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ABSTRACT

In this paper we present the “SewSimple”, an E-textile prototyp-
ing kit designed to support computational making with the BBC
micro:bit, and discuss findings from a preliminary mixed-method
evaluation involving twelve schoolchildren aged 9-11 at a local fee-
paying primary school. Our research indicates that the “SewSimple”
design effectively improves the construction of stable circuitry
in E-textile projects compared to using the BBC micro:bit alone.
Through qualitative analysis of interviews, photos, and video clips,
we propose design recommendations that include hardware im-
provements such as repositioning grommets (plated-through-holes),
customizing covers, and improving labeling. Additionally, we sug-
gest enhancements in instructional design targeting crafting skills
and conductivity knowledge, aimed at collectively enhancing user
experience.
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1 INTRODUCTION

Computational making [41] highlights the importance of making
skills to complement computational thinking. E-textiles, in par-
ticular, have been shown to encourage children of all genders to
develop an interest in Science, Technology, Engineering, Maths
(STEM) [9, 46]. Previously, Rode et al. [38] argue that approximately
£75 million have been spent on deploying the BBC micro:bit and
“we have yet to find a single study that looked at the gender equity
of the micro:bit as part of its development process...Given the impor-
tance of gender equity in STEM, this is a shocking oversight.” Rode
and colleagues further argue that the BBC micro:bit is ill-suited
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for e-textiles due to the di culty of securingconductive thread to

it (as discussed in more detail below), and they recommend the
development of a sewable edge connector to alleviate this problem
citing its importance for ensuring the BBC micro:bit's diverse use
and promotes gender equity. To date over 10 million BBC micro:bits
have been distributed and many of which have been given to low-
income children or schools worldwide3p). It is also the dominant
computing teaching tool in the UK as one micro:bit was given for
free to schools that opted into the progran3]]. Thus, this is a
signi cant sunk cost, and even if the BBC micro:bit is not the best
e-textile platform out there, its integration into educational pro-
grams worldwide means that there is a need to better support its
use for e-textiles to support gender equity. Thus, in this paper, we
take up this challenge and introduce the SewSimple e-textile pro-

Feng et al.

despite these being previously identi ed as a key challenge for
children's computational making41]. It is important to note that
children's nal e-textile projects presented in this paper appeared
well-constructed with tidier stitches than the last author observed
from previous e-textile workshops (e.g. [19, 38, 39]).

Rode et al[38] detailed numerous challenges children faced
when constructing stable e-textile circuits with the BBC micro:bit.
In addition to a host of other issues with children failing to under-
stand conductivity, programming, or electronics, they speci cally
noted that children struggled to connect to the traces on the bottom
of the BBC micro:bit. Rode and her colleagues identi ed three major
problems in relation to hardware design and making skills. First,
the board was not securely attached to the garment when children
started sewing. Secondly, children had di culty creating a solid

totyping kit designed to address these challenges and enhance the electrical connection with the alligator clips, resulting in ickering

BBC micro:bit's potential to broaden gender participation in STEM.
This late-breaking work's contribution includes our early-stage
prototype of SewSimple sewable edge connector, along with a
preliminary mixed-method user study that provides suggestions for
its re nement and usage. Our study demonstrates that the SewSim-
ple kit facilitates computational making of creative and functional
e-textile artifacts in a wearable format, e ectively addressing the
di culty of creating stable circuits highlighted in prior work.

2 RELATED WORK

Existing HCI research has explored technologies to teach computa-
tional thinking [47] and making 1] to young people (e.g16 28 29
48), increasingly with a focus on e-textile®[17, 23 24, 41,43 4§.

In her seminal publication on the LilyPad Arduino, Buechley et al
[9] argued that the e-textiles domain speci cally holds more poten-
tial for encouraging individuals from underrepresented genders to
pursue STEM. E-textiles are commonly used to teach computing
and creative design skills, requiring one's incorporating digital and
electronic features into fabric-based creatior&f and have gained
particular prominence in computational making. While numerous
e-textile platforms and construction kits exisBf], the LilyPad Ar-
duino remains the most well-known. Its circular shape, compared to
the square shape of the BBC micro:bit, allows for easy stabilization
on fabric. Posch et a[34]s review highlights that this becomes

a common design feature for e-textile tools and other commercial
products such as Adafruit Gemma][and Flora P] have adopted

it for industry design. Likewise, this design decision inspired our
SewSimple creation.

Sharing similar educational goals as the LilyPad Arduino, the
BBC micro:bit, a pocket-sized programmable microcomputer in-
tended to teach electronics, computational making, and program-
ming to schoolchildren, was launched in 2016 with signi cant sup-
port from the British government with a particular focus on girls
and those from disadvantaged grou®€]. However, it has been cri-
tiqued for insu ciently studying gender equity in its development
and deployment 3§. While the latest BBC micro:bit research has
particularly emphasized designing compatible systems to support
its making ecosystems3[ 18, little prior work investigates its use
as an e-textile platform7, 19 27, 38 39. Both Klimova[27] and
Fey et al [17] explore children's creation of wearables using the
BBC micro:bit but include no discussion of construction challenges,

sewable LEDs; occasionally, the alligator clips rotated and short-
circuited the board. Third, to circumvent the use of alligator clips,
children sometimes would sew the board directly to the garment to
avoid the trouble using alligator clips but consequently would have
to destroy their e-textile projects to reuse the board. To support easy
construction experiences, prior work has designed construction kits
using copper and stickers3h, 36 and snaps embedded in pre-cut
fabric pieces 10, 21, 33. However, these approaches do not directly
address issues caused by the design of the BBC micro:bit. Recent
work by Rode et al[38] proposed a sewable edge connector that
features soft clips and two additional sewing pins, which allows
children to rst experiment with sewing and then easily attach and
remove the BBC micro:bit from fabrics. However, their proposed
edge connector was rigid and less suitable for e-textiles as it failed
to conform to the shape of the textile or the body. There has been
considerable research into using soft printed circuit board (PCB)
for e-textiles B, 9, 20, 22 50, 51 which highlight their material
advantages that can adapt to the body and the garment for textile
applications. While several edge connectors created for the BBC mi-
cro:bit are conceivably sewable, our expert review of them showed
that they did not truly a ord solid connections and utilized rigid
PCBs P5 26. Identifying this gap in the research, our project aims
to develop a exible PCB edge connector that facilitates the BBC
micro:bit's use in e-textile design and computational making.

3 METHOD
3.1 SewSimple E-textile Prototyping Kit

The project's main design goals were to address aforementioned
construction issues related to attaching the BBC micro:bit to e-
textiles [3§. We developed a research prototype called SewSimple
which is made using soft PCB design, measuring 80mm by 80mm
with a thickness of less than 1mm. With its exibility and improved
sewability, our design serves as an edge connector that enhances
the utility and usability of BBC micro:bit in e-textile design and
hopes to support more exible and creative applications particu-
larly in wearable fashion. Our e-textile prototyping kit (see Figure
1) includes one SewSimple soft PCB, one BBC micro:bit, one com-
patible battery holder, two AA batteries, one USB cable, a pack of
sewing needles, a spool of conducive thread, a pack of sewable
LEDs, alligator clips for rapid circuit building and testing, and ve
compatible plastic screws to mount the micro:bit to the board. We
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also provided print-outs of instructions that include various sewing
and debugging techniques, along with information on building se-
rial and parallel circuits and example codes for sewable LEDs as
supplementary materials for new users.

Figure 1: Hardware and tools included in the SewSimple
kit.

3.2 Participants & Recruitment

We recruited an entire class of 12 children aged 9-11 through a
research collaboration with a local fee-paying primary school in
London, UK (see Appendix 8.1 for detailed participant information).
Informed by best practices for recording gender information in
HCI [44 and its application to recent child researc (), we asked
our participants to self-describe their gender and provided three
options:boy, girl, andprefer not to sayOur study involved ve
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her classmates. The student's interests were provided to inspire
design including favorite subject, animal, sport, game, etc. Selected
workshop materials are presented in Appendix 8.2.

3.4 Data Collection & Analysis

The school teacher and the last author led the workshop instruction,
with the other ve researchers helping children and facilitating data
collection including 1) photos of interim and nal projects, circuit
diagrams and screenshots of the nal code, 2) video recordings, and
3) six fteen-minute semi-structured interviews in pairs. During
the three workshops, we collected 5 hours of video from the main-
making phase (and we did not record time spent on instruction
or decorative stitching). Our interview approach was selected to
encourage(s) interaction between the group members rather than just
responding to the adult's questiofi$5 p. 433]. For our analysis, we
employed re exive thematic analysis (RTA4[7] for inductive cod-

ing for the interviews. Concurrently, the last author applied Critical
Incident Analysis (CIA) 13 to analyze technical and non-technical
issues around SewSimple usage from video clips and photos. We
also deployed a post-workshop questionnaire using the Smileyome-
ter 5 Point Likert Scale37] to collect opinions on our early-stage
prototype and general workshop experiences and performed de-
scriptive and inferential statistical analysis such as Mann-Whitney
U test. Results with p-values below the predetermined threshold
(p< .05) were considered signi cant in our work. However, consid-
ering the limitations of our sample size, our discussions primarily
emphasized qualitative ndings.

4 PRELIMINARY RESULTS

Overall all six groups successfully created an interactive garment
using the SewSimple prototyping kit and incorporated it into

a t-shirt with decorative designs (see Figure 3). They utilized the
buttons on the BBC micro:bit to activate the onboard LED display

girls, seven boys, and zero prefer not to say . We received ethical and 2-3 external sewable LEDs. Group 1 initially intended to trigger
approval from the universities' ethics committees (#REC2071 & the external LEDs through conductive fabric and had a working
#CCI_CRESC_PhD_3) and obtained guardians' informed consentprototype using alligator clips. However, they aborted this idea
They were also invited to observe the second workshop as part when they neglected to consult their circuit diagram while stitch-

of the school's open-day program. Additionally, we obtained the
children's assent before the rst workshop.

3.3 Procedure

Our study comprised three short workshops held at the school. Prior
to the rst session, children had had a one-hour lesson on BBC
micro:bit programming and had assembled a simple e-textile with a
soft switch lighting up an LED during their regular computing class.
During the workshops, children worked in mixed-ability group
pairs and further developed skills necessary for crafting e-textiles
and programming the BBC micro:bits and additional electronics
(e.g. sewable LEDs) and learned how to use our SewSimple kit
(we utilized the BBC micro:bit V2 as they are already available
and used for teaching at the school). Our instructional materials
were co-designed with the school's computing & maths teacher to
ensure age-appropriateness and curriculum relevance. Informed by
scenario-based desigd], children were given a design brief to
create a smart t-shirt using the SewSimple prototyping kit with a
scenario that was meant to help a new student Ming connect with

ing. Groups 1, 2, 3 & 5 connected all their sewable LEDs securely so
they stayed lit solidly. Group 4 connected two LEDs as per their cir-
cuit diagram, but one of them performed intermittently due to poor
stitching. Group 6 required our research team's help to iron on insu-
lating patches, but ultimately was able to create stable connections
to all of their sewable LEDs. In comparison with our previous com-
putational making workshops with children, we observed markedly
fewer bad traces sewn between the LEDs and the micro:bit; and
using our SewSimple kit caused fewer ickering LEDs than using
the micro:bit alone.

4.1 Qualitative Findings

4.1.1 Materiality of SewSimpleChildren had di erent opinions
about the material characteristics of SewSimple . Some children
(P4, P5 & P7) found the board's pliability made it easier for them to
sew it onto textiles: It's really, like soft. So it could, like, be easier to
sew in micro:bits like or anything into, like cloth@s7). P4 reported
that the circular shape allowed them to more securely attach the
board to fabric: It's fabric. It's [a] good thing so it can hold it into
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