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Figure 1: Participants’ e-textile prototypes that we co-designed during the remote workshop. The prompt was open ended after 
teaching them about e-textiles. The prototypes included a Snap-a-zoo fold up animal (P1), Easter bunny (P2), interactive toy for 
children with developmental disabilities (P3), Magic Question Answering Hat (P4), pre-printed video game panel (P5), and 
memorial from a friend’s 21 gun salute (P6). 

ABSTRACT 
Researchers support race, gender, and age diverse groups of peo-
ple to create with maker electronics. These groups include older 
adults, who are often overlooked as not interested or capable of 
learning new technologies due to ageist stereotypes. One approach, 
often involving e-textiles, leverages crafting as a bridge to broaden 
participation in making. We investigated ways to broaden participa-
tion in maker electronics for older adults by remotely co-designing 
e-textile projects with 6 older adult crafters over the course of 5 
workshop sessions for a total of 45 hours. We developed a deeper 
understanding of their practices, identifying a Planner-Improviser 
Spectrum for how they approached their craft, and created medium 
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fdelity prototypes. Our design implications draw on our partici-
pants’ crafting experience and their experience in the workshop 
to highlight what e-textile toolkit designers can learn from skilled 
older adult crafters, such as selecting familiar materials, supporting 
aesthetic goals, and making electronics more attainable. 
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1 INTRODUCTION 
Bridging electronic making with crafting1 has been a key strategy 
to broaden participation in making. E-textiles and crafting both 
use hands-on techniques and creativity to create physical objects. 
Researchers have built upon these similarities by designing craft-
focused toolkits [7, 26, 52], allowing people to use craft skills to 
create electrifed projects. LilyPad Arduino and Chibitronics, two 
commercial electronic toolkits, have shown how their tools are 
reaching more gender diverse audiences through crafting com-
pared to craft-less tools [8, 51]. Researchers have suggested that 
integrating crafting into making may also be a pathway to engaging 
older adults [26, 39]. 

Researchers have examined ways to engage older adults in maker 
electronics [1, 55], including through crafting [26]. This work has 
generated a better understanding of how older adults create and 
engage with makerspaces embedded in their communities [10, 39] 
and how older adults can take part in the design of future technolo-
gies, for themselves [1] and the broader population [55]. We also 
can draw on older adults’ skills to engage them more broadly in 
taking an active role in creating with electronics. 

The contributions that craft and crafters can bring to HCI have 
been recognized in a range of research projects. This includes enrich-
ing design practice through studying craft thinking [35], specifc 
processes such as bookbinding [56], or purposes such as crafting for 
major life events [42] or creating a non-judgmental space for mental 
health and wellbeing [18]. Craft-focused researchers have explored 
how craft can bring forth complexities through beauty [61], or help 
explain how craft is intertwined with problem solving [41] and 
authenticity [35]. Craftspeople can also ofer expert perspectives 
during the process of designing technologies, particularly at early 
stages [13]. In this paper, we turn to older adults with decades of 
crafting experience to provide insights for toolkit designers as they 
work to continue to broaden participation in electronic making. 
Understanding how these individuals approach e-textile projects 
can inform the design of toolkits that support novice older adults 
to create with these tools. 

We remotely co-designed craft-based e-textile projects that in-
tegrate maker electronics with 6 older adult crafters through indi-
vidual workshops with each participant for a total of 44.7 hours of 
sessions. We brought our expertise in maker electronics, especially 
e-textiles, while participants brought their complementary exper-
tise in fabric-based crafting. We analyzed participants’ interactions 
during the workshop and the resulting co-designed projects. This 
analysis helped us understand older adult crafters’ practices and 
how they create e-textile projects. 

This paper makes the following contributions: (1) a range of 
medium fdelity prototypes from a co-design process with older 
adult crafters and researchers, (2) an understanding of how partici-
pants approach e-textile projects, including an empirically-based 
framework for a Planner-Improviser Spectrum, and (3) design impli-
cations for toolkit designers based on our experiences co-designing 
with older adult crafters. 

1Craft can have many meanings that has changed over time [33]. By crafting, we often 
refer to the traditional art of creating something by hand with tangible materials. We 
want to avoid disregarding it as low-tech and rudimentary and without precision as it 
can be stereotyped by some technology practitioners. 

2 RELATED WORK 
This work is situated within e-textile, crafting, and older adult 
literature. We frst outline how e-textile researchers have used 
crafting techniques to expand who can create and what can be 
made. We also highlight how electronic making researchers have 
worked with expert crafters, and the benefts of doing so. Lastly, 
we describe electronic making research with older adults, pointing 
out how we plan to build on this prior work. 

2.1 Connecting E-Textiles and Maker 
Electronics to Crafting 

Researchers explored using crafting techniques with e-textiles to 
grow the possibilities of what people can make. Crafting tech-
niques from knitting [11, 43], sewing [6, 7], embroidery [20, 21, 48], 
weaving [14, 15, 17, 46], batik fabric dyeing [24], and beading [27] 
provided the e-textile community unique ways to facilitate creating 
with maker electronics. For example, Lee et al. [29] took inspiration 
from custom rug making by using a punch needle as a rapid pro-
totyping tool. A punch needle pushes conductive thread through 
fabric, leaving a loop of thread on the opposite side without knot-
ting it, allowing people to pull the thread back out to undo their 
stitches. Similarly, researchers integrated embroidery techniques 
with e-textiles to create soft speakers [48], a smart sock for reha-
bilitation [20], and a computer vision based system for sketching 
and embroidering a circuit [21]. In our work, we sought to learn 
from the fabric crafting techniques of expert crafters to develop 
new insights for e-textile researchers. 

E-textile toolkits have been a common method for supporting 
people to create with maker electronics, often by connecting e-
textiles and crafting [50]. Toolkits have an advantage of being 
adaptable to a particular group, such as focusing on supporting 
children with no technical experience [30, 31] by limiting what 
can be connected and how. For example, MakerWear [31] used 
custom components built into hexagonal shapes that attached to 
a powered hub, which was then attached to fabric. By connecting 
toolkits with crafting, some toolkits focus on supporting a broad 
range of skill levels to create. For example, commercial toolkits, 
such as LilyPad Arduino [7] and Adafruit’s FLORA2, are designed 
to support multiple skills levels while encouraging people to use 
their sewing skills to create. There are also toolkits that focus more 
heavily on creating with and connecting to craft by more seamlessly 
integrating them in, allowing for more open-ended creativity [44, 
49]. We build on these custom toolkits in this work by co-designing 
projects with older adult crafters to support them integrating their 
expertise into toolkit designs. 

Researchers connected crafting skills with e-textiles to diversify 
who is able to create with maker electronics [9, 50, 57, 58]. By di-
versity, a broad term, we refer to researchers’ goals to specifcally 
increase gender and race diversity among participants. Sewing is a 
common skill required for e-textile projects and has the added ben-
eft of leveling the playing feld across genders because sewing fo-
cused projects disguise the male-dominated technology [63]. Com-
mercial toolkits encourage people to sew conductive thread to form 
electrical connections between components. Buechley et al. [8] 

2https://www.adafruit.com/category/92 
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showed how this blending of skills supported diverse groups to 
build with LilyPad Arduino. Rode et al. [54] used LilyPad to show 
how it can support computational thinking using crafting skills, 
which they broadly called computational making. Researchers used 
quilting projects to connect with youth of color and better under-
stand their needs around learning computer science [57]. We build 
on this work to support older adults, another diverse group, to 
electronically make through crafting. 

Crafting experts have shared their expertise with maker elec-
tronics researchers, expanding both the experts’ skills as well as the 
possibilities of what people can create. Researchers have worked 
alongside various experts in sewing [28], ceramics [65], silver-
smithing [60], and weaving [13] to learn from these experts and 
help them integrate maker electronics into their crafts. This has 
even included working with quilters to better understand how to 
connect computer science education and quilting through overlap-
ping analogies [47]. Working with craftspeople, especially early 
in the process, can lead to innovations while centering them as 
expert collaborators [13]. We follow in this vein by working with 
expert older adult fabric-based crafters to see how their expertise 
can beneft the design of e-textiles. 

2.2 Older Adults and Electronic Making 
Researchers recently studied older adult-specifc makerspaces, which 
have been growing in popularity as a way to engage a new genera-
tion of people in making. Researchers highlighted the importance 
of ofering both high-tech (e.g., 3D printing, embroidery machines) 
and low-tech (e.g., sewing, button making) tools to appeal to older 
adults with diferent technical skill levels [10, 39]. Carucci et al. [10] 
ran a makerspace in a long-term care facility, flling it with both 
high-tech and low-tech tools, which improved residents’ agency 
and helped them feel empowered to solve everyday problems. Lazar 
et al. [39] studied members of an independent living community 
collaborating on the formation of an older adult makerspace, fnd-
ing the inclusion of high and low-tech tools gave residents diferent 
entry points to making. We look to build on this work by bridging 
"low-tech" making with "high-tech" making through the combina-
tion of crafting and electronic making. 

Electronic toolkits are one way researchers involved older adults 
in the technology design process, often through participatory de-
sign and co-design. As we previously highlighted, electronic toolk-
its have an advantage of being adaptable to a particular group of 
people. Researchers used both commercial [55] and custom [1, 26] 
toolkits with older adults to engage them in the design process. 
Rogers et al. [55] used the commercial MaKey MaKey toolkit in 
a participatory design workshop to investigate older adults ideas 
for future technology. The IoT Un-kit [1] was an electronic toolkit 
designed for older adults to engage with designing new internet 
of things technologies in the home, but the research team handled 
setting up the technology for participants. Craftec [26] specifcally 
designed a craft-based toolkit for older adults to create with elec-
tronics, but accounted for both toolkits for hard and soft mediums. 
We build on this work by helping older adult crafters to create with 
unmodifed electronic components, informing how toolkits could 
be better designed to support novices. 

3 METHODS 
We remotely co-designed a craft project that integrates maker elec-
tronics with 6 older adult crafters. Through co-design, we worked 
with individual older adult crafters in an equal partnership where 
we blended their crafting expertise with our maker electronics ex-
pertise. The hands-on project ofered them a chance to test out 
electronics in a project of their choice, allowing them to experiment 
with new skills and give feedback on how to improve electronic 
making. 

We conducted the individual co-design workshop remotely over 
the course of one 30 minute setup session and four 100 minute 
design sessions for a total of 45 hours3. Conducting it remotely 
was a necessity of the COVID-19 pandemic, since we conducted it 
over February and March 2021 prior to vaccinations being widely 
available. We delivered equipment and supplies to participants 
before starting sessions with participants to ensure we both had 
equal access to the same materials. This study was approved by 
Indiana University’s Institutional Review Board (IRB). 

3.1 Participants 
We recruited 6 older adult crafters for the co-design workshop 
(Table 1). Older adult crafter participants were over 65 years old, 
had an internet connection, and owned a device for Zoom calls to 
participate. For this study, we recruited crafters that created with 
fber-based materials, such as fabric, thread, and yarn, to align more 
closely with e-textile projects. Participants were recruited primarily 
from a non-proft local organization of about 200 quilters who meet 
monthly. We gave a short presentation to the guild and posted 
on their Facebook group page, which included both members and 
non-members. Final selections of eligible participants were based 
on (1) living within a reasonable drive of the frst author to simplify 
delivering supplies and (2) selecting for participants who would add 
to the diversity of both craft and years of experience. Participants 
were all white, non-Hispanic and identifed as women. Each was 
compensated with $10 for the setup session and $25 per full session, 
for a total of $110 USD. 

3.2 Preparing and Delivering Supplies 
We prepared boxes of all study supplies for each participant to 
collaborate remotely with the same materials. Supplies, including 
input sensors (e.g., light and touch sensors) and outputs (e.g., LEDs 
and vibration boards) were carefully grouped into color coded bags 
based on session activities as shown in Figure 2. We delivered study 
supply boxes to participants by following best practices at that time 
for protecting against COVID-19 for at risk people – minimizing 
contact, disinfecting surfaces4, remaining outdoors, and wearing 
masks. 

Setup Session. Before starting the co-design sessions, participants 
individually joined a 30-minute Zoom call to practice the collab-
orative whiteboard, Miro5, and walked through a personalized 
password-protected website we created that acted as a resource 
hub of workshop materials. We ended by giving them homework 
3P6 required an extra design session. 
4Near the end of the study, disinfecting surfaces was removed as a best practice from 
national authorities, but we continued following it due to an abundance of caution
5https://miro.com/ 

https://miro.com/
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Table 1: Participant Demographics and Crafting Expertise. The craft in bold is participants’ most frequent craft. Participants’ 
years of experience is copied verbatim. 

ID Age Education Level Crafts Experience Level Years Exp. 
P1 72 PhD Quilting

Sewing 
Intermediate 
Intermediate 

25+ 
65+ 

P2 67 BS Crochet 
Cross-stitching 
Quilting 

Expert 
Expert 
Advanced 

46 
50+ 
40 

P3 66 MS Quilting
Sewing 

Advanced 
Intermediate 

15 
58 

P4 77 MS Bead Embroidery 
Quilting 
Sewing 

Advanced 
Intermediate 
Intermediate 

10 
35 
65 

P5 66 MS Cross-stitching 
Quilting
Sewing 

Advanced 
Advanced 
Intermediate 

15 
10 
25 

P6 75 MS Free Stitching 
Painting
Quilting 

Expert 
Expert 
Expert 

10 
60 
35 

(a) All Components Included in the Boxes (b) Bagged Components 

Figure 2: All of the components included in the boxes, both in an unbagged (a) and bagged (b) state. 

to prepare examples of their crafts to show and tell in Session 1 
(Figure 3). 

3.3 General Session Format 
Sessions 1-4 followed a consistent format (Figure 3) – we discussed 
the homework from the previous session and fxed any issues (e.g., 
a circuit did not work). We then completed 2-3 activities specifc 
to that session. We ended most sessions with a description of the 
homework and an interview, where we asked for feedback on the 
day and made connections to their practices and expertise. In the 
following section, we outline the unique activities from each ses-
sion. 

3.4 Session 1: Intro and Craft Practices 
The frst session focused on introducing participants to the study 
and establishing their crafting practices. We described the study, 
administered a pre-survey, and conducted a show and tell activity. 

The pre-survey included questions about demographics, their 
craft experience, and the modifed Computer Self Efcacy (mCSE) 
questionnaire [37] which formally measured how confdent they felt 
about creating with a hypothetical electronic toolkit that facilitated 
project creation. 

Next, we had a show and tell activity, common in crafting work-
shops, to establish participants’ crafting practices. Participants 
shared examples of what they regularly craft. We then asked several 
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Figure 3: Overview of the co-design workshop with lengths of each portion listed in minutes. The bold portions are the key 
activities in each session. 

(a) Paper Circuit (b) Birthday Card Template 

Figure 4: Paper circuit activities. (a) Example paper circuit we created using a paper template from Qi et al.’s Circuit Sticker 
Notebook [52] with copper tape, a battery, LED, and cellophane tape. (b) Birthday card template for Session 1 Homework. 

questions about their crafting practices to help qualitatively catego-
rize them along the "planner" (i.e., step-by-step, pattern following, 
process-oriented thinking, similar to computational thinking [64]) 
or "improviser" (i.e., on-the-fy, situated thinking [59]) spectrum of 
crafting. 

Finally, we introduced participants to maker electronics and built 
up their familiarity with them through scafolded activities. We 
discussed the key concepts for the paper circuits activity, which 
included circuits, polarity, and positive/negative, before building a 
paper circuit (Figure 4(a)) based on a printed template from Chibi-
tronics [52]. 
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(a) Toolkit Activity (b) E-textile Homework Project 

Figure 5: Session 2 activities with a toolkit and e-textile components. (a) Toolkit activity with a toolkit similar to Craftec’s [26] 
toolkit for older adults. (b) Researcher’s copy of the e-textile homework project using LilyPad Arduino components, including a 
coin cell battery holder, conductive thread, LilyPad button, and LilyPad LED. As the button is pressed down, the light turns on. 

For homework, participants created a light up card using their 
paper circuit skills. We provided a template for a Happy Birthday 
card (Figure 4(b)), and suggested that they light up the tip of the 
candle. 

3.5 Session 2: Scafolded Activities and 
E-Textiles 

The second session continued scafolded activities by introducing 
participants to e-textiles. Participants explored electronic making 
using a toolkit similar to Craftec [26], a toolkit designed to support 
older adults to craft with electronics (Figure 5(a)) by exploring input 
and output concepts. 

We introduced e-textiles by sharing examples so participants 
could see the possibilities while fnding inspiration for projects and 
preparing them for their homework. 

For homework, participants made a simple e-textiles circuit with 
a battery source, button, and LED, using step-by-step directions 
and provided supplies (Figure 5(b)). This gave participants practice 
building with electronics using familiar sewing skills. We taught 

about short circuits to ensure they did not cross any threads and 
create a fre hazard. 

3.6 Session 3: Project Planning 
In Session 3, we focused on integrating electronics into their craft 
by planning a project for them to complete. 

We reviewed study materials that could be connections. This built 
on their e-textile homework experience while exploring possibili-
ties beyond conductive thread (e.g., metal snaps). We co-designed 
the e-textile project each of us would prototype for homework be-
fore Session 4. Many participants already expressed ideas for what 
they might make, so the frst author recapped those options before 
brainstorming more. Participants’ prototypes were co-designed to 
avoid needing programming and instead relied on disrupting con-
nections (e.g., a button) to control outputs. We discussed which 
components would be good to include in a project and diagrammed 
the project in Miro, including a circuit diagram from the researcher 
(Figure 6(b)). 

(a) All Components in the Boxes (b) P2’s Miro Board Example 

Figure 6: Supplies and Miro Board from Session 3. (a) All of the components in the boxes. The components are sorted into 
conductive materials (left), inputs (top right), outputs (middle right), and batteries (bottom right). (b) Miro board drawing with 
circuit diagram from P2’s Easter Bunny Interactive project. 
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For homework, we both reviewed the medium-fdelity prototype 
we brainstormed together and used supplies to build it. Both partici-
pants and researchers used additional materials on hand for crafting 
projects, such as fabric. Participants were encouraged to work on 
their own, but they could ask the researcher questions. Participants 
were encouraged to spend as much time as they wished, but the 
frst author spent 4-6 hours per project. 

3.7 Session 4: Prototype and Challenges 
The goal for the fnal session was to discuss our prototypes and 
co-design solutions for common issues. 

We started by helping participants troubleshoot issues with their 
project as needed, and then shared what each of us prototyped, 
including discussing challenges participants had with their design. 

Next, we discussed how we could make improvements on the 
process of creating their prototypes and the prototypes themselves. 
We revisited the challenges they faced throughout the workshop, 
as well as six common issues researchers experience when work-
ing with e-textiles and electronic toolkits (e.g., preventing short 
circuits [26]). 

We concluded with a post-survey, which included the mCSE [37], 
and conducted the wrap up interview. 

3.8 Analysis 
We analyzed the qualitative data frst through an inductive, bottom-
up approach, and then a deductive, top-down approach [5]. During 
each session, research notes were taken. Within 24 hours, the frst 
author reviewed these notes, annotated them, and used them to 
identify potential areas for customizing the workshop for each 
participant. Later, we systematically analyzed the data using an 
inductive approach by re-watching each session’s recording while 
reviewing and further annotating the researcher notes, the Miro 
boards, and pictures of study artifacts captured afterwards6. The 
frst author then reviewed and annotated the transcripts, taking 
a deductive approach by focusing on emergent themes from the 
bottom-up approach. Throughout this process, three authors re-
viewed the analysis to form agreement around the fnal results. Fur-
thermore, we compared the prototypes participants and researchers 
each built in two ways – comparing what they made and what re-
searcher made, as well as comparing across participants. 

Determining the Planner-Improviser Style Spectrum. The planner 
vs. improviser spectrum was a research question the frst author had 
developed before this study through observing and participating 
in crafting sessions with older adult crafters. Crafters who plan 
rely heavily on developing a course of action early in the process 
and then follow it with only a few deviations. A planning style 
of crafting aligns well with computational thinking [64] – both 
involve heavy planning, abstract thinking in patterns, and problem 
solving. On the other hand, people who improvise take action 
quickly, making decisions as they go without laying out several next 
steps. Improvisers are more akin to Suchman’s work on situated 
action [59], in how they respond to the current state as they work. 
Some crafters took actions that fell along the middle of the spectrum 
6P4’s Session 4 did not record in Zoom due to an issue. The frst author spent additional 
time capturing notes immediately after the study ended to capture as much detail as 
possible. 

and had one primary style, but included elements of the other. For 
example, a crafter who leaned towards the planning end of the 
spectrum would often plan ahead, but occasionally be struck by 
inspiration to think on-the-fy as they create. 

To determine where participants fell along the spectrum, we 
used responses to questions about participants’ crafting and our 
analysis of the data to confrm those decisions. We asked them 
to self-describe their style, their crafting process, their planning 
process if they had one, how they solved problems, and their mo-
tivation for why they craft. We concluded by asking participants 
their opinion of where their style was along the Planner-Improviser 
Spectrum. Later, we analyzed where they fell by considering their 
self-description and looking for similarities across participants that 
aligned with the core descriptions for planning and improvising. 

3.9 Researcher Demographics and Positionality 
Statement: A Male Planner Style Crafter 

The frst author, who solely interacted with participants, was a 
30 year old man and approached crafting as a beginner quilter 
along the planner end of the spectrum. The frst author built co-
design relationships with participants during the study. Age and 
gender diferences may have impacted our co-design partnerships, 
such as participants deferring on some technical decisions not 
only because of the author’s expertise, but also because of age and 
gender stereotypes. The frst author’s primary craft is quilting for 
the previous 5 years. He had a fair understanding of the terminology 
and practices of quilters, but little familiarity with other crafts. For 
style, he is on the far end of the planner spectrum – he approaches 
projects methodically and plans ahead of time. He typically did not 
deviate from his plan. He worked to remain neutral and operate 
with an open mind, but this may have impacted both the design and 
analysis of this co-design workshop as the author may have geared 
it more towards participants who plan. The frst author mitigated 
this tension by reviewing his study plans with two co-authors. 

3.10 Limitations 
Our work is limited based on the population we recruited – par-
ticipants were well-educated, identifed as white and not Hispanic, 
and had the resources to have an internet connected device with 
internet access. Representation is an important issue within HCI we 
must continue to make progress towards to avoid only representing 
those who are more privileged. 

4 FINDINGS 
The co-design workshop was an opportunity to explore how older 
adult crafters would approach e-textile projects and draw insights 
for e-textile toolkit designs. We co-designed medium-fdelity e-
textile prototypes with participants. We compared these prototypes 
and collected insights from participants about how to best support 
older adult crafters to create with maker electronics. Through this 
study, we learned about how they approached crafting their e-textile 
prototypes and their insights for supporting novice older adults to 
craft e-textile projects. 
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4.1 Crafting E-textile Prototypes 
Participants’ prototypes gave them the chance to experiment with 
maker electronics. In this section, we provide a brief description 
of the other prototypes and highlight two examples of prototypes 
which demonstrate varying approaches to crafting with e-textiles 
(see subsection 4.3 which goes into depth on the Planner-Improviser 
Spectrum). For more details on all prototypes, see Appendix C. 

Participants made e-textile projects that demonstrated their ex-
ploration of what they could create (Figure 7). P1 and the frst 
author built a "Snap-a-zoo" (Figure 7(a)), a children’s toy that could 
be snapped together to make various animals, such as a walrus or 
elephant. P2’s Easter Bunny Interactive Children’s Toy (Figure 7(b)) 
built on her quilting experience, particularly her use of appliqué 
techniques, which is a method for pasting or gluing fabric shapes 
on top of other fabric. P3’s Removable Interactive Lap Quilt for 
Children with Developmental Disabilities (Figure 7(c)) built on her 
experience as a special needs educator and extensive knowledge of 
quilting and sewing projects, especially given her work as a part-
time employee of a local quilt shop. P4 crafted a Magic Question 
Answering Hat as a potential Halloween costume for her com-
munity’s Costume Contest (Figure 7(d)). She sewed the hat from 
scratch since it was too risky to go purchase one at the time. P5 
typically crafted small sewn projects and quilts, which was refected 
in her choice to light up a video game "panel" – a piece of fabric 
with a pre-printed design on it – for her Video Game Wall Hanging 
(Figure 7(h)). Wall hangings are art pieces usually hung on the wall 
to be enjoyed, but not touched. P6’s Light Up Memorial used a 
bullet casing from a friend’s gun salute7 at their funeral to create a 
memorial for them (Figure 7(i)). 

Participants on the planning end of the spectrum (P1-P4) fol-
lowed the co-designed plan, while participants who improvised 
(P5, P6) altered our co-designed plan as they crafted (Figure 7). The 
researcher, more on the planning end of the spectrum, stuck more 
closely to the plan compared to the crafters who improvised. Thus, 
the improviser projects are just as well crafted as the planners but 
noticeably diferent compared to the researchers. The researcher 
worked to refect the craft and interests of improvisers in their 
prototype. 

4.1.1 Detailed Planner Style Prototype: The Magic Qestion An-
swering Hat. P4, a planner style crafter, was an expert in making 
clothes and costumes. We co-designed a Magic Question Answer-
ing Hat (Figure 8(b)), which she would use to answer any yes/no 
question by lighting up an LED under a yes or no on the hat. We 
planned to have the yes or no be controlled by diferent button 
switches8 (Figure 8(a)). P4 followed the plan closely, crafting "yes" 
and "no" labels, and placing buttons on detachable straps to stick 
in sleeves of a shirt to control the LEDs. She made her hat from 
scratch since she did not have one available and it was not safe 
to shop for one. The researcher decided to add slightly more com-
plexity to the prototype by using three color changing LEDs for 
yes, no, and "?" when the wearer was ready for a new question. A 

7A gun salute is a ceremonial practice typically found in the armed forces where guns 
or cannons are shot to honor a dignitary, such as the leader of a country. Some armed 
forces provide one to honor veterans at their funerals.
8Her prototype, like all participants’ prototypes, did not require programming. She 
used two separately powered circuits that could be closed by a button. 

slide potentiometer controlled which lit up instead of buttons. P4’s 
prototype worked fawlessly without needing any troubleshooting 
help from the researcher. Her main challenge was with planning 
the "order of operations" given she had to sew the components on a 
2D surface initially and then sew it into a 3D hat. 

4.1.2 Detailed Improviser Style Prototype: Light Up Memorial. P6, 
an improviser style crafter, often crafted fabric-based visual arts. 
Her Light Up Memorial (Figure 9(b)) drew on this approach when 
she used the bullet casing as a conductive materials used as a single 
source of power for a ring of LEDs that was controlled by a button. 
We originally co-designed a diferent project in Session 3 – she 
planned to make a representation of Zoom screens with LEDs 
lighting up diferent areas, but P6 expressed she would likely change 
her mind after she explored the materials in the box more. P6 
attempted the Zoom LED project but had difculties in designing 
and crafting it – she tried to reuse the toolkit from the earlier activity 
instead of the components we discussed, and she misunderstood 
that the toolkit was pre-programmed to require a sensor – so we 
decided to rerun Session 3. We then co-designed a new project 
with the bullet casing, which she followed closely (Figure 9(a)). 
The researcher altered the researcher prototype in response to 
her uncertainty about the Zoom project and her interest in more 
of the box’s materials – the frst author made a Color Changing 
Swirl, which was inspired by P6’s use of indigo swirls she shared 
in Session 1. The prototype had a color sensor on the back, which 
set the color of the LEDs on the Circuit Playground Express and 
two color changing LEDs. These LEDs were animated to blink in a 
spiral efect. Although we did not create the same project, we both 
expressed an admiration for what each other had prototyped. P6’s 
prototype worked without any issues. 

4.2 Electronic Toolkit Insights: Drawing on 
Older Adult Crafters’ Workshop 
Experiences 

The workshop activities provided opportunities for participants 
and the frst author to discuss possible design considerations for 
crafting with e-textile materials, including conversations about pos-
sible electronic toolkit designs. These insights were drawn from 
participants’ activity experiences, their feedback, and our conver-
sations about the design space. We ofer three key themes from the 
results – (1) select materials with familiarity in mind, (2) support 
aesthetic goals, and (3) make crafting with electronics attainable. 

4.2.1 Theme 1: Select Materials with Familiarity in Mind. Crafters 
looked to fnd the intersection of their craft and electronics to 
build on what they knew already. Participants could brainstorm 
anything they wanted to, but they all built prototypes that rifed 
on something they had made previously or that clearly aligned 
with their skill set. For example, P1 discussed snaps, which she had 
experience with, as a possible conductive material for connections, 
inspiring her to suggest prototyping the snap heavy Snap-a-zoo and 
add in LEDs. P4 had extensive sewing experience including making 
costumes, so she did not have any issues with sewing together 
her Magic Question Answering Hat, even though she had never 
made a hat before. Some participants shied away from materials 
that were unfamiliar to crafting projects, such as visible wires. P3 



Planner Participants 

(a) P1: Participant 

(d) P1: Researcher 

(b) P2: Participant 

(e) P2: Researcher 

(c) P3: Participant 

(f) P3: Researcher 
Planner Participants Improviser Participants 

(g) P4: Participant 

(j) P4: Researcher 

(h) P5: Participant (i) P6: Participant 

(k) P5: Researcher (l) P6: Researcher 

Speaking from Experience: Co-designing E-textile Projects with Older Adult Fiber Crafers TEI ’23, February 26-March 1, 2023, Warsaw, Poland 

Figure 7: Prototypes made by participants and the frst author for Session 4. These prototypes gave participants a chance to 
explore creating with electronics. For more detailed descriptions, see below for P4 and P6, or see Appendix C for the rest. 
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(a) P4: Prototype Plan (b) P4: Participant’s Completed Prototype 

Figure 8: P4’s Magic Question Answering Hat. We diagrammed the prototype plan (a) and P4 created the resulting prototype (b). 

(a) P6: Prototype Plan (b) P6: Completed Participant Prototype 

Figure 9: P6’s Light Up Memorial. We diagrammed the prototype plan in the second run of Session 3 (a) and P6 created the 
resulting prototype (b). 

wanted to make sure children felt the vibration in her prototype, 
but she declined our suggestion to use a larger vibration board for 
her project because she, "...wouldn’t have to worry about the red and 
black wires." 

In some cases, past experience using certain kinds of materials 
could pose challenges when familiar materials were used in unex-
pected ways. For example, all six participants expressed confusion 
about conductive fabric because it did not ft their typical mental 
model for how they use fabric in their craft. Fabric is often a base 
everything is built on, so it was not clear how to safely channel 
electricity if it could go anywhere. Participants had less confusion 
with conductive thread, and often chose it over other options. In one 
session, P2 explained that she did not think about using conductive 
ribbon for a particular application where it may have been more 
suitable than the conductive thread, noting, "I’m used to thread." 
But having thread function as an electronic material led P2 and P5 
to have concerns about continuity of the thread. P5 came to Session 
4 asking, "I wondered if I run out of a thread, can I just tie of and 
keep going or does it have to literally be the same piece of thread? 

I don’t have an answer for that." Normally, crafters could restitch 
over an area to resume sewing an area, but with conductive thread, 
some assumed they had to completely tear it out if a line of thread 
was too short or broke. 

Participants suggested that we select training and practice ac-
tivities to help blend their crafting practices to more easily create 
with electronics. Trying out a fabric for a project is part of many 
crafters’ process of creating. Both P2 and P6 suggested being able 
to test their prototypes before they started sewing them down. P2, 
a planner style participant, wanted to plan out components early 
to visualize where they would be. Conversely, P6, an improviser 
style participant, wanted to "audition" components and materials 
to learn more about how they worked as she explored them. Partic-
ipants also suggested more activities to scafold learning and build 
up their familiarity with the materials as they crafted a prototype. 
P1 suggested an intermediate step between the e-textile homework 
and prototype that included more examples with challenges to push 
crafters to try new skills, such as hiding the components behind 
the fabric. 
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4.2.2 Theme 2: Support Aesthetic Goals. Older adult crafters high-
lighted the importance of supporting aesthetic goals in their projects. 
Every participant hid electronics (i.e., components and batteries) on 
the back of their prototype (P1, P2, P4, P5, P6) or inside of a pocket 
(P3), even though we did not ask them to do so. P5, when describing 
her Wall Hanging prototype in Session 4, explained, "...but then, of 
course, I went a step further and I wanted the battery to be on the 
back so it was hidden." P1, P3, and P4 decided to use conductive tape 
rather than conductive thread to prevent the hand-sewn thread 
from showing through on the front. P1 mentioned "I chose to use the 
white [conductive] tape because this particular project really doesn’t 
want to have stitches showing on the exterior, so using the gray [con-
ductive] thread would have meant showing stitches or putting another 
piece of fabric in the middle that I would use the stitches through and 
then sealing it up." 

While some electronic components were hidden to preserve aes-
thetics, participants envisioned the use of electronics as providing 
an aesthetic purpose, such as adding eye catching fabric to a project. 
P2, P3, and P5 suggested using several components to add attention 
drawing features to a project. P3 suggested electronics could be a 
material that provides "movement" to draw people’s eyes – "...you 
could take little bitty lights or sound things and add them to fabric 
art and give them movement or give them life, because we talk in 
quilting about something’s fat or everybody wants your quilt to have 
movement, and that means your eye moves around it." 

Participants carefully selected materials so that the aesthetics 
of their project could match the purpose. This was most evident 
in crafters’ choices of LED lights (Figure 10). P6 chose LilyPad Ar-
duino (LPA) LEDs for her Light Up Memorial prototype, explaining 
that bulb-style LEDs seemed too childish given the context of her 
memorial piece. Three participants (P1, P2, P3), who all made pro-
totypes meant for children, took eforts to make them more playful 
by using the brightly colored bulb LEDs and buttons. P3 also noted 
that the brightly colored buttons make an engaging noise, "Actually, 
I think [the brightly colored button] is going to be perfect, because it 
also makes a satisfying clicking sound." 

Figure 10: All three button options highlighted with the rest 
of the input components. 

4.2.3 Theme 3: Make Crafing with Electronics Atainable. Older 
adult crafters found crafting with electronics more difcult with 
far more to learn than they expected. P2 and P3 both commented 
how creating something with electronics was deceptively difcult. 

"[Crafting with electronics is] harder, I think, than most 
people would think it would be. Basically if you were to 
teach a class on it, you probably would have everything 
put together and they would just have to set it up, so to 
speak, like a day class, or they’d have to do the wiring 
bit... I look at that stuf in that box, it’s like, ’I have no 
idea what that stuf is,’ and that’s okay because I have 
learned a bunch of stuf..." – P3 

P3 and P6 commented that it felt like the workshop activities were 
merely the tip of the iceberg, while P4, P5, and P6 wanted to know 
more about all of the supplies in the box, but the researchers’ inten-
tion was never to go through every item in box, only to have every 
component safely on hand since we were co-creating remotely 
during a pandemic. 

Participants noticed how electronics require more precision than 
crafting. P5 and P6 (both crafters who improvise) pointed out how 
crafting is very forgiving – there is a broad spectrum of how "good" 
something is – but electronics is not forgiving at all – there is a hard 
cut of of whether it worked that makes crafting with electronics 
less approachable. Similarly, P4 and P5 noted how creating with 
electronics requires more precision compared to crafting, "I would 
say one thing that some precision is needed because if you don’t 
connect the stuf in the right spots, nothing is going to happen." 

Participants suggested improvements specifc to crafting with 
electronics that would make it easier for older adults, such as mak-
ing electronics more accessible to see and to sew. P1, P5, and P6 
proposed including a magnifying glass as a part of the supplies to 
help with any vision challenges. P6 explained, "These [components] 
are really tiny. I talked to you about how it was hard to read positive 
or negative. I kept my magnifying glass out so I’d be sure I got it right 
every time making those diferences." P5 and P6 suggested making 
the pieces bigger in general to make them easier to work with. For 
example, the tiny on/of switch on the LPA battery holder was so 
small that P6 could neither see nor easily switch it, so she relied on 
trying her prototype with it switched one way, then the other until 
it worked. Larger pieces would also allow for larger fonts for any 
names or directions printed on the pieces, which P4 recommended. 
P3 and P5 suggested using colors to indicate where to make con-
nections without needing to rely on labels. P3 explained, "The plus 
and minus poles of any of these objects could be in diferent colors, 
...it would be even more obvious, and I wouldn’t need my magnifying 
glass." Lastly, P4 encouraged choosing conductive materials and 
needles that were easy to push through by hand to make sewing 
conductive circuits easier. When we suggested possibly using a 
sewing machine, she felt reluctant to do so since sewing machines 
are such a precious tool that are increasingly difcult to repair if 
they break. 

The design of the components and materials could also be im-
proved to make them easier for a crafter of any age wanting to 
create with electronics. Names and directions on the pieces could 
better help people identify components and what they do (P4). P1, 
P2, and P3 preferred the medium-sized button for their projects, 



TEI ’23, February 26-March 1, 2023, Warsaw, Poland Jelen, et al. 

Figure 11: We demonstrated to P6 how to make a conductivity tester out of alligator clips and the e-textile homework, which 
she then recreated to test the conductivity of the bullet casing. 

which was larger but more intuitive to use than the LPA button 
with its common button appearance, but smaller than the large ar-
cade button (Figure 10). Additionally, P5 owned some multicolored 
embroidery thread and suggested using colored conductive thread 
to make it visually clear that you were not sewing a short circuit, 
such as having red for all positive threads and black for all negative 
threads. 

Video recordings and a glossary of terms would also help partic-
ipants more easily create and learn to craft with electronics. P1, P2, 
P3 P3 explained her use of videos when learning something new, 
"YouTube is my friend. I will sit and watch YouTube over and over 
and over. That’s the best thing because you can stop it, and go back 
and stop it..." Similarly, P6 suggested ofering YouTube videos with 
each of the activities so she could follow along with it while she 
synchronously worked on her circuits, "If I were to get something, 
some little kit like this, I would very much like to go to a YouTube 
video and watch it because I could see while I was doing it." Half of 
the participants (P2, P4, P5) talked about needing to learn the terms 
as they were learning to craft with electronics. P6 suggested ofer-
ing a glossary so older adult crafters could search in other places 
for help resources, such as knowing that negative and ground are 
synonyms. 

Participants suggested adding tools and training options to help 
them recover from mistakes, making electronics more approachable. 
P4’s husband conveniently had a multimeter to test the conductiv-
ity of a metallic New Year’s Eve hat, which they found conducted 
electricity, so she could not use it for her hat prototype. Without a 
multimeter, the researcher brainstormed a way to test malfunction-
ing circuits with alligator clips by connecting alligator clips directly 
to the LPA battery holder terminals and the component in question 
(Figure 11). Alligator clips helped P1 and P6 resolve problems they 
had, but P5’s difculties still required seeing it in person before 
we could determine she had too many LEDs connected. P5 wished 
she had training on starting simple, then adding more LEDs as it 
worked. 

4.3 Understanding Crafters’ Practices: 
Planner-Improviser Style Spectrum 

We found that participants difered with regards to the way they 
approached crafting, and these diferences carried over to their 
approach to e-textile projects. We qualify these diferences along 
a Planner-Improviser Spectrum (Figure 12). The four participants 

Figure 12: The style spectrum with participants placed along 
it. 

who more closely aligned with a planning style planned several 
steps ahead and often followed patterns. They also did not tend to 
deviate much from their set plans until they were forced to (e.g., 
they ran out of fabric) – both in their crafts and their e-textile 
projects. Conversely, the two participants who improvised made 
decisions as they crafted and often looked to fnd inspiration or 
ideas for their crafts, akin to the ways that hobbyist jewelers design 
with "serendipitous discovery" [12]. They frequently adapted as 
they went, making changes or exploring possibilities as the project 
developed, which carried over into their e-textile projects as well. 
We highlight these diferent approaches to similar tasks, because 
they can impact how toolkit designers support crafters to work 
with e-textile toolkits. 

Training materials, such as step-by-step directions, supported 
participants to create, but not always in the same way. The planners 
followed them closely, especially when they were looking for guided 
troubleshooting help. Improvisers, instead, explored completing 
their activities frst before returning to the directions for help if 
they were having issues. For example, P6 informed us she tried to 
complete the e-textile homework initially, but had to revisit the 
directions when it did not work right away – "Before I read actually, 
in your directions, I kind of skimmed around thinking ‘Oh, yeah, I 
know what I’m doing let’s go try this.’ Then when it doesn’t work, I go 
back and read them very carefully. Probably most people don’t like 
[to do it that way]." 

4.3.1 Planner Style Similarities. Though planners shared the traits 
described above, they varied along the planning-improvising spec-
trum. P1 sewed for her craft, including quilting, and exclusively 
approached her craft as a planner by planning heavily before each 
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project and not deviating much once the plan was set, noting how 
she sticks "... pretty close to [a plan] unless there’s a problem." P2, P3, 
and P4 all leaned towards planning, but still approached some situ-
ations as an improviser by sometimes adapting plans. For example, 
P3 often spent time looking ahead to envision what the outcome 
was going to be if she continued down a particular path. However, 
she sometimes adapted, "I’m not opposed [to not following a plan], 
though, to doing something and realizing, ‘Hmm, I could do it this 
way,’ and ripping it out and doing something diferent." We saw this 
with her prototype after Session 3 when we re-solidifed the plan 
several times over e-mail. 

Planners were cautious in how they approached the workshop 
activities and troubleshot more methodically than those who im-
provised. P2 and P3’s caution showed during the description of 
Session 2’s e-textile homework where we frst addressed the safety 
concerns about potentially catching the project on fre. They were 
quite worried about short-circuiting connections, especially P3, 
whose father was an electrician and instilled in her a strong respect 
of electricity. By Session 4, she said "...You’ve got me convinced I’m 
going to catch everything on fre." P2 often came to homework review 
sessions with partially-fnished projects because she had questions 
or concerns when something was not listed in the directions. For 
example, she came to Session 3 with unknotted conductive thread 
connecting her components since she was unsure whether knotting 
would damage the connections between components. Planner style 
crafters’ caution was apparent in their prototypes, too, since they 
used only 1-3 outputs, compared to the 5 and 13 components of 
participants who improvised. 

Participants who planned were more methodical about trou-
bleshooting issues with their homework, carefully describing their 
thought process for how they would resolve it. For example, P1 
came to Session 3 with a list of all the steps she took to fgure out 
why her e-textile homework worked initially and then stopped 
working (Figure 13). Eventually, she resewed the circuit to get it 
working, but we were unable to determine exactly why it failed. 
Similarly, P2 and P4 ran into issues sewing the incorrect connec-
tions on their prototype and e-textile homework respectively, but 
they were able to quickly identify the connection issue and re-sew 
it. 

4.3.2 Improviser Style Similarities. The participants who impro-
vised, P5 and P6, were on the far end of the improviser spectrum, 
often diving right into a project with only a rough idea and adapt-
ing as they explored options. Both changed their minds about the 
co-design project to make something else and also expressed some 
dislike for patterns – P6 described her work as art quilting, which 
she defned as "...it shouldn’t be something that somebody else has 
done before. It shouldn’t be from a pattern." 

Participants on the improviser end of the style spectrum were 
slower to agree on a co-designed prototype and troubleshot through 
trial and error. P5 and P6 wanted to spend more time brainstorming 
prototype designs in Session 3 compared to those who planned. For 
P5, she could not decide because all of the options we brainstormed 
sounded great to her, so we had to slowly narrow our ideas. We dis-
cussed lighting up a needle-point tree, recreating a color-changing 
scarf that we showed as an example in Session 2, quilts in general, 
and adding stars to a painting. We then narrowed down to focusing 

Figure 13: P1’s list of all the steps she took to fgure out why 
her e-textile circuit (Session 2’s Homework) stopped working. 

on a quilt with a pre-printed design – frst Christmas, then eventu-
ally settling in on a videogame pre-printed design. Similarly, P6 did 
not want to stop exploring component options as we were brain-
storming and kept trying to integrate new components that we had 
not talked about yet. Improvisers’ approach further showed in their 
prototypes, which were quite diferent than we had co-designed 
in Session 3. P6 explained in Session 3, "I usually think after I start 
making things." P5 and P6 troubleshot primarily through trial and 
error, and often ending up redoing the circuit completely when 
nothing seemed to work. For example, P5 had difculties with her 
videogame quilt prototype, which she wanted to light up with LEDs 
(Figure 7(i)). She tried several diferent combinations of LED lights, 
methods for connecting components, and fabrics, but she tore it 
out and redid it several times – "I tried every permutation I could 
think of." Ultimately, it did not turn on, and she was disappointed. 

5 DISCUSSION 
Our study investigated co-designing e-textile projects with expert 
older adult crafters and what that means for designing e-textile 
toolkits for older adult crafters. Key to this project was the crafters’ 
expertise in planning and executing crafting projects, working 
around barriers and unexpected outcomes, working with materials 
and tools, as well as their aesthetic sensitivities. Their expertise 
was valuable since crafters’ expertise and involvement early in the 
design process broadens the design space and includes these experts 
as technical collaborators [13]. 

5.1 Advancing E-textile Toolkits to Support 
Older Adult Crafters to Craft with 
Electronics 

Older adult crafters’ experiences crafting co-designed e-textile 
projects in our workshop advances the design of e-textile toolkits 
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to better support people to create with these tools. In particular, 
the three electronic toolkit themes – (T1) select materials with fa-
miliarity in mind, (T2) support aesthetic goals, (T3) make crafting 
with electronics attainable – add structure to the lessons toolkit 
designers can take away. 

To select materials with familiarity in mind (T1), we frst call for 
a return back towards soft toolkits, where many of the materials are 
familiar, fabric compatible, and can easily integrate in with e-textile 
projects. Leah Buechley’s original LilyPad Arduino (LPA) was cre-
ated with layers of felt containing electronic components, but LPA 
was pushed towards stifer plastic as it moved into commercial 
production [4]. Jones et al. [28] have also recently called for a shift 
back towards softer toolkits, which integrate better with traditional 
fabric-based crafting. One challenge with softer toolkits is the pro-
duction costs that might come from softer toolkits. Researchers are 
exploring how to create e-textile tools with softer materials (e.g., 
weaving techniques for integrating conductive components [46]), 
but it is unclear whether that could bring down costs. Better inte-
grating with these materials can help expert crafters to make the 
connection between their crafts and e-textiles by being a familiar 
material. 

Selecting materials with familiarity in mind (T1) also includes a 
particular emphasis on working with familiar materials and making 
it clear how to use unfamiliar materials. Recent work with crafters 
made similar calls for teaching about e-textile materials [28, 54], 
where they recommend teaching crafters about the essential mate-
rials needed for crafting with electronics. We encourage e-textile 
designers to show clear parallels between these familiar materi-
als, such as thinking about how conductive thread is similar to 
standard thread – both can secure an object or fabric to another 
fabric. This is critical for connection materials, such as conductive 
thread, conductive ribbon, conductive fabric, and metallic objects 
(e.g., snaps). Conductive thread was easy for fabric with crafters 
to understand how to use, but conductive ribbon and conductive 
fabric will require additional training – every participant was con-
fused how to use it, viewing fabric as primarily an aesthetic choice 
instead of seeing it as a way to form a channel for electricity to 
travel to electronic components. For example, we would recom-
mend introducing conductive ribbon and conductive fabric with an 
assignment similar in size as our workshop homework – connect 
one LED via conductive thread, one LED via conductive ribbon 
sewn down with thread, and a third LED via conductive fabric cut 
into a non-standard shape sewn down with thread. This would 
demonstrate the parallels between these materials while making 
comparisons to typical fabric crafting materials. 

Tools for older adult crafters to create with e-textiles should 
consider how the tool will support crafters to reach their aesthetic 
goals (T2). Researchers found that crafters often tend to focus more 
on aesthetics compared to makers [16]. In our study, participants 
suggested supporting their aesthetic choices by hiding electronics 
in their projects and facilitate e-textile components as eye catch-
ing aspects of their project. We recommend that e-textile toolkits 
focus on these specifc instances, such as supporting the use of 
conductive ribbon to facilitate connections since conductive thread 
can show through, but also to think more broadly about how to 
support crafters’ aesthetic choices. We add to calls for researchers 
to ensure they are supporting crafting with electronics, rather than 

supporting electronics with craft [47]. We encourage researchers 
to continue investigating tools to support these choices with tools, 
such as digitized visualization tools for improvisational quilters to 
plan out their next quilt [40]. 

We encourage e-textile toolkits to carefully tailor their train-
ing materials to their target audience. Researchers have trained 
people to use maker electronics through workshops [2, 26, 31, 55], 
training videos [51], and printed materials [26]. For older adult 
crafters, this means supporting them to help themselves no matter 
which end of the Planner-Improviser Spectrum they are on, mak-
ing electronics more attainable (T3). Training materials can carry 
on a long tradition started in the 19th century of democratizing 
sewing skills to reach broader groups of people through distributing 
paper patterns [62]. First, we recommend including video demon-
strations of creating the example of each toolkit, so participants 
can get asynchronous help. Clear step-by-step directions for each 
of the activities and toolkit examples will help crafters complete 
projects, just as they did during the co-design workshop. The direc-
tions should also include detailed troubleshooting for planner style 
crafters, since they often look for how to go about systematically 
debugging projects. Improviser style crafters will have the added 
beneft of seeing video examples of completed projects, giving them 
ideas for projects as they explore. 

E-textile toolkit designers can also learn more about the impor-
tance of quickly prototyping with components to make electronics 
more attainable (T3). Recent work on the e-textile prototyping tools, 
such as the Threadboard [23], and Punch Sketching [29], have had 
similar goals to support more rapid prototyping and testing through 
innovative uses of conductive e-textile materials. Our work high-
lights why it would be particularly benefcial for older adult crafters 
– fast prototyping would allow crafters who plan to develop their 
plan with more certainty while crafters who improvise would use 
prototyping to test out ideas quickly and explore sensors. We ac-
knowledge that developing faster prototyping with e-textile toolkits 
will not be easy – one challenge with faster prototyping will be the 
trade of between prototyping speed and permanence. For example, 
Craftec’s [26] Hard toolkit used magnets and wires for connections, 
allowing faster prototyping speed, but magnetic connections are 
less permanent than Craftec’s conductive fabric-based Soft toolkit 
which required sewing down connections. Finding a fast, tempo-
rary prototyping step with a toolkit before making a connection 
more permanent could be one way to deal with this trade of. 

5.2 Building on Older Adult Crafters’ Practices: 
Supporting the Planner-Improviser 
Spectrum 

Older adults are a diverse group of people, and researchers encour-
age designing technologies to support them without making ageist 
assumptions about homogeneity of older adults [36]. Older adult 
crafters are no exception – we saw how they had quite diferent ap-
proaches to crafting e-textile projects along the Planner-Improviser 
Spectrum. Our co-design workshop study built on this diversity 
to highlight the unique crafting styles of older adult crafters and 
shed light on how we might support and learn from those styles 
to help older adults to create with electronics. Older adult crafters 
have a wealth of experience in crafting to share as researchers work 
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to design technologies that avoid stereotyping, and the Planner-
Improviser Spectrum provides a reference point for considering the 
extremes of the approaches older adult crafters take as they create 
with maker electronics. 

Older adult crafters who have a planning style were more plan-
centric and cautious, which requires designing teaching materials 
and toolkits that support that style. Planners, overall, have aligned 
more closely with the principles of computational thinking [54, 64] 
or computational making [54], highlighted by their preference for 
step-by-step, sequential teaching materials, and align with the logi-
cal, ordered thinking we often see in computational thinking or mak-
ing. Therefore, toolkit teaching materials should include step-by-
step directions and troubleshooting guidance. Planner style crafters’ 
caution requires alleviating their concerns to ensure their success. 
For example, several planners were concerned about catching their 
homework projects on fre. We worked to alleviate their concern by 
developing teaching materials that described how to avoid it and 
strove to give them enough practice that they could feel more at 
ease, but some participants still voiced concerns. More scafolded 
practice could alleviate their concerns as they gain experience with 
e-textiles. 

On the other end of the spectrum, older adult crafters who ap-
proached crafting with an improviser style were more tolerant of 
failure and were exploratory in their approach, which requires 
designing teaching materials and toolkits that give them room to 
explore. Improvisers often set of in a general direction with a loose 
plan, but they relied on making decisions as they were creating 
and often deviated from their initial plans. They also used trial 
and error for troubleshooting, only falling back to the instructions 
when they ran into a roadblock. These qualities about improvisers 
make it imperative to provide more opportunities to explore, while 
giving enough guardrails to prevent common issues. Crafters who 
improvise align well with the recent interest on materiality as a way 
to support better user experiences [19, 22, 25, 38, 60]. Improvisers 
often use the materials themselves to think through their project 
designs, so any teaching materials or toolkits should facilitate an 
exploration of electronic materiality as they work with a toolkit. 
For example, littleBits [3] has guardrails for novices, encourages 
exploration as people mix and match components, and supports 
people to integrate electronics as a material in projects. These quali-
ties have even resulted in littleBits being used by researchers during 
the prototyping phase (e.g., [32]). 

We demonstrated how the toolkits and training materials can 
help both older adult crafters who have a planner and improviser 
style to create with electronics, but not always for the same reasons. 
For example, planner style crafters would use the step-by-step direc-
tions as a guide and followed them closely, while improviser style 
crafters would start with trial and error, but use the directions as a 
backup when they could not get it working on their own. Common 
toolkit goals of making it easier to create or abstracting technical 
knowledge [31, 44, 45, 52, 53] equally helped both to create as they 
used the training materials in accordance with their crafting style. 
We encourage providing examples of completed toolkit projects to 
help both styles of crafters to see how the toolkits could be used. 
These examples may not be used the same either. Planners discussed 
how they would consider and test how to integrate the example 
into their planning, while improvisers would likely consider the 

examples a data point in their exploration. Considering both ends 
of the spectrum promotes better toolkits and training materials, 
and researchers who recognize how their toolkits and materials 
will be used can help support the Planner-Improviser Spectrum of 
older adult crafters. 

6 FUTURE WORK 
This formative work on the Planner-Improviser Spectrum could 
be expanded to more groups of people and crafting-oriented re-
search. We intend to investigate how this spectrum could apply 
to other crafts or demographics of crafters. For example, children 
are often the target for e-textile based STEM projects, and if the 
Planner-Improviser Spectrum applies, it could shed light on how 
they could be better supported to learn computational thinking 
skills. We see this as an opportunity for the community to apply 
these methods and investigate if this spectrum helps support more 
people in tangible e-textile research. This spectrum also lends itself 
to furthering the conversations around design thinking and expe-
riential learning in craft thinking [33–35]. For example, we saw 
how participants procured conductive materials that were on hand 
(e.g., the bullet casing in P6’s Light Up Memorial). This aligns more 
closely with craft practices and could lead to a blending of toolkits 
and untoolkits [45]. 

We also plan to further explore the remote co-design methods 
used in this study. Remote co-design presented many challenges 
and opportunities that could be discussed at length, such as how 
the sharing of open ended boxes of electronic supplies could create 
a shared co-design experience. 

7 CONCLUSION 
We described a remote co-design workshop with 6 individual older 
adult crafters where we co-designed and crafted e-textile proto-
types. Through this study, we explored the co-designed prototypes 
made by participants and researchers, such as the Magic Ques-
tion Answering Hat. These prototypes showcase how older adult 
crafters approach e-textile projects with their crafting expertise, 
and later informed the design implications for developing e-textile 
toolkits that incorporate this expertise. We also developed a deeper 
understanding of older adult crafters’ practices, highlighting how 
participants fell along a Planner-Improviser Spectrum. This spec-
trum in turn helps with understanding their approach to integrating 
maker electronics into a crafted project. Lastly, we discussed the 
implications around electronic toolkit design, including the three 
themes we drew from supporting older adult crafters to prototype 
their co-designed projects – select materials with familiarity in 
mind, support aesthetic goals, and make crafting with electronics 
attainable. These themes draw on their expertise, including high-
lighting how to advance the design of future e-textile toolkits and 
better support crafters along the Planner-Improviser Spectrum. 

ACKNOWLEDGMENTS 
We thank the participants for working with us during challenging 
times. We thank the reviewers, James Clawson, Lesa Huber, and Nor-
man Su for providing valuable feedback. Funding for this research was 
provided in part by NSF Grants DGE-1342962 and IIS-1814725. Any 
opinions, fndings, and conclusions or recommendations expressed in 



TEI ’23, February 26-March 1, 2023, Warsaw, Poland Jelen, et al. 

this material are those of the author(s) and do not necessarily refect 
the views of the National Science Foundation. 

REFERENCES 
[1] Aloha Hufana Ambe, Margot Brereton, Alessandro Soro, Min Zhen Chai, Laurie 

Buys, and Paul Roe. 2019. Older People Inventing Their Personal Internet of 
Things with the IoT Un-Kit Experience. In Proceedings of the 2019 CHI Conference 
on Human Factors in Computing Systems (Glasgow, Scotland Uk) (CHI ’19). ACM, 
New York, NY, USA, Article 322, 15 pages. https://doi.org/10.1145/3290605. 
3300552 

[2] Swamy Ananthanarayan, Katie Siek, and Michael Eisenberg. 2016. A Craft 
Approach to Health Awareness in Children. In Proceedings of the 2016 ACM 
Conference on Designing Interactive Systems (Brisbane, QLD, Australia) (DIS ’16). 
Association for Computing Machinery, New York, NY, USA, 724–735. https: 
//doi.org/10.1145/2901790.2901888 

[3] Ayah Bdeir. 2009. Electronics as Material: LittleBits. In Proceedings of the 3rd 
International Conference on Tangible and Embedded Interaction (Cambridge, United 
Kingdom) (TEI ’09). Association for Computing Machinery, New York, NY, USA, 
397–400. https://doi.org/10.1145/1517664.1517743 

[4] Leslie Birch. 2017. Celebrating 10 Years of the Lilypad Arduino. https://blog. 
adafruit.com/2017/10/11/celebrating-10-years-of-the-lilypad-arduino/. 

[5] Virginia Braun and Victoria Clarke. 2006. Using Thematic Analysis in Psychology. 
Qualitative Research in Psychology 3, 2 (2006), 77–101. https://doi.org/10.1191/ 
1478088706qp063oa 

[6] Leah Buechley and Michael Eisenberg. 2009. Fabric PCBs, electronic sequins, and 
socket buttons: techniques for e-textile craft. Personal and Ubiquitous Computing 
13, 2 (feb 2009), 133–150. https://doi.org/10.1007/s00779-007-0181-0 

[7] Leah Buechley, Mike Eisenberg, Jaime Catchen, and Ali Crockett. 2008. The 
LilyPad Arduino: Using Computational Textiles to Investigate Engagement, Aes-
thetics, and Diversity in Computer Science Education. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (Florence, Italy) (CHI ’08). 
ACM, New York, NY, USA, 423–432. https://doi.org/10.1145/1357054.1357123 

[8] Leah Buechley and Benjamin Mako Hill. 2010. LilyPad in the Wild: How 
Hardware’s Long Tail is Supporting New Engineering and Design Commu-
nities. In Proceedings of the 8th ACM Conference on Designing Interactive Sys-
tems (Aarhus, Denmark) (DIS ’10). ACM, New York, NY, USA, 199–207. https: 
//doi.org/10.1145/1858171.1858206 

[9] Leah Buechley and Hannah Perner-Wilson. 2012. Crafting Technology: Reimag-
ining the Processes, Materials, and Cultures of Electronics. ACM Trans. Comput.-
Hum. Interact. 19, 3, Article 21 (oct 2012), 21 pages. https://doi.org/10.1145/ 
2362364.2362369 

[10] Kayla Carucci and Kentaro Toyama. 2019. Making Well-Being: Exploring the 
Role of Makerspaces in Long Term Care Facilities. In Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems (Glasgow, Scotland Uk) (CHI 
’19). Association for Computing Machinery, New York, NY, USA, Article 469, 
12 pages. https://doi.org/10.1145/3290605.3300699 

[11] Amy Chen. 2020. The Design and Creation of Tactile Knitted E-Textiles for 
Interactive Applications. In Proceedings of the Fourteenth International Conference 
on Tangible, Embedded, and Embodied Interaction (Sydney NSW, Australia) (TEI 
’20). Association for Computing Machinery, New York, NY, USA, 905–909. https: 
//doi.org/10.1145/3374920.3374959 

[12] Audrey Desjardins and Ron Wakkary. 2013. Manifestations of Everyday Design: 
Guiding Goals and Motivations. In Proceedings of the 9th ACM Conference on Cre-
ativity & Cognition (Sydney, Australia) (C&C ’13). Association for Computing Ma-
chinery, New York, NY, USA, 253–262. https://doi.org/10.1145/2466627.2466643 

[13] Laura Devendorf, Katya Arquilla, Sandra Wirtanen, Allison Anderson, and Steven 
Frost. 2020. Craftspeople as Technical Collaborators: Lessons Learned through an 
Experimental Weaving Residency. Association for Computing Machinery, New 
York, NY, USA, 1–13. https://doi.org/10.1145/3313831.3376820 

[14] Laura Devendorf and Chad Di Lauro. 2019. Adapting Double Weaving and Yarn 
Plying Techniques for Smart Textiles Applications. In Proceedings of the Thirteenth 
International Conference on Tangible, Embedded, and Embodied Interaction (Tempe, 
Arizona, USA) (TEI ’19). Association for Computing Machinery, New York, NY, 
USA, 77–85. https://doi.org/10.1145/3294109.3295625 

[15] Laura Devendorf, Joanne Lo, Noura Howell, Jung Lin Lee, Nan-Wei Gong, M. Emre 
Karagozler, Shiho Fukuhara, Ivan Poupyrev, Eric Paulos, and Kimiko Ryokai. 
2016. "I Don’t Want to Wear a Screen": Probing Perceptions of and Possibilities 
for Dynamic Displays on Clothing. In Proceedings of the 2016 CHI Conference 
on Human Factors in Computing Systems (San Jose, California, USA) (CHI ’16). 
Association for Computing Machinery, New York, NY, USA, 6028–6039. https: 
//doi.org/10.1145/2858036.2858192 

[16] Raune Frankjær and Peter Dalsgaard. 2018. Understanding Craft-Based Inquiry 
in HCI. In Proceedings of the 2018 Designing Interactive Systems Conference (Hong 
Kong, China) (DIS ’18). Association for Computing Machinery, New York, NY, 
USA, 473–484. https://doi.org/10.1145/3196709.3196750

[17] Mikhaila Friske, Shanel Wu, and Laura Devendorf. 2019. AdaCAD: Crafting 
Software For Smart Textiles Design. In Proceedings of the 2019 CHI Confer-
ence on Human Factors in Computing Systems (Glasgow, Scotland Uk) (CHI 

’19). Association for Computing Machinery, New York, NY, USA, 1–13. https: 
//doi.org/10.1145/3290605.3300575 

[18] Martha Glazzard, Richard Kettley, Sarah Kettley, Sarah Walker, Rachel Lucas, 
and Matthew Bates. 2015. Facilitating a ’non-judgmental’ skills-based co-design 
environment. Shefeld Hallam University, United Kingdom. 

[19] Connie Golsteijn, Elise Van Den Hoven, David Frohlich, and Abigail Sellen. 2014. 
Hybrid crafting: Towards an integrated practice of crafting with physical and 
digital components. Personal and Ubiquitous Computing 18, 3 (2014), 593–611. 
https://doi.org/10.1007/s00779-013-0684-9 

[20] Bruna Goveia da Rocha, Oscar Tomico, Panos Markopoulos, and Daniel Tetteroo. 
2020. Crafting Research Products through Digital Machine Embroidery. Association 
for Computing Machinery, New York, NY, USA, 341–350. https://doi.org/10. 
1145/3357236.3395443 

[21] Nur Al-huda Hamdan, Simon Voelker, and Jan Borchers. 2018. Sketch & 
Stitch: Interactive Embroidery for E-Textiles. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems (Montreal QC, Canada) 
(CHI ’18). Association for Computing Machinery, New York, NY, USA, 1–13. 
https://doi.org/10.1145/3173574.3173656 

[22] Nicolai Brodersen Hansen and Peter Dalsgaard. 2012. The Productive Role of 
Material Design Artefacts in Participatory Design Events. In Proceedings of the 7th 
Nordic Conference on Human-Computer Interaction: Making Sense Through Design
(Copenhagen, Denmark) (NordiCHI ’12). ACM, New York, NY, USA, 665–674. 
https://doi.org/10.1145/2399016.2399117 

[23] Chris Hill, Michael Schneider, Ann Eisenberg, and Mark D. Gross. 2021. The 
ThreadBoard: Designing an E-Textile Rapid Prototyping Board (TEI ’21). As-
sociation for Computing Machinery, New York, NY, USA, Article 23, 7 pages. 
https://doi.org/10.1145/3430524.3440642 

[24] Cedric Honnet, Hannah Perner-Wilson, Marc Teyssier, Bruno Fruchard, Jürgen 
Steimle, Ana C. Baptista, and Paul Strohmeier. 2020. PolySense: Augmenting 
Textiles with Electrical Functionality Using In-Situ Polymerization. Association 
for Computing Machinery, New York, NY, USA, 1–13. https://doi.org/10.1145/ 
3313831.3376841 

[25] Giulio Jacucci and Ina Wagner. 2007. Performative Roles of Materiality for Col-
lective Creativity. In Proceedings of the 6th ACM SIGCHI Conference on Creativity 
&; Cognition (Washington, DC, USA) (C&C ’07). ACM, New York, NY, USA, 73–82. 
https://doi.org/10.1145/1254960.1254971 

[26] Ben Jelen, Anne Freeman, Mina Narayanan, Kate M. Sanders, James Clawson, and 
Katie A. Siek. 2019. Craftec: Engaging Older Adults in Making through a Craft-
Based Toolkit System. In Proceedings of the Thirteenth International Conference 
on Tangible, Embedded, and Embodied Interaction (TEI ’19). ACM Press, New York, 
New York, USA. https://doi.org/10.1145/3294109.3295636 

[27] Jeyeon Jo, Doyeon Kong, and Huiju Park. 2021. BLInG: Beads-Laden Interactive 
Garment. In 2021 International Symposium on Wearable Computers (Virtual, USA) 
(ISWC ’21). Association for Computing Machinery, New York, NY, USA, 189–193. 
https://doi.org/10.1145/3460421.3478827 

[28] Lee Jones and Audrey Girouard. 2021. Patching Textiles: Insights from Visible 
Mending Educators on Wearability, Extending the Life of Our Clothes, and 
Teaching Tangible Crafts. In Creativity and Cognition (Virtual Event, Italy) (C&C 
’21). Association for Computing Machinery, New York, NY, USA, Article 36, 
11 pages. https://doi.org/10.1145/3450741.3465265 

[29] Lee Jones, Miriam Sturdee, Sara Nabil, and Audrey Girouard. 2021. Punch-
Sketching E-Textiles: Exploring Punch Needle as a Technique for Sustainable, 
Accessible, and Iterative Physical Prototyping with E-Textiles. In Proceedings 
of the Fifteenth International Conference on Tangible, Embedded, and Embodied 
Interaction (Salzburg, Austria) (TEI ’21). Association for Computing Machinery, 
New York, NY, USA, Article 21, 12 pages. https://doi.org/10.1145/3430524.3440640 

[30] Eva-Sophie Katterfeldt, Nadine Dittert, and Heidi Schelhowe. 2009. EduWear: 
Smart Textiles as Ways of Relating Computing Technology to Everyday Life. In 
Proceedings of the 8th International Conference on Interaction Design and Children. 
ACM, Como, Italy, 9–17. https://doi.org/10.1145/1551788.1551791 

[31] Majeed Kazemitabaar, Jason McPeak, Alexander Jiao, Liang He, Thomas Outing, 
and Jon E. Froehlich. 2017. MakerWear: A Tangible Approach to Interactive 
Wearable Creation for Children. In Proceedings of the 2017 CHI Conference on 
Human Factors in Computing Systems (Denver, Colorado, USA) (CHI ’17). ACM, 
New York, NY, USA, 133–145. https://doi.org/10.1145/3025453.3025887 

[32] Majeed Kazemitabaar, Leyla Norooz, Mona Leigh Guha, and Jon E. Froehlich. 2015. 
MakerShoe: Towards a Wearable e-Textile Construction Kit to Support Creativity, 
Playful Making, and Self-Expression. In Proceedings of the 14th International 
Conference on Interaction Design and Children (Boston, Massachusetts) (IDC ’15). 
Association for Computing Machinery, New York, NY, USA, 449–452. https: 
//doi.org/10.1145/2771839.2771883 

[33] Sarah Kettley. 2010. Fluidity in Craft and Authenticity. Interactions 17, 5 (sep 
2010), 12–15. https://doi.org/10.1145/1836216.1836219 

[34] Sarah Kettley. 2012. The Foundations of Craft: A Suggested Protocol for Intro-
ducing Craft to Other Disciplines. Craft Research 3, 1 (2012), 33–51. 

[35] Sarah Kettley. 2016. ‘You’ve got to keep looking, looking, looking’: Craft thinking 
and authenticity. Craft Research 7, 2, Article 21 (sep 2016). https://doi.org/10. 

https://doi.org/10.1145/3290605.3300552
https://doi.org/10.1145/3290605.3300552
https://doi.org/10.1145/2901790.2901888
https://doi.org/10.1145/2901790.2901888
https://doi.org/10.1145/1517664.1517743
https://blog.adafruit.com/2017/10/11/celebrating-10-years-of-the-lilypad-arduino/
https://blog.adafruit.com/2017/10/11/celebrating-10-years-of-the-lilypad-arduino/
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1007/s00779-007-0181-0
https://doi.org/10.1145/1357054.1357123
https://doi.org/10.1145/1858171.1858206
https://doi.org/10.1145/1858171.1858206
https://doi.org/10.1145/2362364.2362369
https://doi.org/10.1145/2362364.2362369
https://doi.org/10.1145/3290605.3300699
https://doi.org/10.1145/3374920.3374959
https://doi.org/10.1145/3374920.3374959
https://doi.org/10.1145/2466627.2466643
https://doi.org/10.1145/3313831.3376820
https://doi.org/10.1145/3294109.3295625
https://doi.org/10.1145/2858036.2858192
https://doi.org/10.1145/2858036.2858192
https://doi.org/10.1145/3196709.3196750
https://doi.org/10.1145/3290605.3300575
https://doi.org/10.1145/3290605.3300575
https://doi.org/10.1007/s00779-013-0684-9
https://doi.org/10.1145/3357236.3395443
https://doi.org/10.1145/3357236.3395443
https://doi.org/10.1145/3173574.3173656
https://doi.org/10.1145/2399016.2399117
https://doi.org/10.1145/3430524.3440642
https://doi.org/10.1145/3313831.3376841
https://doi.org/10.1145/3313831.3376841
https://doi.org/10.1145/1254960.1254971
https://doi.org/10.1145/3294109.3295636
https://doi.org/10.1145/3460421.3478827
https://doi.org/10.1145/3450741.3465265
https://doi.org/10.1145/3430524.3440640
https://doi.org/10.1145/1551788.1551791
https://doi.org/10.1145/3025453.3025887
https://doi.org/10.1145/2771839.2771883
https://doi.org/10.1145/2771839.2771883
https://doi.org/10.1145/1836216.1836219
https://doi.org/10.1386/crre.7.2.165_1
https://doi.org/10.1386/crre.7.2.165_1


Speaking from Experience: Co-designing E-textile Projects with Older Adult Fiber Crafers TEI ’23, February 26-March 1, 2023, Warsaw, Poland 

1386/crre.7.2.165_1 
[36] Bran Knowles, Vicki L. Hanson, Yvonne Rogers, Anne Marie Piper, Jenny Waycott, 

Nigel Davies, Aloha Hufana Ambe, Robin N. Brewer, Debaleena Chattopadhyay, 
Marianne Dee, David Frohlich, Marisela Gutierrez-Lopez, Ben Jelen, Amanda 
Lazar, Radoslaw Nielek, Belén Barros Pena, Abi Roper, Mark Schlager, Britta 
Schulte, and Irene Ye Yuan. 2021. The Harm in Confating Aging with Accessibility. 
Commun. ACM 64, 7 (June 2021), 66–71. https://doi.org/10.1145/3431280 

[37] Kate Laver, Stacey George, Julie Ratclife, and Maria Crotty. 2012. Measuring Tech-
nology Self Efcacy: Reliability and Construct Validity of a Modifed Computer 
Self Efcacy Scale in a Clinical Rehabilitation Setting. Disability and Rehabilita-
tion 34, 3 (2012), 220–227. https://doi.org/10.3109/09638288.2011.593682 PMID: 
21958357. 

[38] Amanda Lazar, Jessica L. Feuston, Caroline Edasis, and Anne Marie Piper. 2018. 
Making as Expression: Informing Design with People with Complex Commu-
nication Needs through Art Therapy. In Proceedings of the 2018 CHI Conference 
on Human Factors in Computing Systems (Montreal QC, Canada) (CHI ’18). As-
sociation for Computing Machinery, New York, NY, USA, Article 351, 16 pages. 
https://doi.org/10.1145/3173574.3173925 

[39] Amanda Lazar, Alisha Pradhan, Ben Jelen, Katie A. Siek, and Alex Leitch. 2021. 
Studying the Formation of an Older Adult-Led Makerspace. In Proceedings of the 
2021 CHI Conference on Human Factors in Computing Systems (Yokohama, Japan) 
(CHI ’21). Association for Computing Machinery, New York, NY, USA, Article 
593, 11 pages. https://doi.org/10.1145/3411764.3445146 

[40] Mackenzie Leake, Frances Lai, Tovi Grossman, Daniel Wigdor, and Ben Lafreniere. 
2021. PatchProv: Supporting Improvisational Design Practices for Modern Quilt-
ing. In Proceedings of the 2021 CHI Conference on Human Factors in Computing 
Systems (Yokohama, Japan) (CHI ’21). Association for Computing Machinery, New 
York, NY, USA, Article 500, 17 pages. https://doi.org/10.1145/3411764.3445601 

[41] Trevor HJ Marchand. 2017. Introduction Craftwork as Problem Solving. In 
Craftwork as Problem Solving. Routledge, 1–30. 

[42] Michael Massimi and Daniela Rosner. 2013. Crafting for Major Life Events: Impli-
cations for Technology Design and Use. In Proceedings of the 27th International 
BCS Human Computer Interaction Conference (London, UK) (BCS-HCI ’13). BCS 
Learning & Development Ltd., Swindon, GBR, Article 34, 6 pages. 

[43] Denisa Qori McDonald, Richard Vallett, Erin Solovey, Geneviève Dion, and Ali 
Shokoufandeh. 2020. Knitted Sensors: Designs and Novel Approaches for Real-
Time, Real-World Sensing. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 
4, 4, Article 145 (dec 2020), 25 pages. https://doi.org/10.1145/3432201 

[44] Janis Lena Meissner, Angelika Strohmayer, Peter Wright, and Geraldine Fitz-
patrick. 2018. A Schnittmuster for Crafting Context-Sensitive Toolkits. In Pro-
ceedings of the 2018 CHI Conference on Human Factors in Computing Systems -
CHI ’18. ACM Press, New York, New York, USA, 1–13. https://doi.org/10.1145/ 
3173574.3173725 

[45] David A. Mellis, Sam Jacoby, Leah Buechley, Hannah Perner-Wilson, and Jie Qi. 
2013. Microcontrollers As Material: Crafting Circuits with Paper, Conductive Ink, 
Electronic Components, and an "Untoolkit". In Proceedings of the 7th International 
Conference on Tangible, Embedded and Embodied Interaction (Barcelona, Spain) 
(TEI ’13). ACM, New York, NY, USA, 83–90. https://doi.org/10.1145/2460625. 
2460638 

[46] Jussi Mikkonen and Emmi Pouta. 2015. Weaving Electronic Circuit into Two-
Layer Fabric. In Adjunct Proceedings of the 2015 ACM International Joint Conference 
on Pervasive and Ubiquitous Computing and Proceedings of the 2015 ACM Inter-
national Symposium on Wearable Computers (Osaka, Japan) (UbiComp/ISWC’15 
Adjunct). Association for Computing Machinery, New York, NY, USA, 245–248. 
https://doi.org/10.1145/2800835.2800936 

[47] Victoria Mirecki, Juliette Spitaels, Karen Royer, Jordan Graves, Anne Sullivan, 
and Gillian Smith. 2022. “My Brain Does Not Function That Way”: Comparing 
Quilters’ Perceptions and Motivations Towards Computing and Quilting. In 
Designing Interactive Systems Conference (Virtual Event, Australia) (DIS ’22). 
Association for Computing Machinery, New York, NY, USA, 1035–1043. https: 
//doi.org/10.1145/3532106.3533554 

[48] Sara Nabil, Lee Jones, and Audrey Girouard. 2021. Soft Speakers: Digital Embroi-
dering of DIY Customizable Fabric Actuators. In Proceedings of the Fifteenth Inter-
national Conference on Tangible, Embedded, and Embodied Interaction (Salzburg, 
Austria) (TEI ’21). Association for Computing Machinery, New York, NY, USA, 
Article 11, 12 pages. https://doi.org/10.1145/3430524.3440630 

[49] Hannah Perner-Wilson, Leah Buechley, and Mika Satomi. 2010. Handcrafting 
Textile Interfaces from a Kit-of-No-Parts. In Proceedings of the Fifth International 
Conference on Tangible, Embedded, and Embodied Interaction (Funchal, Portugal) 
(TEI ’11). Association for Computing Machinery, New York, NY, USA, 61–68. 

https://doi.org/10.1145/1935701.1935715 
[50] Irene Posch, Liza Stark, and Geraldine Fitzpatrick. 2019. ETextiles: Reviewing a 

Practice through Its Tool/Kits. In Proceedings of the 23rd International Symposium 
on Wearable Computers (London, United Kingdom) (ISWC ’19). Association for 
Computing Machinery, New York, NY, USA, 195–205. https://doi.org/10.1145/ 
3341163.3347738 

[51] Jie Qi, Leah Buechley, Andrew "bunnie" Huang, Patricia Ng, Sean Cross, and 
Joseph A. Paradiso. 2018. Chibitronics in the Wild: Engaging New Communities
in Creating Technology with Paper Electronics. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems - CHI ’18. ACM Press, New 
York, New York, USA, 1–11. https://doi.org/10.1145/3173574.3173826 

[52] Jie Qi, Andrew "bunnie" Huang, and Joseph Paradiso. 2015. Crafting Technology 
with Circuit Stickers. In Proceedings of the 14th International Conference on Inter-
action Design and Children (Boston, Massachusetts) (IDC ’15). ACM, New York, 
NY, USA, 438–441. https://doi.org/10.1145/2771839.2771873 

[53] Mitchel Resnick, Fred Martin, Randy Sargent, and Brian Silverman. 1996. Pro-
grammable Bricks: Toys to think with. IBM Systems Journal 35, 3.4 (1996), 443–452. 
https://doi.org/10.1147/sj.353.0443 

[54] Jennifer A. Rode, Anne Weibert, Andrea Marshall, Konstantin Aal, Thomas von 
Rekowski, Houda El Mimouni, and Jennifer Booker. 2015. From Computational 
Thinking to Computational Making. In Proceedings of the 2015 ACM International 
Joint Conference on Pervasive and Ubiquitous Computing (Osaka, Japan) (UbiComp 
’15). Association for Computing Machinery, New York, NY, USA, 239–250. https: 
//doi.org/10.1145/2750858.2804261 

[55] Yvonne Rogers, Jeni Paay, Margot Brereton, Kate L. Vaisutis, Gary Marsden, and 
Frank Vetere. 2014. Never Too Old: Engaging Retired People Inventing the Future 
with MaKey MaKey. In Proceedings of the SIGCHI Conference on Human Factors 
in Computing Systems (Toronto, Ontario, Canada) (CHI ’14). ACM, New York, NY, 
USA, 3913–3922. https://doi.org/10.1145/2556288.2557184 

[56] Daniela K. Rosner and Alex S. Taylor. 2011. Antiquarian Answers: Book 
Restoration as a Resource for Design. In Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems (Vancouver, BC, Canada) (CHI 
’11). Association for Computing Machinery, New York, NY, USA, 2665–2668. 
https://doi.org/10.1145/1978942.1979332 

[57] Mia S. Shaw, Yasmin B. Kafai, Yi Zhang, GaYeon Ji, Renato Russo, and Ammarah 
Aftab. 2021. Connecting with Computer Science: Two Case Studies of Restorying 
CS Identity with Electronic Textile Quilts. In Proceedings of the 15th International 
Conference of the Learning Sciences (Bochum, Germany) (ICLS ’21). International 
Society of the Learning Sciences, 4 pages. https://doi.org/10.22318/icls2021.697 

[58] Rebecca Stewart, Sophie Skach, and Astrid Bin. 2018. Making Grooves with 
Needles: Using e-Textiles to Encourage Gender Diversity in Embedded Audio 
Systems Design. In Proceedings of the 2018 Designing Interactive Systems Confer-
ence (Hong Kong, China) (DIS ’18). Association for Computing Machinery, New 
York, NY, USA, 163–172. https://doi.org/10.1145/3196709.3196716 

[59] Lucy A Suchman. 1987. Plans and Situated Actions: The Problem of Human-Machine 
Communication. Cambridge University Press. 

[60] Vasiliki Tsaknaki, Ylva Fernaeus, Emma Rapp, and Jordi Solsona Belenguer. 2017. 
Articulating Challenges of Hybrid Crafting for the Case of Interactive Silversmith 
Practice. In Proceedings of the 2017 Conference on Designing Interactive Systems
(Edinburgh, United Kingdom) (DIS ’17). ACM, New York, NY, USA, 1187–1200. 
https://doi.org/10.1145/3064663.3064718 

[61] Jayne Wallace and Mike Press. 2004. All this Useless Beauty: the 
Case for Craft Practice in Design for a Digital Age. The Design 
Journal 7, 2 (2004), 42–53. https://doi.org/10.2752/146069204789354417 
arXiv:https://doi.org/10.2752/146069204789354417 

[62] Margaret Walsh. 1979. The Democratization of Fashion: The Emergence of the 
Women’s Dress Pattern Industry. The Journal of American History 66, 2 (1979), 
299–313. http://www.jstor.org/stable/1900878 

[63] Anne Weibert, Andrea Marshall, Konstantin Aal, Kai Schubert, and Jennifer 
Rode. 2014. Sewing Interest in E-Textiles: Analyzing Making from a Gendered 
Perspective. In Proceedings of the 2014 Conference on Designing Interactive Systems
(Vancouver, BC, Canada) (DIS ’14). Association for Computing Machinery, New 
York, NY, USA, 15–24. https://doi.org/10.1145/2598510.2600886 

[64] Jeannette M. Wing. 2006. Computational Thinking. Commun. ACM 49, 3 (March 
2006), 33–35. https://doi.org/10.1145/1118178.1118215 

[65] Clement Zheng and Michael Nitsche. 2017. Combining Practices in Craft and 
Design. In Proceedings of the Eleventh International Conference on Tangible, Em-
bedded, and Embodied Interaction (Yokohama, Japan) (TEI ’17). ACM, New York, 
NY, USA, 331–340. https://doi.org/10.1145/3024969.3024973 

https://doi.org/10.1386/crre.7.2.165_1
https://doi.org/10.1145/3431280
https://doi.org/10.3109/09638288.2011.593682
https://doi.org/10.1145/3173574.3173925
https://doi.org/10.1145/3411764.3445146
https://doi.org/10.1145/3411764.3445601
https://doi.org/10.1145/3432201
https://doi.org/10.1145/3173574.3173725
https://doi.org/10.1145/3173574.3173725
https://doi.org/10.1145/2460625.2460638
https://doi.org/10.1145/2460625.2460638
https://doi.org/10.1145/2800835.2800936
https://doi.org/10.1145/3532106.3533554
https://doi.org/10.1145/3532106.3533554
https://doi.org/10.1145/3430524.3440630
https://doi.org/10.1145/1935701.1935715
https://doi.org/10.1145/3341163.3347738
https://doi.org/10.1145/3341163.3347738
https://doi.org/10.1145/3173574.3173826
https://doi.org/10.1145/2771839.2771873
https://doi.org/10.1147/sj.353.0443
https://doi.org/10.1145/2750858.2804261
https://doi.org/10.1145/2750858.2804261
https://doi.org/10.1145/2556288.2557184
https://doi.org/10.1145/1978942.1979332
https://doi.org/10.22318/icls2021.697
https://doi.org/10.1145/3196709.3196716
https://doi.org/10.1145/3064663.3064718
https://doi.org/10.2752/146069204789354417
https://arxiv.org/abs/https://doi.org/10.2752/146069204789354417
http://www.jstor.org/stable/1900878
https://doi.org/10.1145/2598510.2600886
https://doi.org/10.1145/1118178.1118215
https://doi.org/10.1145/3024969.3024973


TEI ’23, February 26-March 1, 2023, Warsaw, Poland Jelen, et al. 

A REMOTE CO-DESIGN STUDY SUPPLIES 

Figure 14: Bagged conductive components included in the box, demonstrating how each component was individually bagged 
and labeled with a colored label. 
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(a) Miro Setup Session Template 

(b) Miro Session Template 

Figure 15: Miro was a digital whiteboard tool we used to take collaborative notes and draw together. (a) The testing area during 
the setup session with tasks listed. (b) The template Miro board. Each dotted line block goes with an activity we anticipated we 
might discuss via Miro. The images in the "Construction Area" were all the components and materials, which saved time taking 
pictures later. 



Planner Participants 

(a) P1: Snap-a-zoo (b) P2: Easter Bunny Interactive Children’s Toy 

(c) P3: Removable Interactive Lap Quilt (d) P4: Magic Question Answering Hat 
Improviser Participants 

(e) P5: Video Game Wall Hanging (f) P6: Light Up Memorial 

TEI ’23, February 26-March 1, 2023, Warsaw, Poland Jelen, et al. 

B PARTICIPANTS’ MIRO BOARDS 
In this section, we include screenshots of each participants’ Miro board, the digital whiteboard we shared with participants, collected at the 
end of Session 4 for each of their co-designed prototypes. 

Figure 16: Co-designed plans for the prototypes from the end of Session 3. Planner style participants often followed their plan 
fairly closely, but improviser style participants tended to deviate from their plan as they explored. 
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C PARTICIPANTS’ E-TEXTILE PROTOTYPES 
C.1 Planner Style Prototypes 
P1 was an expert in quilting and sewing projects on the far end of the 
planner spectrum. We built a "Snap-a-zoo" (Figure 7(a)), a children’s 
toy that could be snapped together to make various animals, such 
as a walrus or elephant. This was a project she recently started, 
but she restarted with felt and added in LEDs for the workshop. 
We planned to have diferent snap pairings light up diferent LEDs 
(Figure 16(a)). P1 followed the plan closely, lighting up the Snap-
a-zoo’s LED eye when snapped together in a particular way. She 
hid the electronics between two layers of felt. The researcher’s 
prototype had two LEDs for eyes that lit up when snapped together, 
and another set of snaps that would cause the eyes to alternate 
blinking. P1 primarily had difculties with a fnicky connection 
to her LED, which was the result of not tying it down well with 
conductive thread and she did not realize the conductive ribbon 
had a glue backing to hold it in place. 

P2 primarily quilted, but was also an expert in crochet and cross-
stitching. We co-designed an Easter Bunny Interactive Children’s 
Toy (Figure 7(b)) built on her quilting experience, particularly her 
use of appliqué techniques, which is a method for pasting or glu-
ing fabric shapes on top of other fabric. We planned to make it 
interactive by having outputs turn on when connected via snaps. 
(Figure 16(b)). P2 followed the plan closely, making both the bunny 
and egg removable via snaps, and light up when connected to the 
base. In the researcher’s prototype, the bunny is static, but the two 
interchangeable eggs snap into the basket – one lit up an LED with a 
potentiometer for control, and the other turned on a vibration board 
with a slide potentiometer. P2 primarily had issues with needing to 
remove the thread to completely redo a project, and we discussed 
better ways to fx issues (i.e., tying one thread onto another to fx a 
connection). 

P3 was a quilter with sewing experience who worked part-time at 
a local quilt store. Her Removable Interactive Lap Quilt for Children 
with Developmental Disabilities (Figure 7(c)) built on her extensive 
knowledge of quilting and sewing projects, especially given her 
part-time work. Her project also built on her previous career as 
a middle school special needs educator, since it was designed to 
soothe children who may be feeling distressed. We planned to have 
removable parts on one side and room for another interactive piece 

on the other (Figure 16(c)). P3 largely followed the plan, but decided 
to slip it inside a cover to protect the electronics more after she had 
made it. P3 crafted a vibration board with a battery on a separate 
piece of fabric that was covered by a pocket to make it easy to wash. 
The researcher similarly made a removable quilt square with a light 
up touch-sensitive smiley face made from conductive fabric and a 
button activated LED. P3 did not complete her prototype in time 
for Session 4, but fnished it afterwards once we answered some 
additional questions about how to use the buttons and vibration. 
When we later picked up her prototype, it did not work since she 
had made the mistake of connecting both sides of the vibration 
board to the positives of the battery. 

For a description of P4’s project, please refer to subsection 4.1. 

C.2 Improviser Style Prototypes 
P5 typically crafted small sewn projects and quilts, which was re-
fected in her choice to light up a video game "panel" – a piece of 
fabric with a pre-printed design on it, colloquially called "cheater’s 
cloth" by quilters – for her Video Game Wall Hanging (Figure 7(h)). 
Wall hangings are art pieces usually hung on the wall to be enjoyed, 
but not touched. During planning, we discussed a wide range of 
possible ideas for projects she could light up – a scarf, the sky in a 
Christmas panel, and a tree cross-stitch. We settled on co-designing 
a series of lights to light up a panel of some kind, but left open the 
possibilities of exactly what the panel would be (Figure 16(e)). She 
roughly followed that plan, but went further than we anticipated. 
P5 worked to add in all 13 LEDs in various places, but only two 
ended up partially working. The researcher’s prototype was in-
spired by P5’s prior work on a throw pillow with 4 scenes of a tree 
in diferent seasons – each sewn scene could be swapped out as the 
year progressed. The researcher made a tree with color changing 
LEDs that randomly changed between fall colors. One LED was 
powered by conductive fabric placed over the branches of the tree 
since P5 was interested in conductive fabric but did not know how 
it could be used. Once we were able to see P5’s prototype in person, 
the researcher determined there were too many LEDs attached to 
the same battery. It required too many fxes to do it quickly while 
we were there and would have required a complete overhaul to 
address. 

For a description of P6’s project, please refer to subsection 4.1. 
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D COMPONENTS USED DURING CO-DESIGN 

Table 2: List of components we discussed during co-design (D), we suggested to participants (S), and the ones included in 
Participants’ Prototype (P). 

P1 P2 P3 P4 P5 P6 
Item Name Cat. D S P D S P D S P D S P D S P D S P 
Light Sensor Input x x x x 
Temperature Input 
Touch Input x x 
Shake Input x x 
Color Detector Input x x 
Reed Switch Input 
Remote Receiver Input 
Slider Input x x x x 
Button 1 (LPA) Input x x x x x x x x x 
Button 2 (Small) Input x x x x x x x x 
Button 3 (Large) Input x x x x x 
Knob Input x x x x 
Bend Input x 
UV Detector Input x 
Remote Input x x 
Snaps Input x x x x x x x x x 
Lights 1 (LPA) Output x x x x x x x x x x x x x 
Lights 2 (Small) Output x x x x x x x x x x x x 
Lights 3 (Large) Output x x x x x x x x x x x x 
Color Changing Lts. Output x x x x 
Tone Output x x 
Vibration 1 (LPA) Output x x x x x x x x x 
Vibration 2 (Large) Output x x x x x 
Remote Signals Output x 
Motion Output x 
Number Display Output 
Battery 1 (2 AAA) Battery x 
Battery 2 (Small) Battery x 
Battery 3 (Medium) Battery x 
Battery 4 (Large) Battery x 
Coin Cell Battery Holder Battery x x x x x x x x x x x x x x x x x x 
Main Board (CPX) Board x 
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