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ABSTRACT
While much work is underway within the context of posthuman
design, this research is often described from a dominantly human
perspective. It rarely accounts for the creative capacities of non-
humans in design, such as materials, tools, and software. There
is a need to further engage with posthuman theories conceptu-
ally, materially, and methodologically. We approach this challenge
through Ron Wakkary’s concept of repertoires: actions the human
designer can take to increase participation of nonhumans in de-
sign research practice. This paper reports on potential repertoires’
development by exploring three approaches from outside of HCI:
describing the landscape, noticing, and translations. We use these
methods to account for weaving events that the first author was
engaged in. Through critical reflection of these accounts, we con-
tribute three repertoires and an example of applying the theoretical
framework of Designing Things.
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1 INTRODUCTION
HCI and design researchers are increasingly seeing limitations to
human-centeredness in design. As a result, they are turning to-
ward new explorations that emphasize the need to see design and
computing within a broader set of more-than-human relations and
values. In this shift toward posthumanism, related theories and
philosophies have long pointed out the need to decenter the hu-
man toward more ecological, porous, and relational understandings
[4, 6, 8, 13, 52, 53, 78, 110]. In design, this challenge falls to the
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human designer. It requires design practitioners to rethink one’s
relations–critically and introspectively–tomethods, tools, materials,
and practices.

This challenge of decentering the human in design practices
has not gone unnoticed in design research [27, 36, 60, 71, 104].
Taking a thing-perspective [12, 45, 60, 87, 113] as a strategy to
oppose human-perspectives, opens the possibility for nonhuman
participation, and resonates with other decentering techniques
like noticing [72, 76, 109] troubling [31, 39, 52, 66, 105] and car-
ing [5, 38, 56, 61, 75]. While there is a growing body of design
work drawing from posthuman literature, the design processes
themselves are often still described from a dominantly human per-
spective and intent that rarely account for the creative capacities
of nonhumans such as materials, tools, and software. This is not to
argue that human subjectivity disappears, but rather a posthuman
subjectivity arises that is interdependent and interconnected with
nonhumans [8]. How can we engage with posthuman discourse
both conceptually and materially in a material practice like de-
sign? What are the challenges of escaping human-centeredness–or
moving toward posthuman subjectivity–as a human designer?

Ron Wakkary, in his book Things We, Could Design for More
Than Human-CenteredWorlds, outlines a more-than-human design
practice that he calls design-with [111]. Wakkary, motivated by the
unsustainability of human exceptionalism and the real impact of the
Anthropocene and climate change, argues for a rethinking of design
that displaces the human at the center of thought and action to act
interdependently with nonhumans. Toward that end, he describes
the designer as an assembly of humans and nonhumans. He sees
the immediate challenge in a posthumanist design of developing
repertoires: actions that human designers can take to enable nonhu-
man participation in designing things. Wakkary offers examples of
starting points, such as Anna Tsing’s art of noticing [109], Vinciane
Despret’s reframing of research questions [16], Donna Haraway’s
multi-species kinships [51], and Bruno Latour’s representations
and translations of soil [65]. He argues that approaches like these
could be further developed and experimented with to be mobilized
within a practice of design-with. This paper takes on this challenge
to explore strategies and actions that enable the participation of
and collaborations with nonhumans. We do this through critical
self-reflections of first-person accounts–or stories– of events from
our design research.

In this paper, we propose potential repertoires. We investigate
a series of weaving events across two ongoing design research
projects. We draw from two of the posthuman anthropological ap-
proaches cited earlier and add a third: 1) landscape ethnography,
drawing from Laura Watts [114], 2) noticing, as per Anna Tsing
[109], and 3) translations, building on Bruno Latour’s circulating
references [65]. We explore their potential as a repertoire for design
by guiding our focus in our active reflections on the weaving events.
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In our findings, we discuss the results of our experimentation with
each of these approaches and the degree to which each accounted
for, enabled, or increased the participation of nonhumans. As such,
our research question is:What is the potential of the anthropolog-
ical methods of landscape ethnography, noticing, and translations
to develop actions for the human designer to increase nonhuman
participation?

This paper provides concrete examples of design-with as per
Wakkary’s definition, thereby contributing to HCI and design an
example of methods for design-with that positions itself as a more-
than-human practice. This is an important contribution for both
researchers working in the field of more-than-human design [72,
75, 84, 96, 99] as well as those exploring thing-perspectives [10, 100,
102, 113] and material driven design research [49, 67].

2 METHODS OF POSTHUMANIST DESIGN
HCI has developed an interest in the Anthropocene, more-than-
human worlds, entanglement theories and posthuman design [36,
37, 40, 47, 72–75, 84, 96, 99]. Posthumanism is a branch of theory and
philosophy that de-prioritizes the human as the center of knowledge
and being in the world and aims to open to more porous, blurry
boundaries. The term more-than-human was used by ecologist and
phenomenologist David Abram to draw attention to the many
nonhumans that preceded humans and now share the earth with
humans. He also called for a new humility on the part of humankind
to recognize how these more-than-humans are in community with
humans and exceed human understanding [1]. Posthumanist and
more-than-human design can thus include plants, animals, and
micro-organisms. Still, as we will argue, it also includes design
practice’s things, materials, processes, and tools.

The notion of decentering the human within design and HCI,
or making space for nonhuman perspectives, was an early articu-
lated concern [27, 37, 104], yet this is no simple task. For example,
Disalvo and co-authors speculate on the deep commitment it will
take to overcome anthropocentrism: “This momentary overcoming
of anthropocentrism requires us to imagine the world anew and
involves imagining movement outside of our own patterns, outside
of things like being bipedal. [. . .] Ultimately, it involves our over-
coming the narrative fallacies and rationalizations that we use to
place ourselves at the top of a chain, and instead placing ourselves
in a web in which the components are impossible to isolate from the
whole” [27:433]. The notion of more-than-human design has since
been considered from a wider lens, including, for example, sustain-
ability [7, 72, 75, 99], human-food interaction [11, 96], and everyday
practices [62]. As we will argue in this paper, design practice itself,
with its tools, materials, methods, and processes, is a practice that is
already entangled with the more-than-human world. Our interest
in posthumanism is in this notion of decentering the human as the
center of control of events and relations in designing and bringing
to the fore such materials, tools, processes, and other nonhumans
that have a say equal influence in design outcomes.

Laura Devendorf’s Redeform / Being the Machine is one example
that aims to redistribute agency and control away from the human
within creative practice [23, 24]. Redeform is a portable digital fab-
rication system technically similar to 3D printing techniques. The
system visualizes G-Code instructions into a laser point across a

path and allows the maker to go through these points step by step.
This system allows for flexibly working with 3D printing technolo-
gies and invites material and situated engagements. Devendorf and
co-authors reflect on the actual product of Redeform as “the process
of labor co-performed by human and nonhuman makers” [20:177].
In another example, Cyn Liu and co-authors set out to investigate
how theories of nature-culture, the co-construction of nature by
culture and vice versa, translate to material design practice [73, 74].
The authors examine the decomposition process and apply it to
ceramics to give space for the agency of nonhumans. The authors
encourage designers to be more willing to “listen, observe, and
respond to what nature has to say, as well as learning to be vulner-
able and amazed in the design process” [74:612]. There is a larger
body of work focusing on enabling material expressions in design
[90, 92], including aspects beyond human control such as breakage
[58, 59] and traces [46]. There have also been suggestions within
design research to understand and make space for the perspec-
tives of nonhuman things [10, 12, 45, 100]. While these works are
valuable and allow for the human imagination to stretch towards
thing-worlds, it is vital in these instances to acknowledge what
our human framings limit us to know [112]. There is a need for
a more significant narrative shift that pushes material expression
into participation, which accounts for the voices of nonhumans of
design that do not explicitly serve human goals. Decentering the
human, as a human, is challenging work and requires challenging
self-reflection. In their auto-ethnographic work on birdwatching,
Biggs and co-authors make precisely this point and frame the expe-
rience of doing so through the concept of abjection – the necessary
rejection of parts of the human self and the conflict this creates
about being in the world [99].

More broadly, within more than human and posthuman design
research, approaches to work with nonhumans have included notic-
ing, drawing from anthropologist Anna Tsing, and designing the
tools to do so [11, 72, 76]. In another strand of research, the design
of wearables or prostheses enables design researchers to experience
nonhuman external events or to become part of the technology
[7, 23, 30]. Researchers have also engaged in material engagements
that look at framings such as decomposition, salvage fabrication,
and making kin (as per Haraway) with materials [25, 26, 74]. Within
these material engagements, there is a strand connecting with first-
person approaches in which researchers are adopting positions
that are open to sensing materials in new ways [41]. Lastly, there
have been explorations of probe-like artifacts within these works
to understand nonhuman agencies and participation [7, 99]. The
work presented in this paper draws on these approaches. It ap-
plies first-person research that is on the lookout for nonhuman
agency and investigates the more profound narrative work that
needs to go along with such methods. First-person approaches offer
opportunities for rendering design researchers capable of asking
questions differently and are well suited for design work given
their commitments to situated research, unique standpoints, and
critical self-reflection. However, within a posthuman framing, the
dominance of the human voice (in data collection, analysis and
documentation) doesn’t sit so well and needs critical navigation to
ensure the inclusion of non-humans.
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As a final point, we see the summarized methodological commit-
ments as combined: design is first-person and is more-than-human
centred as a material practice.

3 DESIGNING THINGS: THE SPEAKING
SUBJECT, CONSTITUENCIES, AND
REPERTOIRES

In this section, we elaborate on Wakkary’s conceptualization of
more-than-human design. While other theoretical approaches chal-
lenge human-centeredness in design, such as ontological design
[33, 115] and Redström and Wiltse’s Changing Things [101], we
chose to work with Wakkary’s framework as it addresses the chal-
lenge of the human designer more squarely within a posthumanist
understanding. This is well suited for our research question as it
speaks directly to actions that the human designer can take.

Wakkary conceptualizes a posthuman reworking of design he
calls design-with. This work aims to articulate a practice of design-
ing things in which humans are neither central nor exceptional
but are ecologically interdependent and humbled. He asks what
it means to design for more than human-centred worlds, to think
past human-centred design and its underlying humanist assump-
tions? In his rethinking design, the assumption of the designer as
exclusively human is abandoned [111]. Instead, the designer is seen
as an assembly of humans and nonhumans. Wakkary proposes
four sensemaking terms: the designer as biography, the designer as
force, and the designer as speaking subject and constituencies. Here,
we focus on the notion of the designer as a speaking subject that
refers directly to the unique capability of the human designer to
speak in amongst muted nonhuman designers. In Wakkary’s view,
this capacity comes with a responsibility for human designers: to
represent those non-speaking nonhumans with which they are in-
terconnected and assemble themwithin what he calls a constituency.
Therefore, the speaking subject has two essential roles: 1) speak-
ing on account of the human and nonhuman assembly that is the
designer; 2) and convening a constituency.

The concept of the constituency is like an expanded version of
design practice, however, one that is actively inclusive of the in-
evitable politics of designing things that shape the world or what
Bruno Latour calls thingpolitics [64]. A constituency is a gathering
or “the assembly of humans and nonhumans from which designers
of things are gathered to go on to design things and form biogra-
phies” [111:120]. He makes the comparison to a kitchen in which
humans are gathered with nonhumans like food ingredients, cook-
ing utensils, pots and pans, and recipes and political commitments
are made such as veganism, non-GMO, ethnicity, histories all before
a cook cooks a meal or in designing things: before a designer de-
signs a thing. Through all this, the constituency becomes a specific,
unique assembly. For design research, the constituency may include
design tools such as paper and pencil, post-it notes, software such
as Miro, Adobe’s creative suite, machines such as laser cutters, 3D
printers, jacquard looms, people such as members of the design
team, university staff, external collaborators, materials such as ce-
ramics, wood, fabric, external events such as conference deadlines,
pandemics, and time-zones. The speaking subject is a member of
this constituency and has a unique and active role as a convener,
bringing together all the elements of the constituency. In what can

be understood as a form of infrastructuring, the speaking subject
attends to the constituency in constructing and maintaining it, from
which the designing of things can happen. Important to note for
our work is that it matters how this convening, constructing, and
maintaining takes place.

As proposed in the book, the term repertoires point to processes
of the designer and the constituency by the speaking subject aimed
at committing to the participation of nonhumans. How can the
speaking subject speak on behalf of the human and nonhuman
assembly known as the designer and attend to, construct and main-
tain the constituency? Wakkary identifies the need to develop these
repertoires further so that nonhumans can be “more present, more
participatory, more cared-with and lively within constituencies”
[111:229]. This is a collaborative effort in which the actions of the
speaking subject are focused on aiding the formation of designers:
“there is a need to learn more about how to speak-with, participate-
with, and care-with at the level of the constituency. We need to
invent ways to recruit, maintain, and attend to the relations or
the mass of things that form the constituency” [111:230]. Wakkary
offers starting positions or attitudes for the human designer, such
as acting from a position of not-knowing, in contrast, to design as
problem-solving, horizontality, a move to equalize and be alongside
nonhumans and transmogrification, a shift in understanding the
human self, often as an effect of either of these two moves that
further emphasizes the porous boundaries of posthumanism. We
elaborate further on these in our discussion (see 7).

This paper investigates repertoires that help us see what is being
gathered as designers and how they should gather. This helps us un-
derstand who is designing and how the constituency was attended
to and followed through on the commitment to be inclusive and
participate with nonhumans.

4 METHODOLOGY: DESIGN AS KNOWLEDGE
MAKING

Within HCI, designed things have been proposed as a contribution
in itself [86], as ways of doing philosophy through design [32, 54],
making trouble or problems through design [31, 43, 105] as well as
fabulations and amusements [18, 103]. As the field is more broadly
accepting types of design and the questions it can inquire into [91],
recent works have also pulled focus from the outcomes and fin-
ished objects of design research to include its processes as forms
of knowledge-making [15, 43, 55]. These works provide a more dy-
namic and process-oriented perspective on the knowledge-making
that can happen through designing. The development of repertoires,
collaborations with non-speaking nonhumans, and design research
documentation generally do not involve participants or other peo-
ple and thus rely on critical self-reflection. The work presented in
this paper does not include user studies, deployments, or interviews.
As such, this research can be considered first-person. First-person
research prioritizes researchers’ first-hand experiences as knowl-
edge inquiry. A range of first-person approaches is emerging in HCI,
including autobiographical design [14, 83], micro-phenomenology
[97], design memoirs [17], and more. These approaches are de-
scriptive at a level of granularity that reveals mundane, intimate,
and otherwise overlooked aspects of design practice. First-person
methods also acknowledge the researchers’ positionality and are
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therefore well suited for introspective reflection on the role of the
human in more-than-human design practice. These approaches
have called for a wider variety of ways of writing up research [14],
with examples such as Design Memoirs that propose “an elastic
connection to objective truth provides greater space for reflection
and poetry” [17:2-3].

In this paper, we approach three anthropological writing meth-
ods as propositional repertoires.We use the first-person experiences
of the first author, whom we refer to as FA, in three projects that
involved weaving as starting points for our explorations. While the
FA is familiar with textiles (mainly through sewing), she was new to
weaving. She saw this beginner’s position as a possibly productive
way to learn about the nonhumans of weaving practices within
design research. The resulting accounts or stories can be seen as
newly generated data points. We then analyze the produced stories
for what they reveal of the nonhumans of design practice (their
presence and participation) to assess their value as a repertoire.

5 WOVEN THINGS AND DESIGN EVENTS
The design work presented in this paper is drawn from two ongoing
projects of the Everyday Design Studio and collaborators that we
will briefly describe below for context. We also provide a brief
overview of related works of textiles in HCI and highlight why this
particular context of material research is suited for our investigation
of developing repertoires. However, the contribution of this paper
does not lie in the projects or their outcomes. We position design
research events as the primary source for our stories: things that
happened or are still happening during these projects. We use
the term events to avoid a project and result-based orientation
common in design but can distract from developing repertoires.
For example, events may include processes and nonhumans that
had no direct role in the outcome yet are insightful in revealing
nonhuman agentic capacities. Events do not assume relations in the
way clear design results do and allow us to engage with nonhumans
as encountered in a process while withholding judgement on their
purpose.

5.1 Textiles in HCI
The field of smart textiles and wearables is rich and growing, in-
cluding examples such as project Jacquard, which brought together
ubiquitous computing and textile fabrication through a wide variety
of techniques [95] as well as many other examples integrating sen-
sors, actuators, controls, and connectivity with techniques such as
knitting, braiding, embroidery and weaving [35, 35, 77, 80, 81, 89].
It is possible to manufacture computational things in softer mate-
rials. However, approaches such as these have also been critiqued
as techno-centric and opportunistic [22]. It has been pointed out
that smart textiles, or more simply, working with soft materials
in the design of computational things, is not necessarily novel as
patents date back to the 1890s [93], and jacquard weaving can be
seen as an early form of computation [34]. Textiles and computing
have further paid extensive attention to its historical and new tools,
machines, and materials [21, 28, 29, 34, 42, 94] and how these can
be adapted or considered creative collaborations [3, 19, 48, 50, 82].

The intersection of textiles and HCI need not necessarily be for
“smart” wearable applications - there is an opportunity to expand

design’s material focus to include fabrics. We utilize textile fabri-
cation to design things, such as a WiFi-reliant object and a WiFi
antenna. There is also an affluent area of related internet-connected
or radio/frequency-based textile work [70, 98, 116-118]. For our re-
search, textiles offer an opportunity for a deeper understanding of
nonhuman materials through their various modes of construction,
tools, and the open-endedness and possibility to change direction
at different stages of construction. We see this area of material
research, particularly its more speculative orientation, as a means
to engage in ongoing conversations with those materials, tools, and
processes - its porous boundaries resonating with our theoretical
framework.

5.2 WiFi-no-WiFi
The Wi-Fi-no-Wi-Fi project investigates relations to internet-
connected things. The project involves making a soft
portable/luggable/wearable origami pop-up thing that can
sense Wi-Fi networks and is activated only when no networks
are present. The Internet of Thing-thing relies on networked
connectivity but only reversely functions when it is not connected.
Ron Wakkary, Tiffany Wun, Henry Lin, Mandeep Mangat, and
Doenja Oogjes are involved in this project, and external collabo-
rator Pauline van Dongen, a fashion designer and postdoctoral
researcher at the Technical University of Eindhoven. The FA’s role
in this project includes initial conceptualization and supporting
the development of an actuation mechanism. The FA conducted
explorative weaving on a TC2 jacquard loom at the TARP lab, part
of Material Matters, at the Emily Carr University of Art and Design
for seven 4-hour sessions in December 2019 and January 2020.

5.3 WiFi antenna
This project involves creating a textile Wi-Fi-antenna that can be
attached or become part of a home router. The goal is to inves-
tigate what type of relations to the home router and the home
internet might emerge if the router has a different spatial and ma-
terial presence. The project team includes Ron Wakkary, Henry
Lin, Doenja Oogjes, and external collaborator Milou Voorwinden,
a jacquard designer at EE Labels (a label weaving company based
in the Netherlands) and design researcher at the Technical Univer-
sity of Eindhoven. The FA’s role in this project includes project
management, conceptualization, material research and acquisition,
pattern and weave design, and prototyping. For this project, the FA
also visited the Unstable Design Lab at the University of Boulder,
Colorado, for three weeks in February and March 2020 to weave
the first prototype explorations of the antenna designs. The FA
collaborates with Milou Voorwinden to design the next round of
weaving samples and final designs.

5.4 Weaving events
We frame our work here by the term events: periods in the design
projects such as one 4-hour weaving session, creating a particular
sample, or shorter moments and the events leading up and follow-
ing to them such as the breaking of yarn or the creation of a knot.
Overall, the weaving events span between December 2019 and now,
as the projects are still in development. Our reasoning for framing
the work through events comes from the desire to keep with design
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Figure 1: an overview of the process to develop our repertoires

research’s ongoing-ness and dynamic nature. We wanted to find a
way to talk about the design activities without being bound by the
particular project or structure them by finished designs or samples.
We would like to clarify that this is not a design process paper;
instead, we use events as a lens to understand our practice. Looking
at our projects through the events enabled us to pay attention to the
relations and nonhumans at play. Data collection included the FA’s
notes and memories, weaving files created in photoshop, camera
documentation and scans of finished samples, in-progress photos,
Instagram posts, and stories, team communication, and organiza-
tion such as reports, meeting notes, sketches as distributed over
email, WhatsApp, Signal, Miro, Slack, Google Drive, reference files
such as instruction manuals, books on weaving, and documents
provided at workshops. This data—around 120 images and movie
clips and 28 cells of text reflection—was compiled in an excel file.
The 13 events structured the weaving stories as outlined below (see
figure 1). The events were initially described from a first-person
perspective of the FA. As a next step, the FA highlighted the nonhu-
mans mentioned in the reflections and followed their trajectories
through the other data. While first-person research has inherent
limitations in using human memory and retrospective reflection,
we acknowledge there is a particular tension in this work by its
attempts to move away from human framings and perspective. Still,
the epistemological commitment of thing-centeredness was present
throughout the work.

6 THREE EXPERIMENTALWEAVING
STORIES

In what follows, we draw from three posthumanist anthropological
approaches in which we saw an opportunity for the development of
repertoires. We chose to work with two of Wakkary’s suggestions:
Tsing’s noticing and Latour’s translations, and added Laura Watts’
landscape ethnography that shares similar critical posthumanist
assumptions but inspired us further in its writing style and use
of fiction (that we will elaborate on in the next section). Next, we

briefly outline the concepts behind the approaches and techniques
used. In the accounts presented below, we creatively explore the
three methods for the speaking subject to later reflect on their
potential as a repertoire.Wewill switch to a first-person perspective
of the FA for the weaving stories.

6.1 Approach 1: landscape ethnography
Laura Watts’ Energy at the End of the World presents an ethnogra-
phy of energy futures in the Orkney Islands [114]. Her investigation
into how futures are made differently in different places is done
by describing the landscape in detail and prose distinctly different
from academic writing, including fiction, poetry, and ethnographic
descriptions. Watts counters the typical dystopian tone of Anthro-
pocene stories and positions her ethnographic work as studying the
mundane practices that bring futures into being. She highlights a
crucial point in describing the landscape: the refusal to universalize
through attention to local practice. Within this, she focuses on the
temporalities of the Orkney Islands. Orkney is ahead of the curve
in sustainable energy futures; with its electric cars, micro-wind
turbines, and extreme climate, it is a temporal present that, for
others, could be considered a low-carbon future. Watts takes ad-
vantage of this opportunity and describes the professional but also
mundane actions of the inhabitants of Orkney as ways of making
the future. In our first account, we draw from Laura Watts’ writing
to understand design research practice through a landscape lens.
What does it mean to describe a landscape of design research? How
can we represent who and what is actively designing and within
what constituency or gathering? And what else is revealed through
describing the landscape?

6.1.1 Why landscape ethnography? In this story, I describe a se-
ries of events that unfolded over my time weaving at the TARP
lab at Emily Carr University of Art and Design. This was my first
time weaving on a TC2 jacquard loom. The event that led to the
development of this story involved a moment when technician and
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weaver Jen Hiebert showed me a sample cloth, and its correspond-
ing presets in photoshop. The unintentional contrasts in texture on
this sample cloth directly inspired my weaving explorations for the
WiFi-no-WiFi project. I saw an opportunity to describe the land-
scape of this place, including elements such as the sample cloth and
photoshop environments. With this, I wanted to broaden common
descriptions of design projects with landscape elements that also
participate in creating. I use Laura Watts’ landscape ethnography
and the strategies of refusing to universalize, paying attention to
local practice, and focusing on temporality.

6.1.2 Tucking in the Loom. The TARP studio is part of Material
Matters, a material design research studio led by Hélène Day Fraser
at Emily Carr University of Arts and Design in Vancouver, Canada.
The school is very close to my residence at the time—walking
distance. I am scheduled for a series of weaving sessions, a couple
of afternoons in December from 1-5 pm, and a couple more in
January 2020. I walk from my place down the hill with the ‘EAST
VAN’ sign, a few 100 meters over 2nd avenue, to get to Emily Carr.

Hélène introduces me to Jen Hiebert, who trains me to work on
the TC2 loom and is on campus to assist with any weaving and loom
troubles. I have written a short document to communicate the task
at hand: I want to explore textural weaves, double weaves, pockets,
and folding textures, for the WiFi-no-WiFi project. When I arrive,
the TC2 loom is under a blanket, tucked away. Jen tells me this is
to protect it from dust. The space also has a tufting area, sewing
machine, winding tools, and storage. Particularly the tufting gun, a
wool shooting carpet maker, produces a lot of fibre dust when in use,
which can damage the TC2. And so, every session, we go through
the little ritual of unpacking and tucking in the loom. We take two
large denim pieces of fabric—leftovers from another project—cross
them over the top of the TC2 and fold in the edges, like wrapping a
present, securing the material with binder clips.

To weave on the TC2, one has to prepare the files in photoshop.
As a beginner weaver, I remember feeling intimidated by this at first.
The few resources I had found online were hard to follow—they
use weaving terms I was unfamiliar with and are primarily focused
on pictorial weaving: how to replicate an artwork or photograph
in cloth. Jen walks me through the photoshop process and quickly
takes away my concerns. She provides me with a library of weaving
patterns, including twills, basket weaves, satins, selvedges, and
other resources on how to work in photoshop, such as creating
double weaves and working with multiple shuttles and colours
(see Figure 2). Jen also pulls out a weaving that she has made to
accompany these different photoshop patterns. It reads almost like
a painting swatch. Woven with white cotton weft and black cotton
warp, this textile gives an overview of how the thread responds
in the actual cloth (see Figure 2). There are different sections: one
row of blocks of varying weaving patterns labelled with woven-in
text. I can feel the different textures and see the weaving patterns’
colour effect. An evenly distributed weave is grey, less even like a
satin: either more black or white. The following section features
an alternating twill with visual explorations of half circles and
white blocks with black numbers indicating the pixel count. Next is
another graphic exploration of blocks, followed by a larger woven
piece that integrates these different weaving patterns and their
colour effect to recreate a photograph. Jen points out to me the

sections between basketweave and broken twill. The fabric folds
over each other, creating a contrasting textural quality. This is
precisely what we are looking for in the project to generate origami
textures and prompts me to explore contrasting weave patterns.
The sample cloth has initiated a direction for my weaving.

The TC2 loom itself is prepared for me. The dense warp is ten-
sioned around the warping beamwith looped blue and green elastic,
and a couple of rows of basketweaves are beaten on the cloth to
secure the tension. Jen has also prepared a starting template for
the loom. This file has three main sections pre-set: a black square
representing 18 defective threads on the right side of the loom, a
pattern-filled square for the right selvedge, and a similar one for the
left selvedge. A selvedge is a pattern used at the edge of a fabric to
create an even and sturdy finish to ensure equal tension throughout
the cloth.

The loom itself is adorned with documentation of its module
setup and warping logic. TARP’s TC2 is two modules wide and 12
modules deep. These documents are held in place by magnets that
say: keep calm and loom on. A MacBook Pro sits on top of the loom.
This is where I open the photoshop file—saved as a bitmap (tiff)—in
the Loom Driver Software for the TC2. All the files are black and
white—corresponding to the lift schedule of the TC2. Each pixel
relates to a needle, and black or white tells the loom whether it
needs to lift it or stay put.

Jen shows me how to wind the bobbin to go onto the shuttle
that I use for weaving. We attach the bobbin winder to a stool and
use the handle to spin. We do a couple so that I can keep weaving
for a while, but Jen also reminds me that running out of yarn is
sometimes a good way to force oneself to take a break. Throwing
the shuttle back and forth, and standing over the loom for hours,
can get tough on the body. Jen shows me how to throw—it takes a
certain amount of force to get the shuttle across the loom without
it flying across the room. I get the hang of it, and soon enough, I’m
weaving. Throw the shuttle, beat the heddle, press the foot to go to
the next pixel row. Repeat.

Another material enforced break: the TC2 stops at times. Jen isn’t
quite sure why, but it makes a loud puff, kind of like a deep breath,
and lowers all its air-suction-controlled needles. This happens a
handful of times over the course of my weaving sessions, and Jen
disappears into the room next door, where the vent from the pump
of the TC2 goes. I’m not sure what happens in that room (part of
the landscape, but obscured to me), but it is resolved whenever she
comes back.

And, every day, as the clock nears 5 PM, I wrap upmy last
samples and call Jen: it’s time to tuck in the loom again.

I keep weaving my samples—rows of origami shapes, double
weaves, and contrasting patterns. I see specific weaving structures
as soft and others as sturdy—rather than black, white, and grey. I
get into a rhythm, adjusting the photoshop file, weaving again. It is
a pretty quick design process, and it is a joy to see the photoshop
files come to life on the loom. I do tests with different thicknesses
of lines to understand how the file relates to the thickness of the
tread I’m weaving. And again, at the end of the day, we tuck
in the loom.

Whenever I run into issues, Jen rushes to help me. This is our
setup. I am somewhat of a test weaver for TARP, a trial for future
students, collaborators, or visiting artists/researchers. Jen notes
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Figure 2: the weaving presets in photoshop and the sample blanket demonstrating its effects in the woven cloth.

Figure 3: the photoshop template for the TC2 at TARP, including dead pixels at the end of the warp in photoshop and on the
loom.

Figure 4: the loom with some first weaving samples and the
MacBook pro with the TC2 software.

issues and jots down how many rows I’ve woven each day to get a
sense of my pixels per minute. TARP gets to see what weavers might
need help with, where the TC2 has issues, how much training is
required, how much assistance is required, and how much time
overall it will take Jen. And I get to weave.

During my last day at TARP, Jen and I cut off the final cloth,
retie the knots around the elastic, and once again –we tuck in the
TC2.

6.1.3 Reflection on landscape ethnography. Key sensitizing con-
cepts applied in our account: refusal to universalize, atten-
tion to local practice, focusing on temporality

In writing this account, the sensitizing concept of refusal to
universalize was easy to work into the story, as design is already a
practice that explicitly deals with the particular. For example, I was
not working with any yarn; I worked with black and white cotton.
I was able to explore textural qualities in the way I did because
the TC2 that I was working on had multiple modules and a dense
warp, enabling the contrast between textures to become tangible.
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As such, this method felt like an easy one to apply, not too different
from other ways of describing design practice from a first-person
perspective.

I paid attention to local practice by describing how Jen showed
me to wind the spools, how the warp was wound to the beam
with elastic to increase control over the tension distribution of
the threads. Here too, the specificity of the TC2 set up at TARP
plays a part in what I could explore in terms of weavings. Out of
all three methods, mainly the focus on temporality, it allowed me
to understand better the nonhumans participating. In describing
the landscape of TARP, a nonhuman that I had previously taken
for granted—the two pieces of denim fabric we used to cover the
loom—exposed a temporal structure of my weaving activities. The
recurring set of actions of tucking in the loom revealed not only
the main activities and obvious nonhumans (the loom, the Mac-
Book, photoshop, the cotton) but also the things of the landscape
that were more tangentially related to my task at hand (the tufting
gun, the sewing machine, leftover fabric of an older project). These
landscape parts were less accessible to me but nonetheless actively
present. The story of tucking in the loom is one of maintaining
the constituency. The cloth draping over the loom and securing
the edges to protect it from dust is a way of extending the ma-
chine’s longevity for future weavers. The ritual also suggests that
the participation of nonhumans (the denim cloth) need not always
be toward a goal of production. But beyond a care-relation, the
ritual of tucking in the loom also provided a structure, a rhythm
of human to nonhuman relations that was considered so mundane
it didn’t even cross my mind to document it at the moment—the
ritual only became present to me as a speaking subject in construct-
ing the story. In writing the story as I did, structuring the account
through the temporal events of tucking in the loom, I attempted to
keep this mundanity intact but simultaneously attune to the role
of the nonhuman. I wanted to maintain this quality so as not to
redistribute relations in narrowly human-centred ways since focus-
ing on one nonhuman is equally limiting as focusing on humans
only. Describing the landscape and paying attention to the concerns
amongst things in it allowed me to think multi-relationally.

6.2 Approach 2: Noticing
In her book The Mushroom at the End of the World, Anna Ts-
ing tells the story of the Matsutake mushroom [109] as a multi-
species ethnography. Tsing offers the approach of noticing differ-
ently, which has found resonance within more-than-human design
research but remains somewhat challenging to make operational
for designers. A key concept in Tsing’s project is that of precarity,
as she argues that the world we live in is defined by vulnerability,
instability, and the ruins produced by capitalism. Simultaneously,
her concept of contaminations highlights how new forms of mul-
tispecies relations can form within these ruins. She argues, rather
than looking ahead to solutions, futures, or progress, we should look
around and attune our abilities to notice what is newly produced
in these ruins.

In her accounts, Tsing makes connections across landscapes (for
her work, she follows the Matsutake mushroom through forests
in China, Japan, Finland, and the US), reframes disturbances as a
matter of perspective, and switches the perspective of narrators

to get to know the characters of the landscape. We integrate these
strategies in our account of following knots to get to know the
nonhuman characters of design. Tsing states: “telling stories of the
landscape requires getting to know the inhabitants of the landscape,
human and nonhuman.” [109:159]. To do this, Tsing shifts her per-
spective of a nematode to a pine tree, back to the Matsutake. Tsing
warns us: “rather than limit our analyses to one creature at a time
(including humans), or even one relationship if we want to know
what makes places livable, we should be studying polyphonic as-
semblages, gatherings of ways of being” [109:157]. Tsing’s concepts
urge us to embrace heterogeneity and tension, not unified or har-
monized nonhumans. Relations can be nonsensical, uninteresting,
and disturbing. In drawing from Tsing’s concepts and techniques,
we ask what the inhabitants of design research are? How can we
notice them differently?

6.2.1 Why noticing? The events inspiring this story occurred dur-
ing my visit to the Unstable Design Lab, where I helped warp the
TC2 loom. The main event that motivated this story was a knot
formed during this process. I recognized this as a moment of non-
human agency, in which something was created (the knot) that was
not according to the plan or desire of the humans (us, warping the
beam) and still shaped the process. This motivated me to further
understand knots in the warping practice, and I saw an opportunity
in Anna Tsing’s noticing to understand knots differently.

6.2.2 Following Knots. I am a Wensleydale sheep. They call me
the finest. Sometimes I even get mixed up with a Cashmere goat!
I am from the UK, originally, but my kind can be found all over. I
am known for my locks and my cheese. I suspect that is why I was
saved from extinction when the humans lobbied for my survival in
the 70s. My milk makes for moist, flaky, and slightly sweet cheese
and my sheer don’t kemp.

Why do I start this story from the perspective of a sheep? It
was my first day at the Unstable Design Lab, and—prompted by a
studio member—I took a quiz on a website called Woolery. Based
on some questions about my hobbies, favourite colour, and ideal
holiday location, it informed me that I am, indeed, a Wensleydale
sheep. While there is some very clear anthropomorphizing going
on here, I have also come to understand the possible benefits and
unavoidability of this. So, I am curious to explore its nuances. I
want to tell the story of knots, and to do so; I need to tell you about
fibre. Fabrics and textiles traced all the way back are fibres. Each
fibre, natural or artificial, has its properties: wool is stretchy, linen
dries quickly, cotton is durable. The fact that Wensleydale’s sheer
doesn’t kemp is great: it doesn’t get into knots too quickly, it is
not brittle, it can handle a bit of stretch. Fibres also have a texture,
making them so suitable to weave with. Wool fibres, for example,
hook into each other and keep themselves in place. These hooks and
angles allow for the interaction between the weft and warp. Briefly,
without overwhelming the reader with too many explanations of
weaving terms, the warp is the yarn that is vertically threaded on a
loom, the weft is the yarn that is added per row, thrown from one
side to the other (or, as it was explained to me: weft = left to right).
As we will see, there are times weavers want this hook and tangle
interaction to happen, and there are times when they don’t.

The Unstable Design Lab, led by Laura Devendorf, exists as a
communal room with three offices: one for Laura, one for the grad
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Figure 5: imagining the thread’s journey.

students, and one flex-office for visitors or meetings. The main
space has a long table on one end, two large whiteboards on the
wall. A desk with a sewing machine and a long, narrow bar height
table along the window facing the corridor that houses projects,
materials, and samples. The other side of the room is loom-space.
The TC2 stands on the side, with some space behind it. There is
a wall filled with yarns in many colours, and in the corner of this
wall, a section for conductive material. The warping beam stands
in the middle of the space, in front of the TC2, and rests on two
trestles with custom-made handles to rotate it. The warp on the
TC2 is time-consuming and complicated to replace. It is often over
100 meters of yarn so that the TC2 can be used for a more extended
time before it needs to be warped again. It is the first time the lab is
attempting a sectional warp where the beam is warped in sections
of thread instead of all at once. The warping beam has four wooden
rods inserted with little metal dividers to accommodate this. A few
other things are part of our warping setup: a bobbin rack with 24
equally weighted wound bobbins and a tension box with a counter
resting on a stool.

The loom space expands as we start to warp. The communal
chairs become barricades to prevent people from walking into the
thread that goes from the bobbin rack through the comb of the
tension box onto the warping beam. One part of the communal
table has become inaccessible. It takes three people at a time to
warp the beam: one to rotate the beam itself, one to keep an eye
on the threads coming from the spool rack, and one to keep an eye
on the counter. As a temporary responsibility, we are assigned to a
part of the thread’s journey. There is a fragility to the process of
warping the loom, one that requires us to pay close attention. At one
point, our warping is halted abruptly. I was rotating the warping
beam when I suddenly felt resistance and noticed the stool that
the tension box is clamped on slightly tilted under the tension of
threads that have formed a knot. In figure 5, I imagine this situation
from the thread’s perspective.

We slowly roll the warping beam back, releasing some tension on
the threads and allowing the stool to tilt back on all its legs. Pulling
back the tangle of threads, we started to pull apart the knots that
had appeared—for us seemingly out of nowhere. While doing so, we
rolled back the bobbins on the bobbin rack to recreate tension on
the threads we managed to free from the tangle, so they wouldn’t
find their way back in—as well as be able to follow the order of the
other threads. We did this for quite some time until we decided the
last few threads would take too long to separate. We cut the tangle
out and bundled each side of the threads. Keeping tension on the
threads that were intact through the bobbins, we began retracing
the threads that had broken to tie them back in order. These knots
will be reencountered when the warp is on the loom: they might
cause one of the threads to break again, or they may show up in a
weaving.

Knots are often encountered in warping the TC2. We used a
human-made knot to undo a fibre-made knot. When the winding
of the warping beam is done, we move on to the next step: tying
the warping beam to the existing threads on the TC2. So. Many.
Knots. The space returns to its original setup. Chairs are back to
being things to sit on, the communal table is accessible again, and
the walkway is free. This is a one-person job. Tying each thread
from the warping beam onto the existing threads held in order on
the loom.

The back of this TC2 holds some documentation: a lifting sched-
ule like the one I saw at TARP and a very helpful illustration of
how to tie a weaver’s knot: a knot that ties two threads together
and allows you to pull it tight in one direction. There are scissors,
a little comb to untangle threads, tape to hold threads in place. The
warping beam sits below, and I use the loom to tension and tie the
existing thread to the new one from the warping beam.

I am determined to get this done, so I spend the weekend tying
knots. I am at about 120 knots an hour. There are threads every-
where. This may be a one-person job, but I would have done better
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Figure 6: encountering tangles, knots during the warping of the TC2.

Figure 7: weaver’s knots on the back of the TC2.

by stepping back. At around knot 800 out of 1320, I mess up and
skip a warp section. I even documented it in a time-lapse video, but
I only really notice it when I’m done, 460 knots later (3 hours and
48 minutes in human time). I confess to the others on Monday; we
have a lab meeting. The good news (I tied all the knots!) and the
bad news (I missed a section of about 60 threads). Laura decides
it’s ok—no use in retying 520 knots. I think back to the template at
TARP, with the section of dead pixels at the end, and wonder how
long my mistake will haunt the weavings of the Unstable Design
Lab or visitors.

So far, I’ve told you about a knot that occurred while warping,
the knots we had to tie to fix those knots, the many knots that were
tied to connect the warping beam to the existing threads on the
loom, and the missed knots. There are a few more knots in this

story. We guide the knots through the needles and heddle slots of
the TC2, tie on the warp to the front rod, and adjust the ties to get
equal tension. We weave a few rows to check for missing “pixels”—
threads that are doubled up in a slot or loose threads. We use hooks,
pins, magnets to hold threads in place. Loose threads are retied or
pinned down. Double threads are traced to see if they are doubled
in the needle or the slot. If they are double in the slot, we unweave
and guide the threads again through the heddle. Eventually, we
decide it’s enough. There are still some errors: the one end of the
loom has threads that don’t lift as we anticipate, and the other side
has my 60 missing threads—but it’s good enough for now, and we
make a photoshop template to work with these glitches.
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Figure 8: working through the knots on the front of the TC2.

6.2.3 Reflection on noticing. Key sensitizing concepts used in
our account: switching perspective in the narrative, accept-
ing a state of precarity/fragility, focusing on disturbances.

Through this story of knots, I attuned myself to fibres of the
threads. I used the sensitizing concept of switching perspectives in
the narrative. For example, I allowed myself to anthropomorphize
with the Wensleydale sheep and the illustration of hands as hooks
of fibres. Speculatively tracing the material back to the sheep was
an effort to understand better the fibre and its tendencies. It also
made me consider how we should do this in future practice and
consider the histories of the materials we choose to work with. The
method of noticing allowed me to understand what was gathered
and what should have been gathered in the constituency.

While it might be a stretch to call the warping set up precarious
in the same sense as experienced by the Matsutake mushroom
foragers, it was undoubtedly fragile and required care and attention
throughout. For example, when winding the yarn on the beam,
each of the warpers was assigned to a particular part of the journey
of the thread. The attention paid to these parts revealed certain
relations of nonhumans such as thread, tension, and movement that
are essential in weaving but more or less taken for granted when all
intact on the loom. The moment of fragility in the warping setup
allowed me to understand these relations differently than when I
was weaving on the loom at TARP, where the warping was done
for me. It gave me insight into the constituency, what happens, and
what is gathered—in particular ways—before weaving.

By following knots, I came to understand disturbances more
generously. I began to see knots everywhere. It started feeling
almost unreasonable to be annoyed with the accidental knots when
I was tying on so many intentional ones only a few hours later.
Tsing reminds us: “whether a disturbance is bearable or unbearable
is a question worked out through what follows it: the reformation of
assemblages” [109:160]. The retying of the loose threads as well as
the salvaging of loose threads, and the acceptance of an incomplete
warp andmodified photoshop template are ways of embracing these
disturbances as both human (the error in missing a section of knots

when tying on) and nonhuman (the behaviour of the fibre)—while
still making them workable.

Using the sensitizing concepts of fragility and precarity and
disturbances became more intertwined in my descriptions. I now
see the incomplete warp with retied knots as a particular fragility.
Weaving always requires attention to potentially retie knots, again.
I came to see disturbances as a way to accept the state of fragility
that I was working in, one that allowed me to notice the relations
between the loom, the threads, and my weaving differently.

6.3 Approach 3: Translations
In this last explorative repertoire, we draw from Bruno Latour’s
account of soil in Boa Vista [65]. In his writing, Latour describes
and shows the reader the tools of soil scientists used to understand,
translate, and document the soil. Through this, he aims to show
us the layers of translation that happen between the soil in Boa
Vista and the scientists’ lab. Through his writing, Latour reveals the
networks of humans and nonhumans that collaboratively examine
the soil. Latour creates a presence for nonhuman participation in
his account through detailed writing of tools, materials, and trans-
lations. In the formal approach of Actor-Network Theory, these
translations have particular and specified steps that we do not use
explicitly but were certainly guided by. These are problematiza-
tion (the process of a pivotal actor identifying other actors’ unmet
interests and goals), interessment (the key actor utilizing actions
to interest actors in the new goal), enrolment (onboarding of new
actors, which can also involve resistance), mobilization (the acti-
vation of the network) and dissidence (unexpected acts by actors
and destabilization or dissolvement of the network) [9]. Latour
emphasizes the humorous shortcomings of language—for example,
when the scientists describe soil as clay-y sand or sandy clay. The
tools used, Latour argues, express things that language alone can’t,
but both are translations, transformations: they attempt to capture
the actual thing or phenomenon but will always simultaneously
bring us closer and farther away from it. They are, as he calls them,
circulating references. By utilizing Latour’s writing as a guide, we
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explore: what are the circulating references of design research?
What do they help us understand, and where might they create
blind spots?

6.3.1 Why Translations? In this account, I describe the weaving
events in the WiFi antenna project that led us to inquire into new
conductive yarn. The main event in the story is the breaking of the
yarn we were working with when switching from a prototyping
loom (the TC2 jacquard loom) to an industrial loom (the Itema
r9500). I chose to explore Latour’s method of translations, as I
recognized a moment of dissidence in this event. Latour describes
the practices of two pedologists, one geographer and a botanist, on
their joint expedition and the common quest that drives the group
of scientists in the Amazon forest to understand the soil. Using their
reference systems and tools, the scientists bring back translations
of the forest to their laboratories. In our case, the Everyday Design
Studio is collaborating with Milou Voorwinden from EElabels, a
weaving company based in the Netherlands. I am also using the visit
at the Unstable Design studio to weave the first samples on the TC2
jacquard loom of the lab. We are similarly making samples, bringing
them back to research environments measuring, and collectively
investigating a question that we share: what does a woven antenna
look like? In exploring this method as a potential repertoire, I used
the methods of empathizing with the tools we use, describing the
translations we make, and focusing on reaching a collaborative
understanding across our different locations.

6.3.2 Sampling Threads. I am at the Unstable Design Lab, carrying
with me—on my laptop—a report made by Henry with a variety
of antenna designs suited for 2.4GHz, the frequency that Wi-Fi
operates on. I look through them to see which ones are suitable for
weaving: shapes that allow the thread to travel from left to right
and back. I weave text into the cloth to label the weaving structures
I used (satins, twills, basket weaves), and I do the same for antenna
types (metal-plated, bipolar). I attached paper labels to indicate
and remind myself of the weft-material I used (Elektrisola, linen,
cotton of different thicknesses, polyester). While the cloth was still
on the loom, I used a multimeter to check for connectivity across
patches. This quick test gave me enough insight to continue with
more complex antenna patterns, as I now know that even when cut,
the conductive thread strands made enough connection across the
picks. The real test will come later when Henry uses his setup to
test if the antennas will work with a home router. Latour describes
how the soil scientists send the soil back to their labs, use tools
to describe the states, make reports. I, too, write a report: which
antennas were the easiest to weave? Which strategies worked well,
which didn’t? What are other options we could explore?

I am back in Vancouver now, and the COVID-19 pandemic has
started. The Everyday Design Studio is empty; its parts and ma-
chines are distributed over people’s homes. We have started relying
even more on translations by working from home: photos, reports,
Miro, sound recordings, and video reports of our work with the
antennas. Using a vector antenna analyzer, Henry tests the different
woven antennas for their connectivity at his home. To our surprise,
they work quite well. In his video, he shows us how he can connect
the woven router in his living room and load a YouTube video on his
phone, connected to the Wi-Fi, from his kitchen. Our investigation

with these first samples was simple: can we weave antennas? Do
they work?

Now that we have some results, we want to move to a more
refined weaving. Milou from EElabels works with an industrial
loom, an Itema r9500, specialized for weaving labels, like the one
in your shirt telling you which brand or size it is or how to wash it
(another circulating reference). The loom has a much higher density
of threads than the TC2 we have woven on previously, allowing
us to create much finer antenna patterns. It is automatic—no more
throwing the heddle from left to right and back.

As we work across continents, we cannot touch, move, and in-
spect the materials we work with directly, so here we also translate.
Milou and I meet on zoom to go over the more successful antenna
designs. I’ve worked with illustrator and photoshop for weaving on
the TC2, but Milou works with different software, DesignScope Vic-
tor. We work together to move these across the software. Through
Latour’s terms, a translation of translation as we do this work
without an actual thread in sight (or well, maybe a few, in our
zoom-backgrounds). The loom that Milou works on has some other
differences. On the TC2, I could insert conductive yarn as an addi-
tional weft in certain sections only, but the Itema r9500 uses the
yarns across the whole cloth and only from left to right (not back
and forth). We adjust our designs to accommodate this. We add
floats (longer sections on the cloth where the weft goes over the
warp, creating long strands of yarn), rotate designs to waste less of
the conductive material, and group similar antennas on the same
rows.

Milou runs into a problem when she starts weaving. The Elek-
trisola, which performed so well in our earlier tests, keeps breaking
on the Itema loom. Milou has two possible explanations: the Elek-
trisola is wound on a cone incompatible with the Itema r3500, and
the Elektrisola yarn itself has no stretch (remember theWensleydale
sheep?).

We need to reconvene, and our questions expand. Is it possible to
wind the Elektrisola on another cone? Can we build something to
allow it to roll off the cone more easily? Milou is skeptical. The yarn
will still not stretch and risk breaking when the Itema loom grabs
it to weave automatically. I start looking for a new conductive
yarn and consider its specifications. It needs to be wound on a
cone compatible with the Itema r9500 loom, it needs to suit our
conductivity needs, and we have a few additional requirements
for elasticity, twist, and dtex. I consult with Henry to measure the
conductance of stainless-steel yarn, Elektrisola, and a coax core
with a multimeter to approximate what we are looking for (see
Figure 15). With the information I gathered, I contacted Swicofil, a
Swiss company that Milou previously worked with to acquire yarn
for EElabels. After a consultation and sending more translations
back and forth, I opt for gold and a silver plasma-coated yarn, and
we start our tests again. Milou weaves a sample cloth with antennas,
sends them to Vancouver; Henry tests them with his home-router
testing set up, and Ron starts using them with his home router. We
make another report.

6.3.3 Reflection on translations. Key sensitizing concepts ap-
plied in our account: prioritizing imagery over language, de-
tailed descriptions of tools, materials, and translations, dis-
sidence of nonhumans.
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Figure 9: weaving with the conductive material on separate bobbins as additional weft and measuring connectivity with the
multimeter

Figure 10: A scan (stitched together in photoshop) of woven antenna sample with labels and woven text indicating the differ-
ence between swatches

In exploring Latour’s translations, it became clear how the tools
of my practice both enabled and limited the team’s understanding
of the conductive material. While we were not in a forest collect-
ing soil, it was not difficult to spot the circulating references that
mediate in design research practice: woven text labelling weaving
samples, attached labels to separate the material, a vector antenna
analyzer, multimeters, weaving drafts. We were not collecting soil

samples to bring back to a laboratory, but we were attempting to col-
lect and create knowledge that we can bring back to the Everyday
Design Studio and our collaborators.

The prioritizing of imagery was already present in the teams’
communication: annotated imagery of what spools would work,
highlighting parts of the Itema r9500 loom and generally sharing
sketches and ideas. It was, therefore, relatively easy to work into
the story. On reflection, what I prioritized more than the imagery
in the account was the questions that guided our practice, such as:
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Figure 11: photograph of the labelled antenna sample before cutting and scanning (the observant reader may recognize some
pins and knots from Figure 8).

Figure 12: Henry’s set up to test the antennas, including clippers, a multimeter, and coax cables that need to be attached to
each sample, and testing an antenna sample with a vector antenna analyzer.

which antennas function on the 2.4Ghz range? How do we translate
an antenna design into a weave-able shape (that goes from left to
right)? Is it possible to wind the Elektrisola on a different cone?

Through telling this story, I also came to see what could or should
have been part of the constituency, such as tools to understand
elasticity and other yarn qualities beyond just the conductivity and
other antenna-related qualities we were focused on.

Lastly, the translation steps mapped easily to the design process
and can be seen as cycles through which we can better understand
the nonhumans that gathered. The dissidence (the breakage of the
Elektrisola) followed a process of problematization (the human ac-
tors wanting to weave with a higher density), interessment (starting

a collaboration with the Itema loom and Milou), mobilization (the
preparatory work of translating weaving files across software). The
breakage itself started a new cycle, where the problematization
was initiated by the withdrawal of the Elektrisola, leading to the
enrollment of Swicofil and the new material.

7 FINDINGS
These stories were written retrospectively after the events but acted
as a generative, analytical tool for the FA. She reconstructed the
events and gained a new understanding through the three different
approaches. An important nuance is that FA, as a visitor, arrived
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Figure 13: a screenshot of a zoom meeting between FA and
Milou Voorwinden to translate antenna designs to weave on
the Itema r9500.

as a designer with nonhuman designers in tow to an already exist-
ing constituency, whether that was TARP or the Unstable Design
Lab. The repertoires captured and acted within the dynamic of
designer and constituency. Overall, we found the methods used
(landscape ethnography, noticing, and translations) mapped easily
to the design research events, which further supports our argument
of understanding design research practice itself as a more-than-
human practice. In this section, we conclude on the potential of
the approaches as repertoires. We reflect on their ability to artic-
ulate what and who was designing (speaking on account of the
human/nonhuman designer assembly), what should have been gath-
ered (convening the constituency), and what this taught us about
designing-with nonhumans.

7.1 Repertoire: landscape ethnography
through temporalities

The repertoire of landscape ethnography describes local practices,
actions undertaken by the people of the place to maintain the con-
stituency. Landscape ethnography also describes the particulars of
design practice, such as specifics onmaterial qualities, software, and
tools, revealing the nonhumans that gathered in a broad, generous
way. Lastly, landscape ethnography as a repertoire pays particular
attention to the temporal scales of place. This repertoire enables
the nonhumans to speak that are tangentially related to the task at
hand. Particularly helpful for this task was the focus on temporal
scales: what was in the landscape before you? What will come
after you? How do the mundane events structure your activities
in the landscape? Structuring the landscape through a temporal
lens makes it possible to see the assembly of humans and nonhu-
mans as it is present before design. Landscape ethnography helped
make present to me nonhumans that spoke and were present in the
events but initially overseen. This was retrospectively helpful, but
it fell short in giving insights on which nonhumans should have
participated. The repertoire of landscape ethnography is successful
in speaking on account of the humans and nonhumans but less so
in convening the constituency.

7.2 Repertoire: noticing through fragility
The repertoire of noticing focuses on precarity and disturbances
to increase attention, to notice the relations between nonhumans
differently. The method of noticing is different from the other two.
It utilizes a narrower focus, following one kind of nonhuman, rather
than the more equally divided attention of describing a landscape
or attending to translations. We found that precarity/fragility en-
abled us to understand relations amongst nonhumans in design
practice and see disturbances to draw our attention to this. When
applying the repertoire of noticing through fragility, we suggest
design researchers focus on their practice’s fragile or precarious
moments. We described a warping setup, but we can see similar
qualities in soldering electronics, firing clay in a kiln, or setting the
intensity of a laser cutter to accommodate different materials.

7.3 Repertoire: translations through questions
The repertoire of translations is made by describing design research
tools, mainly through the questions asked through them. We found
that describing tools and materials and the prioritization of images
is already fairly common in design; the articulation of the questions
that are asked through these actions is helpful in further articulating
the nonhumans that are being invited to participate.

We see similarities between landscape ethnography and transla-
tions in what is given attention to through our descriptions: broad,
inclusive, and detailed descriptions of tools, materials in design
research. However, unlike landscape ethnography, we found that
the repertoire of translations can also make present the material
that should have been present through the use of different tools or
by consulting the constituency differently. It is, therefore, also a
fruitful repertoire for convening the constituency.

8 LESSONS FOR THE SPEAKING SUBJECT
This last section discusses initial lessons learned for the speaking
subject. We structure our three lessons in relation to the positions
or approaches of the speaking subject as proposed by Wakkary:
not-knowing, transmogrification, and horizontality we introduced
earlier (see 3). These lessons collectively illustrate how the proposed
repertoires allowed us to better understand our design practice
within a posthumanist framing. These insights also close the gap
between non-design to actionable repertoires that the speaking
subject can use.

8.1 Not knowing: assume a humble position for
the speaking subject

Firstly, Wakkary suggests not-knowing as an approach for the
speaking subject. Wakkary argues to go beyond common design
practice of problem-framing and problem-solving, to stay with the
trouble, but even more so to “act from a position of not-knowing or
partial knowing” [111:246]. In our stories, we recognize the ability
of the designer to act from such a position in two ways. Firstly, the
FA’s limited experience with weaving positioned her as a novice,
one that requires them to act or learn with a starting position of not-
knowing. Secondly, the FA was a visitor in the places she practiced
weaving, enabling a position of partial knowing.

In the stories, we have described different places that are part of
the constituency: TARP, the Unstable Design Lab, and a space that
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Figure 14: Part of the problem: the grabber from the Itema r9500 loom is incompatible with the non-stretch Elektrisola. The
edges of the cone (on the right) make for uneven unwinding.

Figure 15: an overview of consults to understand the requirements of the newyarn. On the left, Henry outlines the conductivity
range the new material needs to have, and on the right, Milou annotates on a document from Swicofil which spool we can’t
use on the loom at EElabels.

existed physically across Vancouver (the Everyday Design Studio
and its member’s work-from-home spaces) and the Netherlands
(EElabels) but was primarily accessed over translations such as
Zoom,Miro,WhatsApp and signal. The FA’s position in these spaces
was that of a visitor. In all places, the FA was there with a goal that
did not entirely align with the purposes of the space. Compare, for
example, TARP and the Unstable Design Lab. The TC2 at TARP
was set up for weaving graphical and photographic cloth. The
TC2 at the Unstable Design Lab was set up for making prototypes,
exploring computation, and weaving. These intentions materialize
by comparing the yarns used in the TARP and the Unstable Design
Lab (black and white versus many colours and materials). The TC2
looms with their modules and respective density. While TARP was
set up for detailed graphical work, with a higher density of pixels
per row, the TC2 loom was meant for prototyping and larger cloths,
with more space between threads. The TC2 loom at TARP was
meant for semi-public use—students, visiting researchers—and the
FA was there as a test subject. The TC2 at the Unstable Design Lab
is there for the lab’s students. The FA earned her weaving time by
contributing to the warping process, and accessing these spaces
as a visitor meant gaps in the FA’s understanding of the relations
amongst the things in them. When Jen left to fix the loom at TARP,
the FA didn’t know where she went or what she did to recuperate
the loom. When the FA was not working on the loom, others were

in the space using the tufting gun or working at the desk. At the
Unstable Design Lab, the FA was helping with the warping process
that was new to her but also to most others in the lab as it was the
first time the lab was attempting a sectional warp. This created a
space open for questions and contestations but with a persistency
to act.

Through these stories, we have come to understand the position
of a visitor and novice to enable working with not-knowing and
humility. We see this in line with approaches such as inarticulacy
[43], in which the authors report to work through their design
process with “a degree of chutzpah” [43:2125]. Still, this position
of productive not-knowing is in stark contrast with common ap-
proaches within HCI that invite experts or domain professionals.
More broadly, and in relation to our theoretical framing, posthuman-
ist, critical race theory and postcolonial literature have proposed
approaches of unlearning [92] to overcome deeply rooted humanist
framings in knowledge inquiry that we suspect are also present
in the conceptual ‘expert.’ We propose the position of visitor and
novice as a fruitful way to practice humility, unlearn and not-know
in design research.
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8.2 Transmogrification: allow nonhuman
temporalities to guide practice

Wakkary introduces the concept of transmogrification as an often-
experienced side-effect to positions of not-knowing: “a seemingly
magical change of who we are in relation to things and nonhumans”
[111:248]. In the weaving stories, this transmogrification was expe-
rienced explicitly when taking the perspective of a thread, but also
more subtly in the FA’s shifting experiences of time and material
traces.

Throughout the stories, we have woven in nonhuman tempo-
ralities such as rows-per-minute, knots-per-hour, material enforced
breaks, and rituals that structure practice, such as tucking in the loom.
We see this as transmogrification in how hierarchies are restruc-
tured. For example, rows-per-minute and knots-per-hour prioritize
rows and knots over minutes and hours: the human weaver is put
in service of the nonhuman designer, the constituency.

In describing the forming of knots, the FA attended to the per-
spective of the yarn. This allowed the FA to understand the nuances
of the relations between yarn and weaver, or more broadly, ma-
terial and designer. The FA wrote: there are times weavers want
this to happen, and there are times when they don’t. The FA de-
scribed knots made by the yarn, undesired by the weaver, and many
knots tied by her as part of the weaving process. But what does
the yarn want? By zooming in on the perspective of the yarn, it
becomes clear that it performs similarly across the warping and
weaving process: it is the human weaver imposing on the material
that changes the situation. The attention paid to the knots and
errors while warping the beam at the Unstable Design Lab can also
be seen as a material-temporal commitment. The way a loom is
warped determines what the loom is for some time. This is clear
in the commitment to the material that is warped with and in the
glitches in the photoshop templates, observed at both TARP and
the Unstable Design Lab, as traces of warping events that continue
to be present in weavings. Recruitment within the constituency has
a temporal element. Longer-term commitments to materials are a
way to enable nonhuman temporalities to guide practice.

Nonhuman temporalities could be applied in design projects in
other ways by prioritizing materials and their temporal structures
over other concerns. This connects to works in HCI such as Odom
and co-authors choice to work with wood from a fallen tree [85],
the processes of clay and its drying time that are prioritized in Liu’s
work with decomposition [74], and explorations of material traces
by Giaccardi and co-authors [46]. There is an opportunity to extend
this work and commit to the temporalities of materials not just in
their recruitment at the start of a project but to understand it as
ongoing and integrate rituals to maintain the materials. We see an
opportunity here to connect the lens of nonhuman temporalities
to design research tools that can serve as tools for noticing during
the design process, such as measuring or recording devices that
have a timespan or end-of-life expression. Enabling nonhuman
temporalities alsomeans adjusting our own pace: nonhumansmight
take longer to speak or disclose themselves over different time
structures. Allowing nonhuman temporalities to guide practice
could look like integrating moments of doing nothing, stepping
back, and practicing patience.

8.3 Horizontality: embrace disturbances as
moments of listening to members of the
constituency

Wakkary offers the metaphor of horizontality for a more generous
designing-with. Horizontality, in contrast to verticality, gives up
the powerful position of an all-seeing human and calls for “a fall
to the ground” [111:251], to be alongside other humans and non-
humans. Through this, the contact points between humans and
nonhumans are expanded, increasing the multiplicity of relations.
In the weaving stories, we recognize this horizontal position of the
FA when experiencing and reframing moments of disturbance.

In the story of Following Knots, we told a story about an event
that allowed us to pay attention, to notice the knots that abruptly
stopped our warping process. But it is essential to understand that
this was a disturbance for us, the humans warping the beam and not
necessarily for the thread itself. Anna Tsing proposes disturbances
as an analytical tool that requires awareness of the observer’s per-
spective. It was simply an interaction for the fibre, expected and
even desired by the weaver later on in the process. Disturbances
have the potential to be seen as a generative tool for understanding
relations.

In our third story, we can see disturbances as generative in
practice. Our tools, such as the multimeter and the antenna vector
analyzer, allowed us material insights—even in materials that were
yet to be acquired. Still, using these tools and not others made us
oversee other yarn qualities such as elasticity and the cone the
material was wound on. In the story of the conductive yarn, we
learned that nonhumans could initiate the process of recruiting
for the constituency. In our case, the coming together of the Itema
r9500, the Elektrisola, and the spool it was wound on prompted a re-
assembly within the constituency. The recruitment of new material,
a new member of the constituency, required preparatory work that
resulted in requirements such as choice of the spool and a range
of conductivity. This clarifies the work of the speaking subject as
ongoing: recruiting, maintaining, and attending to the constituency
happens before design but is open to contestation. The Elektrisola
expressed its non-participation, and the speaking subject chose to
find a different yarn to work with. Recruiting for the constituency
can also mean excluding and choosing one nonhuman over another.
In this case, the speaking subject prioritized working with the Itema
r9500 loom, which excluded the Elektrisola from the constituency.

We see the commitment of understanding disturbances within
design research more deeply as an ontological opportunity, in line
with Leahu’s investigation into machine learning glitches. Leahu
highlights not only the chance for approaching such surprises as on-
tological opportunities but also the particular commitments needed
to consider thingly expressions (such as glitches, errors, crashes, and
breakdowns) as learning moments or even simply as the revealing
of human-centred blind spots. Other design research has considered
such expressions though primarily for its potential for aesthetic
interactions, such as breakdown and repair [59], wabi-sabi [108],
impermanence and patina [68, 69, 107], traces [46, 102], decomposi-
tion [74, 79], un-crafting and fragility or magic [2, 63]. There is also
an area of research reporting on mistakes, unintentional aspects,
and re-framings in design research practice [44, 57, 88, 106]. The
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notion of disturbances within designing things is a way of horizon-
talizing, revealing, and generating aspects of the constituency.

9 CONCLUSION
This paper developed repertoires: actions the human designer can
perform in a posthuman understanding of design.We explored three
anthropologically derived methods to provide accounts of weaving
events the first author was involved in. We contribute three reper-
toires that can increase nonhuman participation in design practice
through critical reflection of these accounts. We also contribute an
example of applying the theoretical framework of Designing Things.
Future work will include using these repertoires in other design
research projects and further developing repertoires with different
approaches, such as Vinciane Despret’s reframing of research ques-
tions [16] and Donna Haraway’s multi-species kinships [51]. We
also invite design researchers to explore other approaches beyond
Wakkary’s suggestions that share similar posthuman assumptions,
as we did by including Watts’ describing the landscape [114]. While
we have provided one way to develop repertoires, we acknowledge
that there are possibly many more. Our work currently lacks clar-
ity on the selection criteria of such starting points. The work of
developing repertoires is explorative in understanding what they
are and how they relate to other activities of design and HCI.
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