comparison.  

For this grading rubric analysis, only 8 of 15 classrooms are 
included for a total of N=174 students. The other classes were 
not included because either they did not finish all four projects 
and therefore did not submit human sensor rubric scores (N=5), 
or they did complete the human sensor projects but provided 
incomplete rubric scores for the project, specifically, the total 
score out of 100 rather than the individual theme and subtopic 
scores (e.g., Circuitry, Sensor Functionality) (N=2).  

4 Findings 

4.1 Student Perceptions of CS  
Across student perceptions of CS, we found significant increases 
in three of the four constructs after participating in the e-textile 
curriculum (see Table 1). The self-confidence outcome suggests 
that overall, students perceived themselves as more confident in 
solving CS-related technical problems or challenges after 
participating in the e-textiles activity. The fascination outcome 
suggests that students reported being more interested in learning 
about computer science after having participated in the e-textiles 
activity. The CS expression outcome suggests that students felt 
that they could engage with activities that are of personal 
interest in computer science. However, there was no change 
(p>0.05) in student responses about their perceived CS value of 
computer science for future endeavors.  
 
Variable Pre-Survey 

Mean (SD) 
Post-Survey 
Mean (SD) 

Demographic 
Differences 

Confidence 15.04 (2.2) 15.54 (2.397)* None 
Fascination 12.58 (2.334) 12.89 (2.307)* None 
Expression 9.6 (2.00) 10.03(1.808)* None 
Value 6.33 (1.314) 6.27 (1.364)* Gender** 
Note *p<0.05, **p<0.001 

Table 1: Differences between pre- and post-surveys 
(N=272). 
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Demographic comparisons did not yield any significant 
differences in how students responded to post-survey questions 
related to confidence in CS, fascination with CS, and overall e-
textiles skills and capabilities (ANOVA), suggesting that the e-
textiles unit was relevant to students’ interest, confidence, and 
sense of creativity with CS regardless of gender, ethnicity, 
language and family education.  Furthermore, while there were 
no overall pre- and post-survey differences on constructs related 
to student CS value, an ANOVA revealed that male students 
reported valuing computer science for future academic and 
professional studies more than female students after working 
with e-textiles. These findings suggest that in some categories 
traditional inequities can persist and require further work. 

Regarding e-textile abilities, mean scores show that 
students felt “very confident” or “confident” in all areas, with 
some minor differences. Overall students showed high 
confidence (mean scores between 3.10-3.59) in areas of crafting, 
circuitry, and basic coding sequences. Students were slightly less 
confident (mean scores between 2.97-3.00) in areas of diagnosing 
coding problems with sensors (which require Boolean logic and 
conditionals) and troubleshooting another person’s code. There 
were no differences regarding the four demographic areas in an 
ANOVA. As we will show, these self-assessed areas of 
confidence matched well with the areas of teacher-rated 
competence in the final project. 
 

4.2 Student CS Competence 
One of the goals for the e-textiles unit was that students create 
personally relevant e-textile artifacts through open-ended 
projects with creative constraints to support depth of learning 
[17]. This goal was met in all 15 classrooms. Preliminary 
examination of student artifacts illustrated diversity of project 
designs despite having the same requirements and materials 
provided in the curriculum. Whereas some students ‘hacked’ 
existing fabric artifacts such as their own t-shirts, hats, and 
stuffed animals by adding LEDs and sensors, still others created 
original soft projects (both flat and 3-D) such as banners or 
pillows using felt and glue (see Figure 1). Students drew from 
diverse sources for inspiration including popular culture (e.g., 
Spiderman, Finding Nemo, M&M candies), personal interests and 
affiliations (e.g., an outer space scene, a school logo t-shirt), 
and/or their own names (i.e., nicknames, initials). The findings 
that students could be creative in the unit was reflected in their 
survey answers, particularly in the category of personal 
expression. 
4.2.1 Teacher Evaluation of Coding and Circuitry. Turning to 
teachers’ evaluations of the final human sensor project from 
eight classrooms, students’ total scores ranged from 16 to 100 
(out of a possible 100 points), with a mean of 79.4, and a median 
of 83. Overall students performed well on the final projects. We 
further considered the spread of scores in different areas of the 
rubric. Students scored the highest in the overall themes of 
Design & Crafting (average of 87.5% out of 50 pts), and Circuitry 
(average of 87% out of 20 pts), and lowest in Coding (average of 
61% out of 30 pts). We investigate these areas more deeply 
below. 

The overall Circuitry score was calculated from two 
underlying subtopics: a workable circuitry blueprint and actual 
working LED circuits (see section 3.3.2). Overall, students scored 
relatively well on both. Regarding clear and workable circuitry 
blueprints, 93.1% of students received the top two scores, with 
76.4% of students receiving the highest possible score. Regarding 
functional LED circuits that turned on, 87.4% of students scored 
in the top two scores with 70.7% of students receiving the 
highest score. Scoring in the top two categories demonstrates 
strong performance in these areas with either perfect work 
(highest score) or close to perfect work (second highest score). 
From this vantage point, nearly all students generally gained a 
strong understanding of circuit fundamentals in the class, 
including knowledge of polarity, short circuits, and spatial 
design of programmable circuits.  

The overall Coding score was calculated from four 
underlying categories (see section 3.3.2): having four lighting 
patterns, clearly structured program code, commented code, and 
functional sensors. Compared to other categories, students 
generally received the highest scores for having four distinct 
lighting patterns as custom functions for controlling the LEDs 
(82.8% for the top two scores, including 68.4% for the highest 
score). This trend makes sense considering that sequencing 
commands to create distinct light patterns was something 
students also did in project #3, the collaborative mural project. 
However, students generally scored lower on both code 
structure—having the appropriate variable declarations, 
input/output setup, and conditional statements (65.5% for the top 
two scores, including 51.1% with the highest score)—and 
functional sensors—having sensor code that read four distinct 
levels of pressure from working handmade sensors (61.5% with 
the top two scores, 50% with the highest score). Considering that 
students were newly introduced to these concepts during the 
final human sensor project, the lower score averages in these 
subtopics are not surprising. Further, students worked in pairs 
during the collaborative mural project but independently in the 
final project, meaning no one could lean on a more capable 
partner for coding.  

In the area of commented code, only 28.2% of students 
scored in the two upper levels (19% with the highest score), 
while 69.5% of students did not comment code at all (0 points). 
While commenting is considered a fundamental skill in 
collaborative and large-scale software development, students 
perhaps felt less interested in doing so for the human sensor 
project since they were working alone. Similarly, they may also 
have prioritized completion over comments: focusing more on 
completing the actual code rather than leaving comments for 
others to decipher. 

Looking across teachers' rubrics we noted that students in 
the classrooms where teachers had 1-2 years prior experience 
leading the e-textiles unit had consistently higher scores in all 
rubric subtopics except aesthetics and finishing, having 
functional LED circuits, and coding four lighting patterns (which 
were already high scoring areas overall). This suggests that as 
with other curricular implementations [24], teachers with more 
experience (even one year) can teach the e-textiles unit in a more 
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successful way that leads to greater depth of student learning. It 
also fits with our knowledge of the classroom implementations, 
where the experienced e-textiles teachers finished the unit with 
time to spare whereas most inexperienced e-textiles teachers 
struggled to complete the unit at all (i.e., the five teachers who 
did not start the final human sensor project and the remaining 
teachers who were pressed for time at the end). We reflect more 
on this in the discussion. 

5 Discussion 
In this paper, we presented our efforts to implement, on a larger 
scale, an e-textile unit within the ECS curriculum designed to 
increase interest in CS and understanding of key circuit and 
computing concepts in high school students from predominantly 
underrepresented groups. Overall, our findings indicate that 
there was success in broadening interest in CS as reported by 
students themselves and to a lesser degree, in deepening the 
learning of computing, circuitry and crafting as evaluated by the 
teachers. In the following sections, we discuss these aspects in 
more detail in addition to considering the role of teachers. 

5.1 Broadening Student Perceptions of CS  
Our first finding is in line with outcomes from prior large-scale 
ECS implementations in which the course has been consistently 
successful in significantly increasing students’ positive 
perceptions of CS [14, 24]. While our e-textile unit followed the 
general format of ECS, it also introduced new elements such as 
textile materials, open-ended project designs, and a much greater 
emphasis on personalization of CS artifacts that provided the 
context for learning about computing. We know from prior 
research that using different materials and practices changes 
who participates in CS activities [4], but it was unclear whether 
this would extend to high school students unfamiliar with CS. 
Overall, our analysis revealed no gender or other demographic 
differences: all participants, including male high school students, 
indicated a broadened CS interest after working with e-textiles 
except in the area of future aspirations. Though many prior 
studies have utilized e-textiles to reach specifically to women or 
to underrepresented ethnic groups, our study suggests that e-
textiles can be an effective means to broaden interest in CS for 
all students. Furthermore, we examined students’ perceptions of 
creativity with CS, an area prominently featured in AP 
Computer Science Principles [5], but rarely quantitatively 
assessed. We know from prior research with e-textiles [2, 18, 17, 
34] that this is an important dimension in how students connect 
to CS. We hope this new survey construct allows for further 
comparisons of creativity and personal expression in other CS 
education contexts.  

5.2 Deepening Student Learning of CS  
In this study, we also tackled relatively new ground for equity-
oriented curricular initiatives such as ECS by assessing student 
learning of computing and engineering concepts from their final 
projects rather than a test. We observed that student 
performance was strong for those computing and engineering 

concepts that they had encountered in previous projects, while 
there was room for growth for those CS concepts that they 
encountered for the first time in the final project. These findings 
are not surprising given the complexities of learning to make e-
textiles that require students to develop an understanding of not 
only functional circuits but also programmable circuits [21] in 
the context of challenging three-dimensional crafts [20]. The 
rubrics allowed us to base assessment on students’ actual work 
in an authentic manner. However, the focus on the final project 
limits our understanding into the processes and problem-solving 
students engaged in during the unit. To this end, in the future 
we plan to examine students’ reflective portfolios which have 
shown promise for evaluating computational practices such as 
iteration, debugging, and testing [16, 22]. Such portfolios may 
also illuminate more about students’ sense of creativity with CS. 

5.3 Designing Inclusive Curriculum Activities 
We began our investigation of implementing an e-textile unit 
within the ECS curriculum to understand whether new materials 
and practices can contribute to the overall equity agenda of 
broadening student perceptions of and participation in CS. While 
broadening perceptions is critical, we also need to make sure 
that students can develop a better understanding of key CS 
concepts and practices within the context of designing 
personally-relevant artifacts. Our findings suggest that providing 
opportunities for personal and collaborative designs are 
promising steps into the right direction.  

Yet we recognize more needs to be done to understand 
teacher implementation and how to support productive 
classroom practices that robustly strengthen equity [11]. Thus 
far we already have hints that prior experience in teaching e-
textiles may result in stronger student learning. Looking more 
closely at teacher practices may yield more specific suggestions 
on how to support more students in going deeper with their 
projects.  It is clear that curriculum design alone “is not enough” 
[14], but that professional development and pedagogy play an 
equally powerful role in enacting and realizing equity in 
classrooms. Supporting teachers across multiple years is a 
continuing challenge, especially in a discipline and field at large 
that has a long history of being exclusive of the very groups it 
seeks to embrace now. 

Our large-scale implementation of the e-textiles unit offers 
one way to challenge preconceived notions of what CS can be by 
juxtaposing and connecting the high technologies of computing 
and engineering with the “low” perceived technologies of 
crafting and sewing. This study shows evidence that open-ended 
e-textiles projects can be done by teachers in regular public-
school classrooms with positive effects for students. Such 
introductions begin to unlock the doors to the clubhouses of 
computing [23].  
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