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SUMMARY

Curiosity is an essential quality that is integral to the human experience and plays a
crucial role in fostering creativity and promoting engagement. By understanding how to
evoke curiosity through design, designers can leverage curiosity as a means to cultivate
exploration and strengthen engagement with their creations. One approach to evoking cu-
riosity through design is bringing conflicting elements together to prompt individuals to
seek deeper understanding of the underlying relationships and explore creative possibili-
ties between them. With this in mind, there is potential in uniting craft and technology,
two seemingly polarizing domains, to foster these behaviors. This work explores the juxta-
position of craft and technology through weaving to create speakers and investigates how
this juxtaposition can be utilized to ignite curiosity and lead a deeper engagement with
technology. Following a research-through-design approach, a material recipe and weaving-
based technique for speaker construction was developed. Utilizing the material recipe we
conducted a hands-on speaker weaving workshop with ten experienced makers to gather
insights on the implications and limitations of using craft and craft materials to build elec-
tronics. By integrating weaving methods and craft materials into the process of building
electronics, an acceptance of imperfection was fostered and curiosity was sparked, which
facilitated further exploration of technology. This thesis demonstrates the potential of jux-
taposing craft and technology in product design, offering new pathways for designers to

enhance user experiences with curiosity and engagement.
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CHAPTER 1
INTRODUCTION

In recent years, a growing number of artists, hobbyists, and design researchers have ex-
plored various ways to integrate crafting techniques into electronics fabrication. Lots of
prior work has demonstrated blending paper craft techniques [1, 2, 3] or textile-based tech-
niques such as sewing [4, 5, 6, 7], and weaving [8, 9, 10] in the process of creating elec-
tronics. By diversifying the materials utilized to build electronics, innovative tools and kits
that offer a welcoming entry point for building electronics have emerged [11, 12, 13]. This
diversi cation of materials also allows designers to play with the juxtaposition of craft and
technology, empowering them to explore new applications and contexts for technologies
[14, 15, 4, 16].

Designing products for meaningful presence, rather than solely focusing on functional-
ity and ef ciency, is equally important. Products can serve not only utilitarian purposes but
also aim to stimulate curiosity and provoke thought [14, 17, 18]. As the products around us
become “smarter” and more function driven [19], artifacts that encourage playful engage-
ment and open-ended exploration offer a refreshing opportunity to foster deeper engage-
ment with our surroundings. The ve main principles for evoking curiosity—novelty, partial
exposure, complexity, uncertainty, and con ict—highlight the importance of engaging de-
sign [20]. We hypothesize that juxtaposing, the act of intentionally combining contrasting
elements, craft materials and electronic components in design has the potential to promote
exploration of technologies. The goals of this thesis were to explore the implications and
constraints of integrating crafting techniques and materials in electronics development. It
speci cally examines how the juxtaposition of craft and technology can stimulate curiosity

and foster deeper engagement with technology through hands-on creation.



The main contributions of this paper include the development of a material recipe for weav-
ing speakers, insights gathered from experienced makers, and co-created artifacts. Product
designers can bene t from the novel approach to integrating electronics into traditional
crafting practices, inspiring them to explore new avenues for product development that pri-
oritize user engagement and creativity. Design researchers can nd value in the exploration
of mindful learning and the potential bene ts it offers for mental and emotional wellbeing,
opening up avenues for further investigation into the role of crafting in promoting holistic
development. Makers and educators stand to gain practical insights into designing STEAM
projects that bridge the gap between electronics and traditional crafts, offering a welcoming
entry point for individuals with diverse skill sets and backgrounds.

In the remainder of this thesis, we rst review the relevant literature as background.
Next, we describe the open-ended design space explored through a research-through-design
method. By employing research through making techniques and utilizing a showroom RtD
framework [21], we develop and present a series of woven speaker artifacts and a kit of
parts to encourage hands-on creative exploration. Then, we report a workshop we con-
ducted with a group of experienced makers applying the kit to understand design impli-
cations and limitations. This study revealed that utilizing a combination of craft materials
and electronic components to build technologies encouraged embracing imperfection, tak-
ing creative risks, and sparkling curiosity to explore different variations, techniques, and
applications. Finally, we conclude with a discussion of limitations and future research

directions.



CHAPTER 2
LITERATURE REVIEW

This thesis utilizes weaving as the main method for the exploratory construction process
and draws upon the emerging literature on crafting electronics using unconventional elec-
tronic materials, especially in the context of DIY speakers. The approach to making is
grounded in the principles of learning through making, also known as maker education,

with the aim of fostering curiosity for creative learning.

2.1 Weaving

Weaving is a textile art form in which two sets of threads, known as warp and weft, are
interlaced to create a fabric (Figure 2.1). The warp threads are vertically stretched on a
frame or loom, while the weft threads are passed horizontally through them. The most
basic weaving pattern is the plain weave, where each weft thread passes alternately over
and under each warp thread, creating a simple, tight-knit fabric. Looms are essential tools
in weaving, providing the structure for the process. Traditional looms include the simple
frame loom and the more complex treadle or harness loom, which allows for intricate pat-
terns [9, 22], offering a high degree of customization. Circular weaving involves using a
circular frame loom with warp threads stretched around it (Figure 2.1) and weft threads
woven in a spiral pattern [23].

Woven materials can be made from a variety of bers [22], each with its own unique
properties and colors. This variation in material and color allows for endless possibilities
in design and adds visual interest to woven items. In the context of building electronics,
this could mean embedding conductive threads or wires into the process of creating fabric
itself. This integration enables the creation of soft circuits, where the fabric acts both

as a structural form element and as a conductive pathway for intended functions. The
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Figure 2.1: Frame Loom and Circular Loom with Warp and Weft Call Outs

interlacing of bers or threads also creates a tactile texture that invites interaction and adds
to the visual interest of the woven materials. Because of its visual appeal, circular geometry,
which compliments the colil structure, and versatility in materials, weaving was chosen as

the craft that will be utilized in this study.

2.2 Crafting Electronics

Crafting electronics is the practice of creating electronic devices or projects by hand, often
integrating traditional crafting techniques with modern electronic components and tech-
nologies. Some examples of crafting techniques that have been explored include em-
broidery [6, 24], knitting [25], weaving [8] and woodworking [4]. Research in this area
has highlighted the educational bene ts of crafting electronics, showing how it can en-
gage learners in STEM (science, technology, engineering, and mathematics) elds through
hands-on experimentation and tangible outcomes [4].

Recent advancements in wearable technology have pushed for the development of soft
electronics that are thin and exible. One method of creating soft electronics is by develop-
ing “e-textiles”. Traditionally, textiles have been considered a medium that is independent

of electronic components. By integrating new materials and/or manipulating the woven



structure, textiles have successfully been converted into sensors that can receive inputs or
generate outputs. Screen printing is another common method that has been used in the
development of e-textiles. The most common materials integrated into fabrics for the de-
velopment of e-textiles are conductive threads (for sewing or embroidery) [24], conductive
yarns (for weaving, knitting and crochet) [25, 26], conductive ink (screen-printing), and
conductive ribbons (for weaving) [8]. Threads, yarns and ribbon allow for direct integra-

tion into the woven textiles. Conductive ink onto textiles has been used for more control
eliminating the constraints of weave direction. Examples of common sensors created with
these methods include pressure sensors, capacitive sensors, and strain sensors. Recently,
artists and designers have also explored these methods to integrate speakers into their works

[27].

2.3 DIY Speakers

Speakers exemplify the ubiquity of technology, as they can be found in an array of settings,
from our homes and cars to public spaces and even wearable devices [5]. Because of how
integral speakers have become in our daily lives, people have grown quite familiar with
them, making the presence of speakers almost unnoticeable. Beyond their utilitarian func-
tion of emitting sound, speakers also play a signi cant cultural and social role, particularly
when it comes to music. As the conduit through which we experience music, speakers
facilitate shared experiences, evoke emotions, and contribute to the formation of memories
and identities.

Despite how familiar people are with speakers, many are unaware of how the technol-
ogy actually works. A speaker is made up of three main components: the coil, permanent
magnet, and cone (Figure 2.2)[28]. The coil acts like a translator between the digital sig-
nal and the physical vibrations needed to generate sound. When an alternating current,
such as an audio signal, passes through a coil, an electromagnetic eld, proportional to the

strength of the current, is generated around the coil [29]. When the coil with owing cur-



rent is placed near a permanent magnet interference will occur between the two magnetic
elds, resulting in vibrations. The stronger the magnet or electromagnet, the stronger the

vibrations and the louder the speaker [28].

Figure 2.2: Fundamental Speaker Components

To amplify the vibrations and produce a speaker with more audible sounds, a cone is
added. The material of the cone is important in determining the characteristics of the sound
that will be produced. Different cone materials have different mechanical properties, which
lead to different responses to vibrations. These differences affect the overall auditory ex-
perience by changing characteristics of the sound such as: volume, tone color, and quality.
Aside from cost, factors that are considered in selecting a cone material are the stiffness,
weight, damping properties. A stiffer cone can result in clearer and more accurate repro-
duction of sound. A lighter cone can respond more quickly to changes, while a heavier one
may have more inertia and respond more slowly. Dampening allows for the cone to ab-
sorb energy, insuf cient damping can lead to sound distortion while too much can decrease
volume [30].

The technical simplicity of the speaker lends itself well to innovative approaches of

construction, such as soft speaker development and do-it-yourself (DIY) speaker kit ex-



ploration. Recent efforts to advance “e-textiles” and wearable technology have also kick-
started research in soft speaker development through embroidery [5], screen printing, and
weaving [27]. Unlike traditional rigid speakers, soft speakers are exible and provide the
opportunity to expand the potential applications of speakers to include wearables, soft ob-
jects, and soft furnishing. To obtain a exible and slim pro le, soft speakers are constructed
by attening the traditionally cylindrical coil into a 2D spiral shape. This conductive spi-

ral is then attached directly onto a thin membrane which takes the place of the cone and

ampli es sound when placed near a magnet (Figure 2.3).

Figure 2.3: Fundamental Soft Speaker Components

In addition to soft speaker development, the accessibility and versatility of speaker tech-
nology has also sparked interest in do-it-yourself (DIY) speaker kits among hobbyists and
has inspired artists to explore the integration of speakers into their works. DIY speaker
projects range from simple paper speakers crafted from everyday materials [31] to compre-
hensive speaker kits that provide all the components needed for assembly [32] (Figure 2.4).
Making a paper speaker is a common STEM activity that constructs speakers using basic
materials like paper, magnets, and copper wire, offering a low-cost and accessible intro-

duction to speaker construction for beginners. On the other end of the spectrum, more



technical DIY speaker kits provide more advanced users with the components and instruc-

tions needed to build high-quality speakers with professional-grade sound performance.

Figure 2.4: (A) Paper speaker kit [33] (B) KiwiCo Kinetic Speaker Kit [34] (C) C-Note
MT Bookshelf Speaker Kit [35]

2.4 Designing for Curiosity and Engagement

Curiosity is intrinsic to the human experience and has been a catalyst for driving innovation,
exploration, and personal growth [36, 37, 38]. Through the lens of curiosity, we question,
explore, and seek to understand relevant concepts, while creativity empowers self expres-
sion and problem solving [39]. Similarly, play is also a human trait that has shaped culture
and society [40]. As technology begins to take up more space in our lived environment,
designing technologies that foster experiences that are core to the lived human experience,
such as curiosity, creativity, and play, becomes important [17]. This perspective challenges
us to re-conceptualize technology as more than just a tool, but as a medium for enrich-
ing and enhancing the human experience. This thesis applies our understanding of human
desire for playfulness to re ect playfulness into the user experience of design artifacts.
There are ve main principles for evoking curiosity: novelty, partial exposure, com-
plexity, uncertainty, and con ict [20]. By strategically incorporating these principles into
design, products and experiences can be crafted to ignite curiosity, encouraging users to ex-

plore and engage with them on a deeper level. Novelty captures attention and draws users



in, while partial exposure leaves room for discovery, prompting further exploration to ||

in gaps in knowledge. Complexity invites interpretation and encourages users to delve into
the intricacies of the design, fostering a sense of engagement and discovery. Uncertainty
adds an element of surprise and anticipation, keeping users intrigued and eager to uncover
what lies ahead. Con ict sparks curiosity by challenging expectations and prompting users
to reconcile con icting experiences. The juxtaposition of craft and technology in the con-
struction and presentation of electronics echoes the principles of uncertainty and con ict,
pushing users to explore the boundaries between the familiar and the innovative.

Long term engagement and curiosity can be facilitated by allowing users to contribute
to the making process. Colloquially known as the “IKEA effect” [41], this psychological
phenomenon highlights individuals' tendency to place higher value in products they have
personally assembled or contributed effort to. This effect is the result of two distinct psy-
chological phenomena at play, effort-justi cation bias [42, 43] and the endowment effect
[44, 45]. Effort-justi cation bias describes the cognitive bias that occurs when individuals
place greater value in things they have spent more time and effort on. The endowment
effect focuses on the tendency of individuals to overvalue objects they own or feel a sense
of ownership towards. With this in mind, the IKEA effect highlights the powerful impact
of personal involvement and effort in shaping perceptions of value and satisfaction which

can be leveraged in design.



CHAPTER 3
METHODOLOGY

To understand how the juxtaposition of craft and technology can be utilized to ignite cu-
riosity and foster a deeper engagement with technology, we explored the use of one crafting
method to one actuator. The speaker was chosen as the actuator to be abstracted for this
study because of its technical simplicity and multi-sensory output. The ubiquitous nature
of the speaker also allows for a better understanding on how the newly integrated crafting
methods and materials in uences curiosity and engagement with technology. Weaving was
chosen as the craft to reconstruct the speaker. The techniques for circular weaving align
well with the structure of the coils while also providing the opportunity to integrate a wide
variety of craft materials for exploration.

The main objectives of this study were to develop a material recipe for weaving speak-
ers, generate a series or artifacts and gather insights on implications and limitations of
the juxtaposition of craft and technology in the making of electronics. To brie y summa-
rize, we employed a research-through-design (RtD) approach, research through making,
to develop a material recipe for weaving speakers. The material recipe was then used in
a workshop to generate co-created artifacts and gather insights. (Figure 3.1) illustrates a
model that outlines a high level overview of the methodology used for the study, mapping

out approaches used and research objectives.

3.1 Research through Design Approach

Research through Design (RtD) is a research approach that emphasizes the iterative nature
of design inquiry, where prototypes, experiments, and interventions serve as both artifacts
and instruments for investigation. RtD enables researchers to gain insights that may not

be accessible through traditional methods alone, fostering a deeper understanding of com-
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Figure 3.1: Diagram of methodology overview

plex phenomena and supporting the co-creation of knowledge with stakeholders [21, 46].
Material-led creative practices combine the creative process and expression through dif-
ferent materials and can be used to learn through making [47]. When investigating topics
around curiosity, RtD becomes a valid research method due to its ability to engage patrtic-
ipants in immersive and experiential activities that mirror the spontaneous and exploratory
nature of curiosity.

Through the RtD process, | initially focused on grasping the fundamental principles of
speaker construction and developed a material recipe based on this understanding (outlined
in section 3.2). Following this, | proceeded to create kits designed to facilitate workshops

with makers (detailed in sections 3.3.1 & 3.3.2).

3.2 Material Recipe Development

In Human-Computer Interaction (HCI) research, the term 'material recipe' is commonly
used when talking about a framework that outlines a structured approach and set of de-
sign parameters to recreate interfaces. Material recipes give designers and researchers the
information needed to ensure consistency across iterations and facilitate informed experi-
mentation. Although experimentation has been done with weaving speakers [27], no well
de ned approach for weaving speakers has been developed. Detailed documentation exists
on how to build a traditional speaker or how to embroider a soft speaker, however, these

approaches don't address all the nuances that are introduced to the speaker by the wo-
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ven structure. This thesis will employ a research-through-design (RtD) method, research
through making, in order to better understand these nuances through iterative prototype
development. Through this material led research, a material recipe for weaving speakers,
that enables a wide exploration of craft materials, was generated.

First, the basic construction of the woven speaker was de ned based on images of wo-
ven speakers and research on soft speakers [5]. Figure 3.2 illustrates a schematic drawing

of the proposed construction of woven speakers.

Figure 3.2: Construction of Woven Speaker

Based on the proposed speaker construction, the parameters for weaving a speaker were
outlined. These parameters fall into two distinct categories: basic parameters and aesthetic
parameters. The basic parameters stem from traditional and embroidered speaker design
parameters. These parameters play a signi cant role in the ef ciency of the speaker and
they include the permanent magnet, wire material, and wire gauge. The aesthetic parame-
ters mostly stem from weaving design parameters. These parameters de ne the dimensions
that can be explored to alter the nal look of the speaker and they include loom size, weave
pattern, warp count, warp materials, coil integration method, shape, and weft materials. All

these parameters are outlined in the table below.
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Table 3.1: Material Recipe Parameters

Next, the scope of exploration for each parameter was de ned. Because speakers with a
2D spiral coil are less ef cient than traditional speakers [48], the basic parameters were
de ned to optimize the ef ciency of the woven speaker. These decisions were guided by
the principles of electromagnetism, research in soft speakers, and knowledge on weaving
structure. For the permanent magnet, neodymium magnets were chosen because of their
high magnetization [5]. When designing a 2D spiral coil for a speaker, there are several
variables that determine the strength of the electromagnetic eld that is produced; these
variables are outlined in the equation derived in (Appendix A). The more conductive the
coil is, the more ef cient it will be. Two variables that determine the conductivity of the
coil are material and thickness. Copper threads have been proven to work well to embroider
speakers because of their high conductivity [5], however, to ensure that the wire does not
short while weaving, we opted for a ceramic coated copper wire for prototype development.
Weaving provides the exibility to explore the integration of thicker materials that could
not be used for embroidery. Thus providing the opportunity to optimize the wire gauge for
the coil to produce the best sound quality and weaving experience. Three gauges of wire
(28, 30, 32 AWG) were tested to nd the optimal size that would yield the best sound while
remaining thin enough to weave comfortably with.

The scope of exploration for the aesthetic parameters were de ned based on weav-
ing design parameters and research on embroidered speakers. The size of the loom was
designed to be large enough to weave a coil to the optimal diameter. Based on the coill
diameters explored in soft speaker research it was determined that the loom diameter had

to be at least 2 in [5]. To allow for a little more creative freedom the diameter of the loom
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was set to 2.5 in. To ensure the most ef cient weaving process and maintain the integrity
of the coill, the plain weave pattern was utilized. The plain weave is one of the most fun-
damental weaving patterns that consists of the weft going over one warp thread and under
the next.Other weave patterns could also be explored but they would take longer or would
require more warp threads to de ne the pattern.

The diameter of the colil also changes the strength of the electromagnet. The coil de-
signs that were tested in soft speaker research, it was determined that a coil with at least 20
turns within a diameter of two inches have effective results [5]. Based on this information
two methods for integrating the coil into the woven membrane were explored. Method 1
consists of creating a tight coil with 25 turns and a diameter of .7 in at the center of the
weaving. Method 2 consists of weaving both the coil of 25 turns and non-conductive thread
at the same time, resulting in a spaced out coil with a diameter of 1.15 in. Inspired by other
soft speaker research [5], the shape of the weaving was brie y explored. Utilizing the op-
timal basic parameters, two woven speaker samples were made, one on a small rectangular
frame loom and the other on a circular loom. Instead of a spiral structure for the coll, the
rectangular weaving yielded a zigzag coll structure.

The materials to be explored for the warp and the weft are also de ned. The warp ma-
terial plays a role in the overall sound quality of the speaker as it ultimately becomes a part
of the membrane that will be vibrating. We avoided lighter porous materials for the warp to
ensure that the vibrations could be translated most effectively. Additionally, stronger ma-
terials were chosen to be tested to ensure that the warp could handle the weaving process.
With this in mind we chose to explore cotton embroidery thread and nylon beading thread
as materials for the warp. The weft material affects the nal aesthetic of the speaker and
also plays a role in the overall sound quality of the speaker. Five materials were identi ed
for the weft material exploration. Common craft or DIY materials were strategically cho-
sen to emphasize juxtaposition between craft and technology. The materials explored were

embroidery thread, brushed acrylic yarn, non brushed acrylic yarn, plastic bags (polyethy-
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lene), and discarded chip bags (aluminum laminated with polypropylene).

Table 3.2 summarizes how each parameter was explored to develop the material recipe.

Table 3.2: Dimensions of Exploration for Woven Speaker Parameters

3.3 Workshop Methodology

The workshop was designed utilizing a showroom RtD framework [21] to allow for hands-

on interaction, co-creation of woven speakers, and feedback to be generated through a
dialogue between users and the designer. This framework stems from traditional design
practices and consists of creating staged environments where designs and prototypes can
be present, experienced and evaluated by users. The showroom setting allows for hands-on
interaction, co-creation, and feedback gathering in a controlled yet immersive environment.
The objective of this workshop was to gather insights from experienced makers on the po-

tential of the juxtaposition of craft and tech and obtain artifacts. Research conducted in this
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manner often yields qualitative and experiential data such as user feedback, impressions,

and insights.

3.3.1 Kit Design

To provide an enhanced experience, two kits were developed for weaving a speaker. The
kits, shown in Figure 3.3, were designed to display the design of the woven speaker, en-
hance the stability, and compliment the woven aesthetic. The design of the kits also consid-
ered user convenience and were designed to be laser cut and easy to assemble/disassemble.
The nature of the laser cut designs allows for the opportunity for further customization,

exploration, and even branding.

Figure 3.3: (A) Assembled kit A (B) Assembled Kit B (C) Kit B disassembled

Kit A is made out of chipboard and consists of the frame, stand and housing. The
frame is designed to be ready to weave with 9 pre-threaded warp threads and has extra
material around the edges to make it easy to handle while weaving. The housing is marked
with a circle to indicate where to adhere the magnet. When the housing is folded up and
connected to the stand piece, a channel is created that allows for the woven frame to slide
in and remain propped up and ready to play.

Kit B is made out of acrylic and provides another option to explore a different aesthetic.
This kit consists of the frame, the stand and magnet plate. Like the frame in kit A, the frame
in kit B is also designed to be ready to weave with 9 pre-threaded warp threads and extra
material to make it easy to handle while weaving. The magnet plate has an etched marking

that indicates where the magnet should be adhered. Once the speaker is woven into the
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frame, the kit is assembled by simply ghting the magnet plate and frame into the slots on

the stand.

3.3.2 WorkshopProcedure

Under IRB protocol, a speaker weaving workshop was conducted with a group of makers
to gather insights. The objective of this workshop was to gather insights that examined the
limitations and implications of this juxtaposition in inspiring curiosity and exploration of
technology through hands-on creation.

For the workshop, a total of ten participants were selected based on results from a re-
cruitment survey. The participants that were selected had completed at least two crafting
projects in the last year. Their crafting skills included: weaving, sewing, knitting, crochet-
ing, jewelry making, and leather work. Of the participants, 5 were male and 5 were female,
and their ages ranged from 23 - 40. The recruitment was primarily conducted through di-
rect outreach to individuals with similar interests. This was then supplemented by asking
these individuals to identify and refer to other potential participants who meet the criteria
for inclusion. To encourage participation a 15 dollar stipend was provided to those who
attend the workshop.

The workshop agenda comprised several structured activities including a hands-on ac-
tivity of weaving their own speaker, group discussion, and a short online survey. The total
duration of this workshop was approximately 2 hours. The agenda for the workshop is as

follows:

* (10 min) Introduction
* (5 min) Material Selection
* (5 min) Speaker Weaving Demonstration

* (30 min) Weaving
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