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1 INTRODUCTION

Ubiquitous computing systems have gained prevalence in CS education due to rising societal demands to teach young

generations that “information is everywhere”, enabling them to make informed decisions [43]. As a result, physical
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computing, a concept originally from art and design, was introduced to challenge stereotypes in computing education
[22, 25], emphasizing “motivation, creativity, and constructionist learning” to teach core computing knowledge, despite
being overlooked in earlier K12 classroom practice [41, 42]. In the past decades, a growing number of studies have
highlighted the benefits of integrating e-textiles, a specific type of physical computing platform, in pre-college computing
education to gain students’ interest and improve the engagement in STEM [23, 27, 29], particularly for gender minorities
[8, 18, 44, 64] and other underrepresented student groups [10, 19, 28], including one case study focusing on the UK
context [13]. While prior work [41] presents practical pedagogical guidelines for introducing physical computing in
classroom teaching, little attention has been given to the unique material affordances of e-textiles. Moreover, much of the
existing e-textiles research has focused primarily on student learners’ experiences, with several research by Fields and
colleagues (e.g., [19, 20]) that has explored training computing teachers with e-textile knowledge through professional
development programs called “Exploring Computer Science (ECS)” in the US and highlighted key elements—such as
supporting teachers’ social-emotional development—that are critical for sustainable e-textile education in computing.
Building on this foundation, our study offers one of the few UK-based exploratory studies of teachers’ experiences and
to investigate how e-textile platforms such as the “SewSimple” maker kit and the BBC micro:bit can be integrated into
Key Stage 3 computing education (students aged 11-14), taking into account both national curriculum requirements and
the everyday realities of classroom practice. This paper aims to explore the research gap in how teachers envision the
use of e-textiles as part of the national curriculum framework, which could lead to greater uptake and engagement in
community skills and subjects among underrepresented groups in computing education.

In this paper, we report insights from two participatory design workshops conducted with eight UK-based teachers
to explore perceived barriers, opportunities and challenges for bringing e-textile platforms into English computing
classrooms. Through six hands-on co-design activities focused on technology and instructional design evaluation, our
goal was to better understand how the unique environment of UK secondary computing education constrains the equity
goals of e-textiles within computing culture. Our research question is: How do teachers perceive the potential of including
e-textiles as part of computing education in English secondary schools?

In summary, this research contributes to computing education in three ways. First, we examine teachers’ direct,
cross-disciplinary experiences with scenario-based learning using a newly designed e-textile platform by our team and
extend the limited discussion on supporting the BBC micro:bit—a physical computing technology backed by the UK
government—in e-textile education. Second, we identify opportunities, barriers, and challenges. Third, we offer insights
into best practices for supporting e-textile adoption and pedagogical practices within existing institutional structures to

maximize students’ benefits for secondary school computing education.

2 RELATED WORK
2.1 BBC micro:bit and CS Education in the UK

The BBC launched the micro:bit initiative in 2016 in the United Kingdom, and early evaluations highlighted both the
motivational appeal of the device and the novelty of engaging students in physical computing in computing education
[2, 12, 24, 48] and computer literacy [49], reporting that students associated the micro:bit with the ability to “create
cool stuff” [52]. However, some studies revealed that the device itself does not guarantee effective learning; its value
is mediated by pedagogical choices and teachers’ pedagogical approaches, which rely on adequate scaffolding and
professional development [53, 62]. Other studies have explored the potential of the BBC micro:bit for interdisciplinary

and deeper disciplinary learning [58, 62] and designed several research toolkits to support pedagogical practices
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[17, 39, 59-61]. While BBC micro:bit intends to “inspire every child to create their best digital future”, especially with
a goal of “widening participation around gender and disadvantaged groups” [2, p.67], scholars also highlight the
importance of implementing sensitive teaching methods to complement the use of such learning technologies. For
example, Videnovik et al. [62] showed that with targeted encouragement, girls were not only able to match boys in
programming tasks but in some cases excelled, underscoring that gender disparities reflect opportunity structures
rather than innate differences. In line with these findings, studies further confirm that girls typically report lower
self-efficacy in programming tasks and less confidence in their abilities compared to boys, highlighting the need for
targeted interventions to build equitable confidence and motivation in computing education [1, 30]. At the classroom
level, Tyrén et al. [57] provided practical recommendations, such as introducing computational concepts through analog
activities, adopting student-friendly terminology, and preparing for technical pitfalls like unstable networks or pairing
errors. A survey of micro:bit users, which includes 405 UK. students and teachers, shows that 86% of students find
computing more enjoyable, and girls are 70% more likely to consider computing as a subject after exposure to the
device [2]. Tzagkaraki et al. [58] demonstrated that a micro:bit-based robotics sequence significantly enhanced students’
self-efficacy and career motivation in science.

Nevertheless, important limitations remain, particularly regarding inclusivity and transparency. Employing the
“Computational Making” framework [47], Rode and colleagues [44, 45] showed how hardware constraints, such as
the lack of sewable connectors, restricted creativity and aesthetic expression, thereby undermining inclusivity in
textile-based projects. Similarly, Cederqvist [11] found that students often treated the device as a “black box” without
explicit scaffolding, limiting conceptual gains. This reinforces the need for teachers to frame micro:bit activities not
only as hands-on making but also as opportunities for students to engage with concepts such as feedback systems,
materials properties, and the dual nature of technological artifacts. Building on established evidence for e-textiles’
engaging potential, our study explores the potential for the classroom implementation, of an e-textile platform and

BBC micro:bit in the classroom.

2.2 E-textile and CS Education

Several studies have examined teachers’ experiences introducing e-textiles to pre-college computing education. Teachers
generally found that making and crafting practices made teaching core computing concepts more engaging and
transformative [34, 35]. Particularly, the emphasis on personalization and problem-solving in e-textile design enabled
teachers to learn more about their students’ individual ideas and to facilitate the engagement of student expertise in
collaborative and peer learning [20]. Ultimately, e-textiles help make computing relevant to all learners while fostering
more welcoming and inclusive classroom environments [54]. By focusing on strengthening school-community [19]
and school-home connections [34] through creating tangible and computational artifacts, teachers can design learning
activities that allow students to link their computing practice to tactile and embodied form of knowledge such as cultural
identity and lived experiences [50], and build an authentic and positive teacher-student relationships for equitable
computing education [34, 54].

Despite these benefits, research also reveals emerging challenges in teaching e-textiles within computing classes. For
example, Shaw et al. [54] found that teachers’ primary concern was a lack of pedagogical approaches and instructional
materials that balance computing concepts with students’ individual needs and interests. Teachers further reported
that the open-ended nature of project-based learning complicates time management and makes it difficult to monitor

students’ progress in e-textile activities [54]. While several studies have proposed example e-textile teaching content
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(e.g-, [9, 26, 32]), this work has largely focused on informal learning settings such as workshops, and less is known
about how such approaches translate to formal classroom instruction.

Regarding teachers’ skill development for teaching e-textiles, Fields and Kafai [19] highlighted the challenge of
integrating aesthetically driven e-textiles and physical computing into teachers’ existing knowledge and practice. They
further identified several supports essential for effective professional development, including stronger organizational
backing, access to material and technical resources, and the cultivation of cross-disciplinary teacher communities and
socio-emotional support to sustain ongoing teacher training [19]. However, these suggestions focus primarily on CS
teachers in the United States, leaving open important questions about the challenges and supports needed to introduce
e-textiles into UK-based computing education. Building on these insights, our work addresses this gap by exploring
context-sensitive recommendations for e-textiles in teaching computing subjects that reflect the culture and pedagogical

practices of English computing education.

2.3 Issues with Teaching Computing in the UK

The current computing curriculum [15] in England introduced in 2014 represents a fundamental shift from the previous
ICT framework, aiming to equip students with a deeper understanding of the principles behind digital technologies
rather than focusing solely on their application [14, 56, 65] to meet the needs of industry and the digital economy
[66]. However, the implementation of the new computing curriculum in England has presented significant challenges
to teaching. The switch from ICT as part of the English national curriculum and the introduction of computing in
2014 marked a substantial shift in subject knowledge, requiring teachers to move from delivering basic ICT skills
to teaching programming, algorithms, and computational thinking [65]. Many primary teachers had little or no
background in computing, while secondary ICT teachers often lacked the depth of programming expertise required
for the new qualifications, making teacher retraining essential [3]. Pedagogical change has also been important, as
teaching programming demands a more student-centered, problem-solving approach. However, teachers face several
barriers, including limited time for professional development, workload pressures, and school-level support [14]. While
communities of practice, regional hubs, and master teachers have successfully built networks to share resources and
improve confidence, the reach of these initiatives remains uneven, and the sustainability of such support is uncertain
[3]. Teaching programming is further complicated by the difficulty students face in grasping “threshold concepts” such
as abstraction, control flow, and recursion, which are crucial for deep understanding. Meanwhile, motivation is also a
concern, with teachers reporting student disengagement, particularly among girls, and frustration when students give
up quickly [51]. These challenges highlight that while the curriculum is ambitious in vision, its success depends on
systemic investment in teacher capacity, resources, and evidence-informed practices to ensure equitable and effective
delivery.

Therefore, some researchers have suggested that computational thinking and computing should be introduced
earlier and in more playful, engaging ways—such as through games, robots, and hands-on activities—to build stronger
conceptual foundations [65]. One approach is the use of tools like the BBC micro:bit, which allows students to experiment
with physical computing and see the immediate, tangible results of their code [31]. This approach can make abstract
concepts such as variables, loops, and algorithms more concrete, supporting students’ problem-solving skills and
creativity [2]. One educational framework designed explicitly with e-textiles in mind, computational making, created a
framework to support maker education and computing education to address this wider set of skills [47], and we feel

this needs to be taken up in future work. Such strategies can also foster a sense of ownership over learning, which may
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encourage wider participation and help address gender disparities in computing. As such, this research will explore the

potential of using BBC micro:bit to teach computing and its challenges.

3 METHOD

This study investigated UK-based teachers’ perspectives on e-textiles through a newly designed maker kit by our
team (See Figure. 1), the “SewSimple” [17] and BBC micro:bit for secondary school computing education. Building on
Musaeus et al. [33]’s discussion, we conducted two participatory design workshops with eight teachers (current or
newly qualified). While all participants were encouraged to take part in both workshops, only two (P1 and P4) were
able to (see Table 1). Both workshops were held in person in London at University College London in Summer 2025,
with ethics approval obtained in advance (#REC2071 & #RKEESC020_25_01). Participant was compensated with a £20

Amazon voucher on the completion of each workshop as an acknowledgment of their time and contributions.

QLo QLo
oo QLo
QL® QLD
QLo QLo

Fig. 1. The “SewSimple (V1.1)” maker kit

3.1 Participants

We recruited a total of eight teachers who were familiar with the Key Stage 3 (KS3) national curriculum (students
aged 11-14) and who had at least one year of teaching experience at public or private schools at either the upper
primary/lower secondary level in England (detailed information see Table 1). Participants were initially recruited
via the university networks (e.g., directors of PGCE/teacher training programs, social media, and personal contacts).

As e-textiles require multidisciplinary skill-sets and cross-subject collaboration [29], we sought to include not only
Manuscript submitted to ACM
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Table 1. Participants’ Information. Note that some teachers (P1 and P4) participated in both workshops.

Workshop | ID | Gender Subject Level
P1 Male Computing Secondary
P2 Male Computing Secondary
Workshop 1 | P3 | Female | Art & Design (Textiles) Secondary
P4 | Female Computing Primary
P5 Male Computing Secondary & Afterschool Club
P1 Male Computing Secondary
P4 | Female Computing Primary
Workshop 2 | P6 Male Computing Secondary
P7 | Female Art & Design Primary
P8 | Female | Art & Design (Textiles) | Primary, Secondary & Afterschool club

computing teachers but also teachers from related subjects (e.g., Design & Technology, Art & Design) as discussed
in prior work [13] to enrich our data collection. In total, five computing teachers and three art & design teachers

participated in the two design workshops.

3.2 Workshop Structure

The overarching goal was to gather teachers’ in-depth feedback on e-textiles in computing education, in relation to the

current national curriculum guidance defined by the UK government.

3.2.1  Workshop 1. The first workshop (see Figure 3) focused on identifying the relevance of e-textiles, potential
challenges, and the resources required to integrate them into current classroom practice through three activities. To
support a contextualized understanding and discussion, inspired by the cultural probe technique [21, 40], we introduced
teachers to a novel e-textile teaching/maker kit called “SewSimple”. Participants engaged in a series of exploratory tasks,
including touching and feeling electronic and non-electronic materials (e.g., felt, colored pencils), inspecting example
e-textile artifacts, and practicing a basic activity of lighting an external LED using “SewSimple” and a BBC micro:bit to
simulate an introductory teaching experience. This was followed immediately by a structured reflection task. For the
reflection, we provided a two-column whiteboard (“Usability challenges” / “Support needed”). Participants wrote their
ideas on sticky notes and placed them in the relevant column. In doing so, they clarified the usability challenge and the
corresponding forms of support they would find most useful when teaching with “SewSimple”.

Afterwards, the five participants were divided into two groups to examine a sample e-textile project and collaboratively
map its alignment with the National Curriculum for England (KS3) Computing and Design & Technology goals. Groups
were composed to balance gender, subject expertise (Computing v.s. Art & Design/Textiles), and experience; however,
exact parity was not possible with five participants. In this activity, participants worked on a pre-prepared whiteboard:
a left-hand reference column listed the KS3 computing goals [15], with three mapping columns to the right—“Aligned
elements”, “Challenges to alignment”, and “Suggestions for alignment”. In small groups, participants first located the
relevant KS3 goal in the reference column. They then used the “Aligned elements” column to note which feature(s) of the
sample e-textile project evidenced that alignment, and recorded strengths, misalignments, and proposed improvements
in the relevant columns. Building on this, each teacher completed an individual reflection on the provided board, writing
their own ideas on sticky notes in three sections: “Challenge”, “Supports”, and “Resources” to articulate what they
considered necessary for effective curriculum alignment. The procedures of activities are shown in Figure 2.
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The final portion of the workshop brought the two groups back together to reflect on their group findings based on

their workshop and teaching experiences.

3.2.2  Workshop 2. The second workshop (see Figure 4) extended these discussions, aiming to co-envision an e-textile
teaching framework based on the UK national curriculum’s guidance through three design activities. Prior work
highlights the benefits of scenario-based learning (SBL) in fostering computational thinking through inquiry-based
activities and educational technologies [17, 38, 67], and shows that role-playing can support design processes [55].
Building on these insights, participants first engaged in a role-play exercise in which one acted as a student and enacted
a sample scenario by constructing an e-textile artifact using the “SewSimple” maker kit and BBC micro:bit to address a
social problem.

During workshop two, teachers collaboratively mapped which knowledge and skills in the scenario aligned with the
National Curriculum for England (KS3) Computing and Design & Technology (D&T) goals. The aim was to show how a
scenario can embody and integrate curriculum goals and to build the habit of explicitly referencing KS3 aims when
designing their own scenarios later in the workshop. Five participants self-selected into two groups (in this instance,
the participants self-selected working in one all-female, one all-male group) and worked on a pre-prepared whiteboard
with the left-hand reference column listing the KS3 Computing and D&T goals, and the right-hand column capturing
the knowledge/skills evidenced by the scenario. Step by step, groups reviewed the scenario and identified a relevant KS3
Computing goal, then wrote the aligned knowledge and skills on sticky notes and placed them in the corresponding
column.

Next, building directly on the mapping outcomes, teachers refined their own SBL ideas for e-textiles and co-planned a
lesson sequence that scaffolds the use of “SewSimple” and the BBC micro:bit. Using a provided flow-chart template, they
documented the plan in a structured section, including activity description, required resources, and expected learning
outcomes, therefore turning insights from enactment and mapping into tangible design artifacts ready for classroom
use. Similar to the first workshop, the session concluded with group reflections with contrasting teacher-designed
e-textile teaching plans to the KS3 computing education guidance [15]. Selected artifacts are shown in Appendix B. The

procedures of activities are shown in Figure 2.

3.3 Data Collection and Analysis

Both Workshops were facilitated by a graduate student with a background in learning experience design (LXD),
supported by two authors (a faculty author and a PhD student) and another graduate student for data collection.
Five hours of video data were collected along with tangible artifacts such as a teacher/participant-designed e-textile
teaching plan (see Figure 6). We videoed all design activities and intra/inter-group conversations and used MS Teams to
auto-transcribe the group discussion parts. For data analysis, we analyzed the transcriptions and design artifacts such
as instructional materials for introducing e-textiles with the “SewSimple” maker kit.

The team performed reflexive thematic analysis (RTA) [4-7] due to its flexibility to combine the inductive coding
process with practical pedagogical perspectives that drew on the coders’ lived experiences as former educators and
learning technologists. The first author, a physical computing educator and one of the main creators of the “SewSimple”
maker kit, analyzed the workshop artifacts, while the second and third authors (who both are identified as female
working at the intersection of educational research and computer science) collaboratively coded two group discussions.
In this process, we met regularly with the faculty authors on the team to discuss our initial codes and definitions, and
refined our themes after revisiting the full dataset following the suggested six-phase approach [5].
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Workshop 1 Workshop 2

Introduction to E-Textiles

: Role-Play Scenario
and Exploration

Usability Challenges / Curriculum Alignment
Support Needed Mapping

Curriculum Alignment Co-Planning
Mapping Lesson Sequence

Group Reflection Group Reflection

Fig. 2. Diagram of workshop activities

4 RESULTS
4.1 Opportunities

Two themes emerged related to opportunities to integrate e-textiles into the English computing curriculum: foster
students’ motivation and interest, and a potential alignment with the English national curriculum. These are in line
with the previous computing education research on leveraging physical computing’s unique affordances to bridge the
gap between code and the physical world into tangible, real-world experiences [49, 53], particularly e-textiles that

enable culturally relevant pathways to computing, improving students’ self-perception of their STEM abilities [13, 29].

4.1.1 Fostering Students’ Motivation and Interest. Teachers reported that multimodal experiences with physical com-
puting technologies play a powerful role in sparking students’ motivation and sustaining their interest in computing
practices. One teacher described how embedding a BBC micro:bit into an RC car transformed programming lessons into
interactive experiences: “When the car moved, you could see the lights go on in their eyes, and they were genuinely trying
to learn”(P5). Physical computing systems afford a tangible way to deliver high-level computing concepts, through
physical, real-world applications with Python coding exercises. It enhances young learners’ engagement by making
learning more concrete and rewarding. In contrast to knowledge being mediated through texts on a screen, students
saw the effects of their programming in the movement of the car.

E-textiles seemed to extend these benefits of physical computing, and offered a pathway to engage with students who
are scared of traditional computing lessons: ‘T had a lot of issues with attracting young ladies to computer science, and I think
that’s (e-textile practices) a brilliant way to kind of entice them back”(P2). Again, E-textiles can help reposition computer
science as interdisciplinary, connecting creativity, design, and engineering to challenge stereotypical perceptions of
computing as purely technical and abstract, and attract broader participation. Taken together, these teacher’s experiences
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illustrate how physical computing, especially e-textiles, can function as motivational catalysts to involve students with

different experiences in learning.

4.1.2  Alignment and Diversifying Curriculum. Teachers observed that e-textiles have strong potential to be incorporated
into the national curriculum because their aims closely align with existing subject frameworks. One teacher reflected

on the adaptability of e-textile activities:

I feel like it definitely aligns with the curriculum. I feel like it has a lot of scope as well for quite interesting
work...I mean, obviously I'm also in art and design, which is a very different curriculum. That’s the
outcome I would probably look at, analysing art, design, technology. But from my opinion, from looking
at them [e-textile applications and national curriculum guide] next to each other, I feel like, yeah, it aligns

with things I can see (P3)

While working from an art and design perspective, the teacher saw interdisciplinary potential to connect creativity and
programming through making and design, bridging aesthetic exploration with technical skills. Teacher P4 also pointed
to the computing dimension of e-textiles, reinforcing its compatibility with national curriculum priorities for coding:
“..with the micro:bit [as part of the e-textiles design], you’d link the coding part of it to the curriculum, so you can show that
connection.”

Although these opportunities could facilitate the integration of e-textiles into the curriculum, in practice, there are

also some barriers that prevent the integration of e-textiles.

4.2 Barriers

This section will present two main themes related to barriers to integrate e-textiles into English computing curriculum,

including issues with teaching physical computing in schools and curricular barriers in the UK Key Stage 3 Frameworks.

4.2.1 lIssues with Teaching Physical Computing in Schools. In this paper, we identify two issues with teaching Physical
Computing in schools: Knowledge Planning Conflicts and Lack of Sufficient Time in the Formal Curriculum.
Knowledge Planning Conflicts. Some of the teachers discussed the challenges of introducing BBC micro: bit and
“SewSimple” in the current teaching practices at schools, particularly in the aspect of knowledge planning. We inves-
tigated these challenges in an e-textile context specifically. Teachers noted that while these technologies have the
potential to connect computing, electronics, and design, fragmented planning across departments (subjects) limited

their impact and increased the cognitive demands placed on students to recall prior learning independently:

We tried with the engineering department... we were doing Python programming, they were doing the
electronic side, but because they did it in the spring term and we had done Python in the autumn term, by

the time it came to spring, the students had already forgotten the ‘Python’ (P2).

There can be a mismatch in curriculum timing across the year, where students were expected to apply programming
knowledge months after learning it, resulting in a significant loss of knowledge retainment. Teachers connected this

issue to a broader aspiration for more coherent cross-subject planning:

Which [cross-subject planning] is what you would hope happens with the national curriculum—that we
could link all of our subjects together in the same term and teach the same stuff. It doesn’t always happen
that way (P4).
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Such misalignment across subjects and terms created barriers for integrating BBC micro:bit and “SewSimple” e-textile
activities effectively.

Lack of Sufficient Time in Formal Curriculum. Teachers reported the micro:bit was too time-consuming to use during
the limited hours allocated for these lessons under the formal curriculum. In particular, they were concerned about
the time required to inventory, maintain, and distribute all of the requisite components. The “SewSimple” further
exacerbated this due to the additional requirements of e-textile materials. Both P2 and P3 commented that the “set-up”
required to lay out materials and equipment required for physical computing consumes excessive time and is “annoying”
(P2). P2 further said,

10 minutes to get it out, 10 minutes to put it back in. I feel like the BBC — nothing against what the device
does — but the BBC could have made it easier for the classroom. And I think it’s to do without computers
that just, it’s a cable. The cable is the barrier.

P3 elaborated: “If you're teaching, like, five, two-hour lessons a day, like in PGCE art, you’re doing those setups all the time,
and you feel like the actual teaching becomes a little bit harder.” One teacher reflected on this significant time demands
associated with delivering these activities as part of regular lessons rather than in an after-school club: T took it out,
like he (P1) said, because of the setup” (P2).

Therefore, due to the substantial time required for equipment setup, a large amount of lesson time was lost, leaving
limited opportunities for actual teaching and learning activities. This time pressure made it difficult for teachers to meet
curriculum objectives and maintain student engagement, leading to (P2) eventually remove these activities from the
formal curriculum. The tension between the limited lesson time available and practical requirements to teach e-textiles
highlights the challenge of adequate planning, scheduling, and resource management being necessary when introducing

the BBC micro:bit, “SewSimple” maker kit, or any other physical computing systems.

4.2.2  Curricular Barriers in the UK Key Stage 3 Frameworks. Participants particularly highlighted that disciplinary
boundaries and self-contained subject-focused learning guided by the UK national curriculum hindered the integration
of e-textiles into computing learning. For example, in the UK, Design & Technology is considered as a closely relevant
subject to e-textiles for computing education [13]. While tools such as the “SewSimple” and BBC micro:bit are perceived
aligning well with the aims of design technology (P3): “design technology is such a small part of the curriculum, and this
would actually fit in really well, so yes, it does align with it”, the subject itself occupies only one optional class under
the national curriculum, resulting in a limited impact on leveraging the diversity goals of e-textiles. Furthermore, one
teacher pointed out that the limited focus on physical computing and maker education in the national curriculum
misses the opportunities to incorporate e-textiles more broadly into teaching practices and the school curriculum,

which loses the opportunities to engage underrepresented groups, particularly girls in computing fields:

And [I] think there should be more of a section on e-textiles...I think they’ve missed an opportunity there,
and that will get more girls into actually using or using computers, because they’ll have a section that’s

dedicated to actually introducing something a skill, because this [e-textiles] is a skill (P4).

This was echoed by P1 and P2, who shared their struggles of including more girls in either school classes (P1) or

technology clubs (P2) due to the fear of conventional computing education:

The girls just think programming is hard, for whatever reason. But when they get it, when it clicks in
their head, they fly; sometimes they fly faster than the boys. But the programming part has put some off,
and then when it comes to clubs and things like that, they don’t walk into tech clubs. (P2)
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Instead, P3 observed a gender imbalance in Art & Design classes that “Interestingly, the class I taught for that was mostly
girls and like less boys”. She suggested that integrating e-textiles into the Art & Design classroom practices could provide
an opportunity to challenge the current gendered patterns of participation and become “an interesting way to get around”
to include more boys in creative skills development and support girls to develop computational interest extended from
existing creative making learning. However, her comments revealed a new potential challenge: ensuring that e-textile
activities are equally appealing to students of all genders and that engagement is sustained for all learners.

These reflections underscore the tension between curriculum content and opportunities for inclusive computing
education, illustrating that curriculum planning intentionally bridges design technology, art, and computing, and also

promotes gender equity by providing a more diverse range of entry points into computing.

4.3 Practical Challenges

Learning Curve and Additional Support. Teachers reported that the “SewSimple” maker kit could extend BBC micro:bits’
use in the current learning exercises; however, it faces several non-technology-related challenges for immediate
classroom adoption. For example, students lacked core crafting skills such as sewing required for all e-textiles. P4
highlighted that students could gradually build confidence in programming, another core knowledge area for e-textile
making, through the MakeCode tutorials by BBC micro:bit education, while teachers ‘can spend more time on the textiles
side, which is another challenge in itself, you know, sewing, using scissors, that kind of thing”. She further noted in the
second workshop when discussing e-textile class planning: “..you do have to teach the (crafting) skillsets. For example,
some primary pupils couldn’t even thread a needle. So you can’t skip the foundational skills.” This indicates a potential
knowledge shift in focus for computing sessions to support successful and sustained learning with e-textiles.

Similar to students needing to learn non-computing knowledge, another challenge involved teachers themselves
acquiring new skills. As e-textiles enable cross-disciplinary teaching by combining Art & Design with computing
[20], teachers from each background also need a fundamental understanding of the other domain. For example, P3, an
Art & Design teacher, noted they “would struggle with the programming part”. This highlights the need, particularly
for less technical teachers, to build confidence and overcome the fear of learning to code. Similarly, P2, a secondary
school computing teacher, expressed hesitation about lacking crafting knowledge and recognized that realizing the full
potential of e-textiles in formal learning would require time for further exploration to ensure a smooth transition and
sustainable use: “because textile is not my specialism. I feel like this kind of project will stay as a club for now, see how
much time things take, what I need, that kind of thing, and then we could bring it into the classroom”(P2).

Indeed, some of the computing teachers reluctantly conveyed they did not know how to sew. Overall, these findings
show that beyond the technology platforms, successful adoption of e-textiles in computing will also require dedicated
support for new knowledge development and time for experimentation for both students and teachers to help grow the
cross-disciplinary skills and confidence needed to realize the full potential of e-textiles.

Financial Costs of the Physical Materials. Rode et al. [45] highlight that teaching computing with e-textiles is unique
in that it leverages material qualities afforded by physical components such as the electronic components, conventional
crafting supplies, and microcontrollers like the BBC micro:bit, and the integration of coding and crafting into interactive
computing exercises that together prompt students to learn and apply computing knowledge to tangible learning
outcomes. For teachers, this introduces a new challenge in this material exploration process: access to materials and
the cost of damage. In the first workshop, participants shared their current teaching conditions at their schools and
noted the need to purchase “electronic basics” to be able to afford e-textile sessions. As a newly qualified teacher, P3

added to the comment: ‘T just feel like, yeah, there are definitely lots of resources needed for it. I'm not sure how much
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that would cost, like thread and stuff, I don’t know how expensive that is.” While having the demands, P1 pointed out
ongoing budgeting issues at his school and across the nation: “a lot of design technology jobs are being cut...in my school
and within the borough.” These budget constraints also increased the concern around material supplies and costs; he

highlighted that the wear and tear in physical computing projects makes it difficult to reuse limited resources:

because you can imagine little kids put it, pulling out the battery pack, and there was a lot of damage
there. So eventually we just had to kind of scrap it completely, which is a shame, because I would love to

do something like that again (P1).

P1’s account underscores the financial realities of material acquisition and maintenance that present a significant barrier
to the sustainable introduction of e-textiles and creative education in computing classrooms.

Lack of Teaching Resources and Feasible Approaches for Teaching E-textiles. Three instances from Workshop 1’s artifact
(post-it note) analysis illustrated video demonstrations as a teaching method and highlighted the need for further
support to effectively introduce e-textile knowledge with the maker kit. This discussion continued in Workshop 2,
where four teacher participants mentioned the potential suitability and usefulness of video for teaching current students:
‘I think in today’s age, I think a lot of the kids get things quickly from animation, video, animations. I mean, that’s it. They
run with it. They’re like, okay, I get it. And off they go”(P7). P8, however, expressed some concerns, noting “for some
students, it needs to be slightly tailored, because not all of them actually understand what you mean right away.” This
shows that the weakness of video demonstrations lies in their lack of individual, personalized focus, which contrasts
with the strengths of e-textile computing education as discussed in other literature [19]. Furthermore, the effectiveness
of such an approach was questioned in the first workshop. P2 shared his observation of the official website’s instructions
and students’ learning experiences. However, one also raised questions about how to plan step-by-step content that

would be suitable and easier for students to understand. He further said,

I think it really tricks the girls, because on the BBC website, did you push the fact you can sew it to things
like that? But it feels like an afterthought, yeah? More like, ‘Here’s what else it does, you can sew it onto

things, and then that’s it. Just one line. Because the website always strives to maintain a clean appearance.

This highlights that, while existing online e-textile content may attract learners of a wider range of genders, transforming
this interest into actual engagement through video tutorials alone is not enough. Overall, this reflection demonstrates
that video-based learning may spark initial curiosity. However, its “one-size-fits-all” format may limit students’ deeper

engagement, highlighting the need for instructional materials and methods that are sensitive to diverse learner needs.

5 DISCUSSION
5.1 Curriculum Gaps and Interdisciplinary Opportunities in UK Secondary Computing Education

We found that there are structural challenges of integrating e-textiles into the KS3 computing curriculum. The current
national curriculum provides very limited coverage of physical computing, and as Rode et al. [44] note, the design
of the BBC micro:bit does not fully account for gender equity or integration with e-textiles. The lack of curricular
grounding leaves cross-disciplinary tools such as SewSimple without a formal entry point. Teachers repeatedly reported
that even when students had previously been introduced to Python, the absence of continuity between subjects meant
that knowledge was often forgotten or difficult to transfer. P2 explained, they taught Python in the autumn term, but by
the time they collaborated with engineering in the spring, the students had already forgotten it. These down stream
effect exemplifies the consequences of weak curriculum integration and reinforces Sentance et al. [53]’s argument that

micro:bit teaching requires adequate scaffolding and professional development.
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The study also demonstrates that implementing e-textiles requires teachers to master programming, electronics,
textile craft skills, and interdisciplinary pedagogy simultaneously. This is not only a matter of acquiring additional skills
but represents a reconfiguration of professional identity [62]. Traditionally, computing teachers have been positioned
as “coding experts,” while D&T or art teachers have been seen as “craft and design experts.” Electronics skills are
often outside both roles professional senses of self. By contrast, our participants revealed the challenges of occupying
cross-disciplinary roles. P3 admitted that they would struggle with the coding part, while P2 stated that textiles is not
their domain. This extends Fields et al. [20]’s work on how e-textiles foster personalization and collaborative learning,
offering a new perspective on how teachers adapt during processes of technological integration.

Yet, the UK context still lacks robust systems of teacher support. Despite efforts, the government-funded computing
resource such as the National Center for Computing Education [36], which provides discipline-specific support, only
provides minimal content for the BBC micro:bit and none for e-textiles [65]. In contrast to the US, where teacher
communities and structured professional development in e-textiles are more established [19], UK teachers reported
isolation, lack of time for self-study, and minimal access to shared resources. As Boulton and Csizmadia [3] argue,
while some communities of practice and regional hubs have emerged, their reach remains uneven and sustainability
uncertain. Without systemic support at the national level, e-textiles are unlikely to be sustainably embedded in the
formal curriculum. At the same time, the findings confirm the unique educational value of physical computing. Teachers
consistently highlighted that combining micro:bit with SewSimple promoted tangibility, motivation, collaboration, and
creativity, offering clear advantages over purely software-based programming. This aligns with Austin et al. [2], who
found that 86% of students reported computing as more enjoyable, with girls 70% more likely to consider computing as
a subject choice. Building on the computational making framework [47], this study shows that combining SewSimple
with the micro:bit demonstrates the feasibility of cross-disciplinary innovation within existing infrastructures. However,

its sustainability remains dependent on curriculum structures and policy support.

5.2 Gender, Curriculum Silos, and Inclusive Computing

Our study further uncovers the relationship between curriculum silos and gender bias. The 2014 reform of the UK
curriculum [15] emphasized computer science while neglecting integration with arts and design [13, 65]. This shift
required teachers to move from teaching basic ICT skills to programming, algorithms, and computational thinking
[65]. The result, as demonstrated by both the literature and our data, is that computing lessons are broadly dominated
by boys, while Art & Design classes continue to primarily attract more girls. This structural division reflects a gap in
curriculum design that reinforces gender bias in computing as well as other subjects. As Sentance and Csizmadia [51]
report, many teachers highlight disengagement—particularly among girls. This was echoed in our study by P4’s point
that there’s not enough access to physical computing or e-textiles, which is a missed opportunity to get more girls truly
using computing.

Within this context, e-textiles provide a means of bridging disciplinary divides. Our teachers observed that girls
often reported low self-efficacy in programming, which is consistent with prior on gender and programming [1, 30]. P1
noted that girls just find programming hard, but when they get it, and it clicks in their head, they fly, and sometimes
even faster than the boys. Activities with SewSimple enabled students to achieve tangible mastery experiences, aligning
with international evidence that, under targeted encouragement, girls not only match but may even outperform boys
in programming tasks [62]. Such potential is emphasized by Tzagkaraki et al. [58], who found that micro:bit-based
activities significantly enhanced students’ self-efficacy and career motivation. Several teachers remarked that boys,

through participation in sewing and crafting tasks, engaged with creative practices. P3 described this as an interesting
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way to get around, which enables girls to build interest in computing through creative making, while encouraging
boys to value design and craft. This dual opportunity is underrepresented in the literature and provides an important
theoretical contribution.

Prior work points out the broader inclusivity potential of e-textiles. Nakajima and Goode [34] highlight their role
in fostering welcoming classroom environments, and Shaw et al. [54] argue that e-textiles help make computing
meaningful for all learners. Yet our findings show that the current curriculum, narrowly focused on programming
skills in its delivery, limits the ability of e-textiles to realize these diversity goals. As P4 observed, D&T is such a small
part of the curriculum. Although the SewSimple fits really well, its marginal status undermines its impact. These
results underscore the need to revisit the philosophical foundations of the national curriculum. Rather than positioning
computer science as the exclusive center, a more balanced, interdisciplinary, and gender-inclusive approach is required

to ensure equitable participation for all students.

5.3 Funding, Policy, and Partnerships for Sustainable E-Textiles Adoption at Schools

Lastly, our study discussed how limited school budgets, which are part of an ongoing financial issue across UK primary
and secondary schools [37], have become a key constraint on the smooth integration of e-textiles and physical computing
in secondary computing classrooms. Previous research by the Raspberry Pi Foundation, a UK-based independent
educational charity, found that although physical computing technologies, particularly the BBC micro:bit, have been
given governmental support for computing education, many English primary school teachers still found it struggling to
secure sufficient equipment for classroom teaching and faced inequities in access due to factors such as school size,
region, and category (independent v.s. state-funded) [12]. In the e-textile context, our findings echoed this discussion,
highlighting that resource shortages raised teachers’ concerns to obtain enough a wide range of materials required for
the material-driven practices unique to e-textile learning [9, 45]. Further, our findings show that this financial issue also
hinders having qualified e-textile teachers in the classroom due to staff recruitment or limited support for teachers’
skill development across cognate subject areas such as Design & Technology or Art & Design [13]—creative disciplines
core to developing fundamental e-textile skills such as creativity and constructing [47].

While prior literature has not directly emphasized these financial barriers to teachers’ experiences with e-textiles in
CS education, it has provided insights into best practices to support teacher learning and managing material concerns.
For example, Fields et al. [20] demonstrated the success of collaborations between research institutions and schools
through the government-supported program “Exploring Computer Science” where computing teachers were able to
work with e-textile scholars and practitioners to develop core skills and teaching materials suitable for e-textile use in the
computing classroom. In the UK, several universities—including the institution where this study was conducted—offer
widening-participation programs (e.g., the CS4fn project by Queen Mary University of London) as an outreach initiative
to foster collaboration with schools and individuals [56]. While these initiatives may not directly resolve funding issues,
they can create an opportunity and sustain teacher and student engagement with physical computing equipment and
e-textiles, paving the way to future e-textile curricular implementation.

Furthermore, Shaw et al. [54, p. 13] emphasized the benefit of leveraging local resources to enable transforming
existing knowledge to effective e-textile teaching in schools and facilitate teachers’ “grew (growing) existing relationships
and developed new ones with each other” through participatory, community-based learning environments [19]. Some
British after-school programs focused on computing and technology, such as Code Club and CoderDojo, operate on a
volunteer-based model and provide extracurricular knowledge and skills to support students’ informal learning and

help them maintain technological skills relevant to the digital economy [56]. Although teachers may not be directly
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involved, many teachers like some of our participants reported prior experience working in these clubs and building
new relationships that help knowledge exchange between school and informal learning environments. Such teacher
communities are critical for enabling cross-subject and cross-disciplinary collaboration [20] but also afford social
connections and emotional support for continuous teacher’s development [19], both of which are important to integrate
e-textiles into computing teaching practice at schools. Overall, these communities may provide a foundation for
building sustainable networks that support both professional development and resource sharing for e-textile computing,

ultimately benefiting both teachers and students.

5.4 Limitations

One study limitation is that due to the physical locations’ constraints, our participants are mainly recruited from
London-based schools, which may restrict our understanding of a wider range of teachers’ and students’ experiences
with educational technologies, particularly those from areas and regions where technology resources are more scarce.
Furthermore, our study was grounded in an analysis of the English National Curriculum, which limits our discussion of
educational objectives outlined by other nations in the UK. Although our findings are context-specific, prior research
indicates substantial similarities across K-12 CS education internationally [16]. We therefore believe that our insights
have broader relevance for curricula where subjects are siloed. At the same time, we call for more region-specific research
to better leverage the educational potential of e-textiles for both teachers and students. Finally, we acknowledge that our
research and much prior work were conducted in a binary gender context, and additional research in a gender-diverse

context is needed to be more inclusive.

6 CONCLUSION AND FUTURE WORK

Physical computing technologies such as the BBC micro:bit and e-textiles have shown great potential in supporting
equity goals in secondary school computing education. Through two participatory design workshops with eight teachers,
we identified opportunities that e-textiles could foster students’ motivation and interests in learning through real-world
and physical application of computing, and that e-textiles align with some of the aims of the national curriculum.
However, teachers also reported persistent barriers, including fragmented cross-subject planning and limited curriculum
time, the lack of physical computing in the national curriculum, practical challenges such as complex classroom
setup and new skill demands (both for students and teachers), financial constraints around materials, and a lack of
tailored teaching resources. These structural and practical obstacles highlight the need for clearer curriculum design,
affordable and reusable materials access, and professional development to build teachers’ confidence in delivering
e-textile activities effectively. More importantly, the national curriculum needs to be revised to enable teaching across
all three areas, including programming, electronics, and e-textiles. At the same time, the findings highlight structural
tensions that shape classroom realities. While teachers perceived strong curricular alignment between e-textiles and
the national computing framework, fragmentation across departments and rigid curriculum structures limited coherent
cross-subject planning. These perceptions reveal a tension and broader systemic pressures facing UK schools: e-textiles
can make computing more tangible, collaborative, and inclusive, yet systemic and institutional factors—curriculum
silos, resource scarcity, and limited training—currently inhibit their impact. This research was one of the few that uses
a purpose-designed e-textile device to explore the use of this approach with teachers; rather than highlighting the
hardware or programming environment barriers, this study was able to focus on the practical challenges of including the
e-textile approach in UK classrooms. This research contributes to computing education in three key ways. by examining

teachers’ direct, cross-disciplinary experiences with scenario-based learning using a newly designed e-textile platform,
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identifying opportunities, barriers, and challenges, and finally offering insights into best practices for supporting
e-textile adoption and pedagogical practices within existing institutional structures to maximize students’ benefits for
secondary school computing education.

Beyond these curricula concerns, while we have a lot of e-textiles research focusing on attracting girls to computing
[8, 17, 26]; less is known about boys’ attitudes towards art and crafting skills development. Certainly, our data shows
these activities are perceived as highly gendered. Weibert et al. [64, p.15] were careful to present data to push back that
boys can find e-textiles fulfilling, writing that the use of an e-textile “allows both girls and boys to demonstrate technical
mastery as well as to explore and construct a spectrum of gendered sociotechnical identities that might otherwise be obscured
by conventional masculinist attitudes towards technology”. Elsewhere, Rode et al. [46] have discussed that there are
pressures on technology learners to perform their gender in line with social norms about appropriate technology use
by their gender (this is based on the social theory of “technology as masculine culture” [63]). As e-textiles are highly
gendered, this will remain a significant challenge for teachers; consequently, future work must unpack not only how to
support the development of self-efficacy but also how teachers actively teach to decouple love of technology, including
e-textiles, from pervasive gender norms.

To support teachers, we highlighted ways to form and strengthen teacher networks and to foster a community that
supports teachers and students’ engagement with e-textiles and other physical computing technologies. Based on the
UK context, we specifically identified opportunities such as collaborations between research institutes and schools or
interested individuals, as well as connections with volunteer tutors from government-funded after-school clubs. These
efforts can facilitate skill exchange, resource sharing, and continuous learning that help both students and teachers

prepare for future policy changes.

ACKNOWLEDGMENTS

This work was partially funded by the UCL Higher Education Innovation Fund (HEIF) Knowledge Exchange and
Innovation program (KEI2024-01-65). We particularly thank Claire Qiu for supporting data collection, and Andrian Mee

and Carol Wild for participant recruitment.

REFERENCES

[1] Efthimia Aivaloglou and Felienne Hermans. 2019. Early programming education and career orientation: the effects of gender, self-efficacy, motivation
and stereotypes. In Proceedings of the 50th ACM technical symposium on computer science education. 679-685.

[2] Jonny Austin, Howard Baker, Thomas Ball, James Devine, Joe Finney, Peli De Halleux, Steve Hodges, Michal Moskal, and Gareth Stockdale. 2020.
The BBC micro: bit: from the UK to the world. Commun. ACM 63, 3 (2020), 62-69.

[3] Helen Boulton and Andrew Csizmadia. 2018. Implementing the computing curriculum at national and regional level: lessons learnt from England.
In INTED2018 Proceedings. IATED, 1548-1552.

[4] Virginia Braun and Victoria Clarke. 2021. Can I use TA? Should I use TA? Should I not use TA? Comparing reflexive thematic analysis and other
pattern-based qualitative analytic approaches. Counselling and psychotherapy research 21, 1 (2021), 37-47.

[5

=

Virginia Braun, Victoria Clarke, Nikki Hayfield, Louise Davey, and Elizabeth Jenkinson. 2023. Doing reflexive thematic analysis. In Supporting

research in counselling and psychotherapy: Qualitative, quantitative, and mixed methods research. Springer, 19-38.

[6] Virginia Braun, Victoria Clarke, Nikki Hayfield, and Gareth Terry. 2019. Thematic Analysis. In Handbook of Research Methods in Health Social
Sciences, Pranee Liamputtong (Ed.). Springer, Singapore, 843-860.

[7] Emeline Brulé and Samantha Finnigan. 2020. Thematic Analysis in HCL. https://sociodesign.hypotheses.org/555 Accessed: 06-01-2025.

[8] Leah Buechley, Mike Eisenberg, Jaime Catchen, and Ali Crockett. 2008. The LilyPad Arduino: using computational textiles to investigate engagement,
aesthetics, and diversity in computer science education. In Proceedings of the SIGCHI conference on Human factors in computing systems. 423—-432.

[9] Leah Buechley, Mike Eisenberg, and Nwanua Elumeze. 2007. Towards a curriculum for electronic textiles in the high school classroom. In Proceedings

of the 12th annual SIGCSE conference on Innovation and technology in computer science education. 28-32.

Leah Buechley, Kylie Peppler, Michael Eisenberg, and Kafai Yasmin. 2013. Textile Messages: Dispatches from the World of E-Textiles and Education.

Vol. 62. ERIC.

=
2

Manuscript submitted to ACM


https://sociodesign.hypotheses.org/555

E-Textiles in Secondary Computing Education 17

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Anne-Marie Cederqvist. 2022. An exploratory study of technological knowledge when pupils are designing a programmed technological solution
using BBC Micro: bit. International Journal of Technology and Design Education 32, 1 (2022), 355-381.

Katharine Childs. 2020. Mapping the use of physical computing at Key Stage 2 (ages 7 — 11) in England. https://www.raspberrypi.org/app/uploads/
2020/04/Mapping-the-use-of-physical-computing-at-Key-Stage-2-in-England.pdf

Janet Coulter. 2023. E-Textiles as a medium to challenge students’ gender perceptions around STEM and Design subjects in the secondary education
curriculum and their aspirations for future career choices. Journal of Textile Design Research and Practice (2023), 1-26.

Bruno Henrique De Paula, José Armando Valente, and Andrew Burn. 2014. Game-Making as a means to deliver the new computing curriculum in
England. Curriculo sem Fronteiras (2014).

Department for Education. 2013. The National curriculum in England: computing programmes of study. https://www.gov.uk/government/
publications/national-curriculum-in-england-computing- programmes- of- study/national- curriculum-in-england- computing- programmes- of-
study#key-stage-3

Katrina Falkner, Sue Sentance, Rebecca Vivian, Sarah Barksdale, Leonard Busuttil, Elizabeth Cole, Christine Liebe, Francesco Maiorana, Monica M
McGill, and Keith Quille. 2019. An international comparison of K-12 computer science education intended and enacted curricula. In Proceedings of
the 19th Koli calling international conference on computing education research. 1-10.

Yifan Feng, Shengyuehui Li, Hanlin Zhang, Weihong Tang, Josephine E McCaffrey, Bea S Wohl, and Jennifer A Rode. 2025. SewSimple: An E-textile
Prototyping Kit for Computational Making with BBC micro: bit. In Proceedings of the Extended Abstracts of the CHI Conference on Human Factors in
Computing Systems. 1-9.

[18] James Fey, Ella Dagan, Elena Marquez Segura, and Katherine Isbister. 2022. Anywear Academy: A larp-based camp to inspire computational interest

[19]

[20]

[21
[22]

[23]

[24]

[25]
[26]

[27

[28]

[29]

[30

(31]

[32

(33]

[34]

[35]

[36]

in middle school girls. In Proceedings of the 2022 ACM Designing Interactive Systems Conference. 1192-1208.

Deborah A Fields and Yasmin B Kafai. 2023. Supporting and sustaining equitable STEAM activities in high school classrooms: understanding
computer science teachers’ needs and practices when implementing an e-textiles curriculum to forge connections across communities. Sustainability
15, 11 (2023), 8468.

Deborah A Fields, Yasmin B Kafai, Tomoko Nakajima, and Joanna Goode. 2017. Teaching practices for making e-textiles in high school computing
classrooms. In Proceedings of the 7th Annual Conference on Creativity and Fabrication in Education. 1-8.

Bill Gaver, Tony Dunne, and Elena Pacenti. 1999. Design: cultural probes. interactions 6, 1 (1999), 21-29.

Mareen Grillenberger. 2023. Why and how to teach physical computing: Research and practice in computer science education at secondary schools.
In Teaching Coding in K-12 Schools: Research and Application. Springer, 225-243.

Paola Guimerans-Sanchez, Almudena Alonso-Ferreiro, Maria-Ainoa Zabalza-Cerdeirifia, and Inés Maria Monreal-Guerrero. 2024. E-textiles for
STEAM education in primary and middle school: a systematic review. RIED-Revista Iberoamericana de Educacion a Distancia 27, 1 (2024).

Steve Hodges, Sue Sentance, Joe Finney, and Thomas Ball. 2020. Physical computing: A key element of modern computer science education.
Computer 53, 4 (2020), 20-30.

Tommy Igoe and Dan O’Sullivan. 2004. Physical computing. Course Technology, Incorporated.

Andri Ioannou, Ourania Miliou, Yiannis Georgiou, Stella Timotheou, Louise Barkhuus, and Jennifer A Rode. 2025. Learning design for short-duration
e-textile workshops: outcomes on knowledge and skills. Educational technology research and development 73, 1 (2025), 443-463.

Yasmin B Kafai, Deborah A Fields, Debora A Lui, Justice T Walker, Mia S Shaw, Gayithri Jayathirtha, Tomoko M Nakajima, Joanna Goode, and
Michael T Giang. 2019. Stitching the loop with electronic textiles: Promoting equity in high school students’ competencies and perceptions of
computer science. In Proceedings of the 50th ACM technical symposium on computer science education. 1176-1182.

Yasmin B Kafai, Deborah A Fields, and Kristin Searle. 2014. Electronic textiles as disruptive designs: Supporting and challenging maker activities in
schools. Harvard Educational Review 84, 4 (2014), 532-556.

Yasmin B Kafai, Eunkyoung Lee, Kristin Searle, Deborah Fields, Eliot Kaplan, and Debora Lui. 2014. A crafts-oriented approach to computing in
high school: Introducing computational concepts, practices, and perspectives with electronic textiles. ACM Transactions on Computing Education
(TOCE) 14, 1 (2014), 1-20.

Maria Kallia and Sue Sentance. 2018. Are boys more confident than girls? the role of calibration and students’ self-efficacy in programming tasks
and computer science. In Proceedings of the 13th workshop in primary and secondary computing education. 1-4.

Nika Kvagsayova, Martin Capay, Stefan Petrik, Magdaléna Bellayové, and Eva Klimekova. 2022. Experience with using bbc micro: Bit and perceived
professional efficacy of informatics teachers. Electronics 11, 23 (2022), 3963.

Breanne K Litts, Yasmin B Kafai, Debora A Lui, Justice T Walker, and Sari A Widman. 2017. Stitching codeable circuits: High school students’
learning about circuitry and coding with electronic textiles. Journal of Science Education and Technology 26, 5 (2017), 494-507.

Line Have Musaeus, Marianne Graves Petersen, and Clemens Nylandsted Klokmose. 2024. Bringing teachers and researchers together through
participatory design and cooperative prototyping in computing education. In Proceedings of the 55th ACM Technical Symposium on Computer Science
Education V. 1. 902-908.

Tomoko M Nakajima and Joanna Goode. 2019. Teachers’ approaches to mak (e) ing computing culturally responsive: Electronic-textiles in exploring
computer science classes. In 2019 research on equity and sustained participation in engineering, computing, and technology (RESPECT). IEEE, 1-8.
Tomoko M Nakajima and Joanna Goode. 2020. Lighting up learning: Teachers’ pedagogical approaches for mak (e) ing computing culturally
responsive in electronic-textiles classrooms. Computing in Science & Engineering 22, 5 (2020), 41-50.

National Centre for Computing Education. n.a.. Helping you teach computing. https://teachcomputing.org/
Manuscript submitted to ACM


https://www.raspberrypi.org/app/uploads/2020/04/Mapping-the-use-of-physical-computing-at-Key-Stage-2-in-England.pdf
https://www.raspberrypi.org/app/uploads/2020/04/Mapping-the-use-of-physical-computing-at-Key-Stage-2-in-England.pdf
https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study/national-curriculum-in-england-computing-programmes-of-study#key-stage-3
https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study/national-curriculum-in-england-computing-programmes-of-study#key-stage-3
https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study/national-curriculum-in-england-computing-programmes-of-study#key-stage-3
https://teachcomputing.org/

18

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Feng et al.

National Education Union. 2025. Schools to face a £630 million cut in funding next year. https://neu.org.uk/press-releases/schools-face-ps630-
million-cut-funding-next-year

Geoff Norton, Mathew Taylor, Terry Stewart, Greg Blackburn, Audrey Jinks, Bahareh Razdar, Paul Holmes, and Enrique Marastoni. 2012. Designing,
developing and implementing a software tool for scenario based learning. Australasian Journal of Educational Technology 28, 7 (2012).

Kier Palin, Joe Finney, Steve Hodges, and Thomas Ball. 2024. MicroData: live visualisation & recording of micro: bit sensor data. In Proceedings of the
19th WiPSCE Conference on Primary and Secondary Computing Education Research. 1-2.

Estelle Perry, Charlotte Baraudon, and Stéphanie Fleck. 2018. Designing HCI for education: cultural probes interest to better know the teacher-user.
In Proceedings of the 30th Conference on l'Interaction Homme-Machine. 186-194.

Mareen Przybylla. 2018. From Embedded Systems to Physical Computing: Challenges of the “Digital World™ in Secondary Computer Science Education.
PhD thesis. University of Potsdam, Potsdam, Germany. https://publishup.uni-potsdam.de/frontdoor/index/index/docld/41833

Mareen Przybylla and Ralf Romeike. 2017. The nature of physical computing in schools: Findings from three years of practical experience. In
Proceedings of the 17th Koli calling international conference on computing education research. 98-107.

Mareen Przybylla and Ralf Romeike. 2017. Social demands in ubiquitous computing: contexts for tomorrow’s learning. In IFIP World Conference on
Computers in Education. Springer, 453-462.

[44] Jennifer A Rode, Louise Barkhuus, and Andri Ioannou. 2024. Exploring Gender, Computational Making and E-Textiles using the BBC micro: bit. In

Extended Abstracts of the CHI Conference on Human Factors in Computing Systems. 1-9.

[45] Jennifer A Rode, Yifan Feng, Annapoorni Chandrashekar, Sonia Andreou, and Andri Ioannou. 2024. Spools and Sparks: The Role of Materiality in

Computational Making with E-textiles and BBC Micro: bit. In Proceedings of the Halfway to the Future Symposium. 1-11.

[46] Jennifer A Rode, Phoebe O Toups Dugas, and Andruid Kerne. 2025. Reframing Diversity in Computing on the Basis of Genders. Computer Supported

Cooperative Work (CSCW) (2025), 1-49.

[47] Jennifer A Rode, Anne Weibert, Andrea Marshall, Konstantin Aal, Thomas Von Rekowski, Houda Elmimouni, and Jennifer Booker. 2015. From

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]
[57

[58

[59

[60

[61]

[62]

computational thinking to computational making. In Proceedings of the 2015 ACM International Joint Conference on Pervasive and Ubiquitous
Computing. 239-250.

Yvonne Rogers, Venus Shum, Nic Marquardt, Susan Lechelt, Rose Johnson, Howard Baker, and Matt Davies. 2017. From the BBC micro to micro: bit
and beyond: a British innovation. interactions 24, 2 (2017), 74-77.

Albrecht Schmidt. 2016. Increasing Computer Literacy with the BBC micro:bit. IEEE Pervasive Computing 15 (04 2016), 5-7. https://doi.org/10.1109/
MPRV.2016.23

Kimberly A Scott, Kimberly M Sheridan, and Kevin Clark. 2015. Culturally responsive computing: A theory revisited. Learning, media and technology
40, 4 (2015), 412-436.

Sue Sentance and Andrew Csizmadia. 2017. Computing in the curriculum: Challenges and strategies from a teacher’s perspective. Education and
information technologies 22, 2 (2017), 469-495.

Sue Sentance, Jane Waite, Steve Hodges, Emily MacLeod, and Lucy Yeomans. 2017. “Creating Cool Stuff” Pupils’ Experience of the BBC micro: bit.
In Proceedings of the 2017 ACM SIGCSE Technical Symposium on Computer Science Education. 531-536.

Sue Sentance, Jane Waite, Lucy Yeomans, and Emily MacLeod. 2017. Teaching with physical computing devices: the BBC micro: bit initiative. In
Proceedings of the 12th Workshop on Primary and Secondary Computing Education. 87-96.

Mia S Shaw, Deborah A Fields, and Yasmin B Kafai. 2020. Leveraging local resources and contexts for inclusive computer science classrooms:
Reflections from experienced high school teachers implementing electronic textiles. Computer Science Education 30, 3 (2020), 313-336.

Kristian T Simsarian. 2003. Take it to the next stage: the roles of role playing in the design process. In CHI'03 extended abstracts on Human factors in
computing systems. 1012-1013.

The Royal Society. 2017. After the reboot. https://royalsociety.org/news-resources/projects/computing-education/

Markus Tyrén, Niklas Carlborg, Carl Heath, and Eva Eriksson. 2018. Considerations and technical pitfalls for teaching computational thinking with
BBC micro: bit. In Proceedings of the Conference on Creativity and.

Eirini Tzagkaraki, Michail Kalogiannakis, and Stamatios Papadakis. 2023. Development and Implementation of A Robotic Activity Through Bbc
Micro: Bit for Teaching Electricity to 5th Graders. In Proceedings Book Series-I. 238.

Lorraine Underwood, Thomas Ball, Steve Hodges, Elisa Rubegni, Peli de Halleux, and Joe Finney. 2024. MicroCode: live, portable programming for
children via robotics. In Adjunct Proceedings of the 37th Annual ACM Symposium on User Interface Software and Technology. 1-3.

Lorraine Underwood, Elizabeth Edwards, Elisa Rubegni, Steve Hodges, John Vidler, and Joe Finney. 2025. Toolkit for Educators of Data Science:
Using Physical Computing to Support Data Science Education in the Classroom. In Proceedings of the 56th ACM Technical Symposium on Computer
Science Education V. 1. 1141-1147.

Lorraine Underwood, Joe Finney, Elisa Rubegni, and Steve Hodges. 2024. Tangible tools for data science education. In Proceedings of the 19th WiPSCE
Conference on Primary and Secondary Computing Education Research. 1-2.

Maja Videnovik, Eftim Zdravevski, Petre Lameski, and Vladimir Trajkovik. 2018. The BBC micro: bit in the international classroom: learning
experiences and first impressions. In 2018 17th International Conference on Information Technology Based Higher Education and Training (ITHET).
IEEE, 1-5.

[63] Judy Wajcman. 1994. Technology as masculine culture. The polity reader in Gender studies (1994), 216-25.

Manuscript submitted to ACM


https://neu.org.uk/press-releases/schools-face-ps630-million-cut-funding-next-year
https://neu.org.uk/press-releases/schools-face-ps630-million-cut-funding-next-year
https://publishup.uni-potsdam.de/frontdoor/index/index/docId/41833
https://doi.org/10.1109/MPRV.2016.23
https://doi.org/10.1109/MPRV.2016.23
https://royalsociety.org/news-resources/projects/computing-education/

E-Textiles in Secondary Computing Education 19

[64] Anne Weibert, Andrea Marshall, Konstantin Aal, Kai Schubert, and Jennifer A Rode. 2014. Sewing interest in E-textiles: analyzing making from a
gendered perspective. In Proceedings of the 2014 conference on Designing interactive systems. 15-24.

[65] Bea S Wohl. 2025. Learning to Compute: An Overview of Computing Education in England from 1970 to 2014. International Journal of Computer
Science Education in Schools (2025).

[66] Bea S Wohl, Sophie Beck, and Lynne Blair. 2017. The Future of the Computing Curriculum: How the Computing Curriculum Instills Values and
Subjectivity in Young People. International Journal of Computer Science Education in Schools 1, 1 (2017).

[67] Athanasios Zitouniatis, Fotis Lazarinis, and Dimitris Kanellopoulos. 2023. Teaching computational thinking using scenario-based learning tools.
Education and Information Technologies 28, 4 (2023), 4017-4040.

Manuscript submitted to ACM



20 Feng et al.

A PROCESS OF DESIGN WORKSHOPS

Fig. 3. In Workshop 1, teachers tested “SewSimple” and BBC micro:bit and discussed its integration into computing education
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