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ABSTRACT  

THEORETICAL  LANDSCAPES  

This paper describes the Penelope Loom, a device that
explores the relationship between weaving and computing
from an embodied and material perspective. It details the
origins and precedents of the project, its implications for
technology studies, and the design process.
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INTRODUCTION  

The Penelope Loom intertwines weaving, computing, and
embodiment. The loom detects and visualizes the user’s
heartrate through a circuit that exists in the threads of the
loom itself. As the user weaves, the act of weaving interacts
with the circuit, causing the visualization of the user’s
heartrate to glitch. The interweaving of circuit, woven
structure, and biometric data asks questions about labor and
the human body in relationship to weaving and computing
technologies. It attempts to tease out the way that digital
technology’s history haunts its present forms, and questions
the dominant metaphors of computing.
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This project has three seeds. The first took root when I was
reading about recent developments in biotechnology –
specifically, about scientists who had successfully
represented bits using the activity of living cells. I
wondered about the implications of this – is a living,
biological bit even still a bit? How does this new material
or matrix actually alter the definition of a bit? I began
thinking about the different ancestral matrices and their
attendant metaphors of digital technology, such as textiles
and the oft-cited Jacquard loom. What is the material
genealogy of computing?
The second seed of the project appeared when I was
listening to Katherine Moriwaki talk about the difficulty
that static electricity and electrical noise posed for one of
her large-scale e-textiles quilting projects. She spoke about
how this material property of fabric created unique
limitations for the material as a digital object by interfering
with circuitry. I wondered what it would look like to treat
the electricity within a textile not as “noise” to be filtered
out, but as material to be sculpted. What might I learn about
weaving as an ancestor to computing by exploring the
electrical materiality of textile?
The third and final seed emerged when I was reading
Stephen Monteiro’s Fabric of Interface, which discusses in
detail the relationship between weaving technologies and
computing technologies from a historical, material, and
labor perspective. Monteiro’s text added a crucial element,
the consideration of labor relationships across the textile
and circuit industries, to my thinking. What are the added
stakes of this material and genealogical inquiry if the

human body is so intimately involved? How does the
relationship between textile and digital forms become more
urgent when our own bodies are implicated?
Material  Histories  

Weaving and computation are related both materially and
societally, from the invention of the Jacquard loom to the
present day. As Monteiro argues, “The Jacquard
apparatus’s contributions to digital architectures and
industrial management are inextricable. Together they
establish computing’s epistemological and material
dependence in the social and economic consequences of the
historical relationship between gender and labor.”i
Materially, woven technologies have influenced computing
far beyond the programming structures of the Jacquard
loom. Industrial and handweaving practices cross-fertilized
the computing manufacture industry, from the woven
magnetic core memory developed in the 1950s to the rope
memory of the 1960s to the capacitive mesh of modern
touchscreens. The material similarities between industrial
weaving and computing manufacture are so strong that
Raytheon Corporation, the company that developed the
rope memory system for the Apollo moon landing,
employed “retired or laid-off women textile workers” from
the New England textile industry as “memory weavers” to
construct the core memory for the moon landing.ii
Embodied  Histories  

As the story of the Apollo “memory weavers” suggests, the
history of weaving and computing is just as much a history
of labor and gender. Both the textile industry and the
computing industry historically relied (and continue to rely)
upon the underpaid labor of working class women. The first
computers were women working in military contexts; as
Wendy Chun has noted when referring to the “ENIAC
girls” of World War II, “programming became
programming and software became software when the
command structure shifted from commanding a ‘girl’ to
commanding a machine.”iii The human body has been both
placed and displaced within the mechanisms of weaving
and computing industries. Monteiro notes that the rhetorics
of modern touchscreen interfaces elide the elements of
human labor in their construction, even as the gestures of
operating a touchscreen evoke the repetitive motions of
assembling it. He writes, “the labor of assembly is seen as
tedious and menial, the labor of use is framed in fantasies of
liberating performance.”iv To bring weaving and computing
together in a critical way, then, also means an interrogation
of where the body appears and is disappeared in relation to
these technologies – both the body of the user and the body
of the laborer.

E-Textiles to exist. For an industry whose roots are so
deeply intertwined with textiles, electronics have
requirements that seem antithetical to the form of textiles –
their hardness, the weight and size of batteries, and the
previously mentioned static electricity. So what does it
really mean to attempt to bring these forms together in an
organic way. Could there be an alternative “soft” evolution
of computing, following the material properties of a textile?
How would that change the metaphors of computation?
DESIGN  AND  FABRICATION  

The Penelope project began with the intention of using
electrical noise in a fabric that is being woven as the focal
material of the piece. Possible avenues of pursuit that
interested me were glitches, hauntings, and interference.
After researching the history and reading Monteiro’s Fabric
of Interface, I decided that labor and embodiment also
needed to be part of the stakes of the piece. The final design
is for a table loom approximately 1.5 feet wide by 2 feet
long, attached to a pulse sensor at the front where the user
sits. The loom is hooked up to a computer that visualizes
the data from the pulse sensor.
The  Loom  

Penelope features a rigid heddle reed that serves both to
space out the threads and open the sheds. The loom also has
front and back bars so that the weaving can be advanced.
This means that multiple users can do significant blocks of
weaving while the piece is on display. The reed also has
conductive contacts on its left edge so that the loom can
detect when the sheds are opened and closed. This allows it
to approximately detect when the user finishes a row.

Current  Landscapes  of  E-Textiles  

The modern E-Textiles industry relies on the shrinking size
of electrical components, and innovations in the industry
are made in efforts to get away from the “traditional”
hardness of computing and circuitry. The developments of
conductive thread and electrical components small enough
to use in sewable “soft circuits” have allowed the world of
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The  Warp  

There are three sections of conductive yarn spaced evenly
throughout the warp – one at each selvedge, and one in the

center. Each section connects to one cable of the pulse
sensor on the front bar of the loom, closest to the user. The
conductive yarn used in the warp is 100% steel fibers,
which conduct a good, strong signal for the pulse sensor.
The  Weft  

The weft is composed of a nonconductive medium weight
cotton yarn. Originally, I intended to use conductive yarn in
the weft to create the glitching effect of the visualization.
However, while testing several different conductive yarns
and threads, I found that any conductivity in the weft – even
with low conductivity, high resistance materials –
threatened to short out the circuit. During my final tests, I
found that the act of weaving naturally creates interference
in the signal as the conductive warp is moved and stretched
by the motions of opening the shed and beating.
Accordingly, the composition of the weft is not critical, and
can be any nonconductive yarn.
The  Visualization  

The visualization on the computer screen is generated
through Processing, connected to Arduino via serial
communication. The visualization displays both the user’s
heartrate and the progress of the weaving. Their heartrate
displays on the x-axis, moving from left to right over time.
The weaving progress moves along the y-axis in an upward
direction over time. It crosses from the left to right side of
the screen each time the contacts on the reed detect that the
user has finished a row. The graph along the y-axis thus
follows the path of the weft thread through the weaving as a
function of time.
Together, the heartrate and progress visualizations “weave”
together on the screen. They were designed to generate a
unique digital textile that marks the user’s time with the
installation: with their biometric data gathered by the
sensor, with their rate of production of fabric, and with the
unique interference glitches caused by their weavings on
the circuit.

These images depict a haunting of the digital substrate by
its textile ancestors. There is something uncanny about
seeing biometric data mediated in a way that makes it
almost unrecognizable. It stops being one-to-one data and
becomes data that is about something else. This
transformation evokes Marisa Parham’s comments on data
visualization that “elicits a sense of truth and evidence
while simultaneously demonstrating nothing. It is
suggestive because we are left to imagine the histories
fanned by those dark wisps.”v We might say that these
images are data that can no longer pretend to be pure
representations, but are rather revealed to be simulations –
subjective and deeply material in nature. There is a
generative nature to these images that may allow us to think
more deeply about digital materiality in the context of
computing history and biometrics.
CONCLUSION  

Penelope offers a material experience that may be one lens
for examining the relationship between weaving,
computation, and the human labor from an embodied and
material perspective. Penelope attempts, on one hand, to
explore what happens when textiles and electronics exist
more intimately and less apologetically than the current
industrial landscape of E-Textiles allows them to do. This is
a perspective informed by the intimacy of their history. But
Penelope also hopes to create a user experience in which
the body as a material element of weaving and computing
processes can be felt and valued. It attempts to make human
labor – a necessary ingredient for these kinds of
construction – part of both the outcome of creation and
something that feels at stake in the process. How might we
feel more precious about our bodies when we are watching
the material product of our hands cause the disruption of
our biometric data? The valuation of human data might be
an important takeaway in future iterations of the project,
alongside the valuation of human labor.
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REFLECTIONS  

In practice, after testing the final prototype, I found the
visualizations far more evocative than I had imagined.

