©~Copyright 2025
Gabrielle Benabdallah






Hermeneutic Engineering:
Material and Conceptual Tools for Open Systems

Gabrielle Benabdallah

A dissertation submitted in partial fulfillment of the
requirements for the degree of

Doctor of Philosophy

University of Washington

2025

Reading Committee:
Daniela K. Rosner, Chair
Nadya Peek, Chair
Audrey Desjardins

Afroditi Psarra

Program Authorized to Offer Degree:
Human Centered Design & Engineering






University of Washington

Abstract

Hermeneutic Engineering:
Material and Conceptual Tools for Open Systems

Gabrielle Benabdallah

Co-Chairs of the Supervisory Committee:
Daniela K. Rosner
Human Centered Design & Engineering

Nadya Peek
Human Centered Design & Engineering

In this dissertation, I argue that technological participation requires the parallel develop-
ment of open technical systems and of interpretative practices that enable people to mate-
rially engage with, question, and reconfigure computational systems. Drawing from literary
theory, textual studies, and the history of writing technologies, I present three case studies
examining different modes of writing-with-machines. Imprimer, a computational notebook
system for CNC milling, demonstrates how digital fabrication becomes interpretative when
the system provides the space for engaging with complexity rather than abstracting it away.
The Data Epics project transforms domestic IoT data into fiction, revealing how narra-
tive modes of data representation made personal data simultaneously more and less legible.
The Automated Writing Exercise inquires into text generation with large language mod-
els, exploring how automatic writing and algorithmic continuation create recursive spaces
for material and interpretative engagement. Through an analysis and discussion of these
three case studies, this dissertation suggests that participation in technical spaces does not
come only from increased technical expertise but from interpretative openness, which can
be enacted through 1) systems that scaffold complexity rather than hiding it, 2) modes
of representation that materialize or visceralize computational artifacts, and 3) approaches

that leverage the biases and glitches of systems as entry points into computational spaces.



By positioning interpretation as a material practice, and engineering as always contain-
ing latent spaces for interpretative work, I propose hermeneutic engineering as an orienta-
tion that questions the fixity and opaqueness of computational systems, accessible only to
experts. Hermeneutic engineering thus encourages a change of attitude towards computa-
tional systems, from fixed and definite entities to sites of ongoing inquiry, reconfiguration,

and material exploration.
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CHAPTER 1

Introduction

1.1 Tools for Thought

Technological systems are never only technical. Technical objects and systems carry both
the reification of processes (how they work) and the inspiration of possibilities (what they
enable). To engage with technical artifacts and systems meaningfully therefore requires
not only fluency in their operations but also attentiveness to the interpretive practices
that make them legible and usable. In other words, it requires both attention to the
“imaginaries and materialities” they join together [149] . This dissertation argues that in
order to cultivate more convivial forms of computation, researchers and designers must
attend to both the technical architectures of systems and the cultural practices that
shape how they are used and extended. This requires open systems, i.e. systems that
can be easily modified, repaired, and extended [13]. It also requires the development of
a technical culture, i.e. a culture that pays attention to how materialities shape inter-
pretative processes. Openness, as I define it in this dissertation, is therefore not so much
a proprietary status (as in open software or hardware) but a mode of engagement; a
condition for a sustainable, and sustaining, technical culture that supports interpretation
and appropriation.

This argument is not new. Perhaps no fields have investigated the intersection of the
material and the semiotic more thoroughly than media studies and textual studies. In
Programmed Visions, Wendy Chun argues that software is both an operational substrate
and a set of metaphors and habits; a medium that is simultaneously executable and
ideologically encoded [25]. In Mechanisms, Matthew Kirschenbaum offers a forensic ap-
proach to digital materiality that shows how digital objects retain traces of their histories
in their material substrate, and that a dual interpretative and technical form of inquiry
is required to read them [78]. Johanna Drucker, in Graphesis, extends this argument by
demonstrating how visual forms, such as diagrams, digital interfaces, layout, and typog-
raphy, actively construct knowledge rather than only representing it [42]. Taking the text
as a prime example of the role of materiality in the production of meaning, she writes
that the text is “an event, rather than entity. The event is the entire system of reader,
aesthetic object and interpretation ... . A text is a highly complex system, containing a
host of thermal sinks and basics of attraction” [41].

In this view, even the highly symbolic and conceptual technology of text is a system
that depends on particular material arrangements to operate. In fact, if we dive into
the history of textual technologies, we’ll find many useful models to think not just the
interplay of meaning and materials, but also of how complex technical systems become
progressively more accessible, open, and convivial.



1.2. The Example of Writing as an Open
Chapter 1. Introduction System

1.2 The Example of Writing as an Open System

Let’s take the example of writing in Europe in the Middle Ages. By that point, phonetic
writing (writing the represented sound and not things and ideas, like pictograms) was a
technology that had been around for about four millennia and that relied on the highly
developed technologies of the codex (book in its bounded form) and paper [64]. Still,
writing was painful, laborious, and exclusive. Books were heavy and chained to desks;
script was dense and difficult to decipher; reading was slow, and writing slower still.

The very act of inscription left marks not only on parchment but also on the bodies
of those who wrote: backs hunched, eyes strained, hands numbed, medieval scribes were
acutely aware of the toll. They left marginal notes that resonate with traveled through
the centuries to describe the agony of writing: “Thank God, it will soon be dark.” “I am
very cold.” “Oh, my hand” [98].

Figure 1.1. 15th-century miniature of the priest and
translator Jean Miélot. Public domain.

These laments reveal something about the early epistemic ecology of writing, namely
that textual production was as much a physical ordeal as a cognitive one. Writing is
far from being the smooth vector of thought it is often considered to be, but a labori-
ous encounter between fallible bodies and highly produced surfaces, requiring expensive
materials, training, and infrastructure. Writing was exclusive by design.

What changed? Not the technology itself but its material supports. A series of tech-
nical innovations, accumulated over centuries, transformed writing into a more convivial
medium—one that could be appropriated by more people, in more contexts, for more
purposes. The printing press, of course, figures prominently in this history. As Eliz-
abeth Eisenstein argued, the advent of print in early modern Europe radically altered
the conditions under which texts circulated, read, and endured [46]. But the press was
only part of the story, and in fact, it built on several previous technical development:
the normalization of the caroline minuscule, a script which developed as a calligraphic
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standard in medieval Europe; the refinement of smooth paper; and binding techniques,
among others [87]. Books became smaller, more portable, thanks to changes in folding:
instead of folding the sheets in two (in folio), they were folded in eight (in octavo) in the
15th century. Literacy spread not only because more people were taught to read, but
because more people were invited to through increasingly “friendlier” text interfaces and
systems.

Abcdef
gbl]kl

mpopq

F{Tuxy

Figure 1.2. Many calligraphic and technical inno-
vations preceded the invention of print.
The caroline minuscule was a script de-
veloped in the 8th century and became
a calligraphic standard in Europe. CC
BY-SA 3.0

Writing gradually became integrated into daily practices, and that transformation was
enabled through the design of new interfaces, which in turn fostered new conventions,
and formats. Philosopher of technology Pierre Lévy reminds us that the words that make
up the information and discourses of culture “are materialized, connected, presented,
and highlighted for the reader by a network of interfaces accumulated and refined over
centuries. Remove or add a single interface within the technical network of writing at
any given moment, and the entire relationship to the text is transformed” [87].

When Ivan Illich cites the alphabet and the printing press as the epitomes convivial
technologies [68], he overlooks the slow technical and cultural processes that made them
so. Writing, like any technical system, became more accessible not through more abstrac-
tion and the hiding of complexity, but through the iterative development of practices and
tools that allow that complexity to be navigated and reconfigured by others. In other
words, writing became seamless not by hiding its seams, but through technical and cul-
tural developments that made its seams interpretable. In this light, writing offers a
powerful historical model of what I would call interpretive fabrication: the mutual cali-
bration of conceptual and technical configurations such that meaning and materials can
circulate without becoming fixed. The printed page, in all its apparent stability as an
interface, was once a site of intense experimentation. Its legibility was hard-won [46, 73],
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and its openness, far from being an intrinsic attribute, was a slow and gradual process of
cultural and technical development. As I turn toward computational systems in this dis-
sertation, the example of writing will be instructive to remember that the most enduring
technologies of thought have always been those that welcomed interpretation.

1.3 Making Open Computational Systems

The aspiration for openness in computational systems has long animated the imagina-
tion of technologists, educators, and activists. From the ethos of open source hardware
loshwa] to the maker movement and the development of Fab Labs around the globe [47],
openness has been presented as a technical principle: systems should be non-proprietary,
designed to be extensible and shareable. Indeed, the open-source paradigm has radically
reconfigured the production and circulation of software; and with initiatives like the Cre-
ative Commons and the open hardware movement, it has extended into material domains
as well; “personal fabrication,” for instance, promised to democratize production in ways
once unimaginable [53]. Yet this technical vision of openness often falls short of its eman-
cipatory claims. Even when CAD files are freely available, the infrastructures required to
use them, such as the equipment, as well as the training and the time to make things, are
not equitably distributed. The material conditions of participation remain skewed. As
scholars such as Daniel Cardoso Llach have shown, the cultural imaginaries embedded in
systems of digital design still largely reflect the epistemologies of their originators: often
white, Western, male, and technically elite [91]. Openness, in this context, is more a ques-
tion of access and epistemic legitimacy, that is of who is imagined as a valid participant
in the technological landscape.

I build on decades of rich scholarship and research that seeks to expand participation
inm and approaches to, computational making. The High-Low Tech group at MIT, for
instance, directed by Leah Buechley between 2009 and 2014, sought to broaden partic-
ipation in the development of “high tech” systems (computational) through “low tech”
fabrication approaches (sewing, knitting, weaving, etc.) [151]. “Hybrid” approaches to
computational fabrication were considered to bring expressivity and a more material-led
relation to making than traditional approaches to CNC fabrication. In recent literature
in design research, making has been articulated as a form of inquiry, in methods such as
humanistic inquiry [128], design fiction [18, 18], or critical making [123].

Yet, even “print-based disciplines,” to use N. Katherine Hayles’s expression [63], are
always making, even if only printed objects through writing. In Making Things and
Drawing Boundaries, media scholar Jentery Sayers writes that technical making is often
“conflated with (superheroic) command over people, situations, and things. In present-
day “maker” cultures, consider the ubiquity of remarks such as “getting under the hood”
or “knowing the nuts and bolts,” which tend to fuse logic with mastery, control with
masculinity, engineering with rationality, and programming with revealing” [128]. Other
approaches to participating in technical spaces are possible, often through the break-
downs and frictions, dislocations and discontinuations, the “hiccups and ambiguities” of
computational and electronic systems, which Sayers call conceptual matter.

In this dissertation, I propose an additional perspective on making, one that treats it
as both a technical and interpretive project. Through a series of case studies, I show how

4



1.4. The Role of Interpretation Chapter 1. Introduction

practices of making can foreground openness not only as a technical agenda but also as a
cultural and epistemic orientation. This approach is grounded in a close engagement with
materials and an attention to their mediating role in meaning-making and appropriation.

1.4 The Role of Interpretation

What do I mean by interpreting? Chapter 2 of this dissertation more carefully discusses
the traditions I draw from when articulating this concept, but I want to quickly introduce
my own understanding of this key term in my dissertation. Interpretation is often associ-
ated with textual analysis and close reading; practices of careful attention and analysis of
textual content. Indeed, interpretation historically emerged out of engagement with tex-
tual content, but developed in the 20th century into a broader philosophical project [59].
My own perspective on interpretation is heavily influenced by this literary and philosoph-
ical tradition, shaped by Wolfgang Iser [70] and Paul Ricoeur [125], among others, but
also by a new generation of French literary theorists such as Yves Citton, Marielle Macé,
and Thomas Vercruysse, who, while influenced by the philosophical hermeneutic tradi-
tion, developed an original approach to the work of interpretation and how it serves as a
useful method for areas of inquiry such as politics [29], aesthetics [94], and epistemology
[163].

I am particularly indebted to the work of literary historian and media theorist Yves
Citton, who argues that interpretation is more than an analytical practice but a general
condition of social and cognitive life [28, 30]. Citton claims that interpretation is the
activity by which individuals and collectives reorganize existing elements (symbols and
signs, but also gestures, or tools) into meaningful configurations. He writes:

“To interpret a text—according to the modalities at work in literary education or
literary criticism—involves quite a different and more active attitude, insofar as it rests
on questioning at least one of the three implicit assumptions that govern conventional
reading. Either the interpreter is led to critically examine the code used, in order to clarify
how it functions and what its possibilities are; or they come to perceive discrepancies
between the way they decipher the text and the way they analyze the context of their
reading; or they experience doubt, dissatisfaction, or frustration with what the text is
presumed to offer as meaningful or relevant; or, finally, they find themselves facing a
crisis on all three fronts at once (which is perhaps the most common case of interpretive
activity).” [27]

While the literary mode of interpretation represents one extreme pole of interpretative
work, this description by Citton is useful in identifying three modalities of interpretation,
as well as its general movement with regards to an object of inquiry. In each of the
cases described in the citation above, one enters interpretative work because one wants
to understand how things (or the thing) work, whether on a semantic, aesthetic, tech-
nical, or other level (often times many levels are involved). And this mode of inquiry
emerges when there is an opaqueness or strangeness (“in order to clarify”) or because the
expectations of reality are not being met (“to perceive discrepancies”), or in the most
extreme cases, because of frustration or doubt (“facing a crisis”). In all three cases, the
proper movement of interpretation is one of distance rather than adherence, as one might
experience when encountering a “fact.” Facts are indeed the modalities of knowledge that
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invite no distance, because we have adhered to them: the sun is a star, water boils at
100 degrees Celsius, Ronald Reagan was the president of the United States of America in
the 1980s. As soon as I enter the interpretative mode, I unstuck myself from the fact to
figure out how this is accurate (water boils at 100 degrees celsius, but only at sea level
atmospheric pressure—it might be different at higher altitudes).

In the context of encounters with computational artifacts, the interpretative mode is
often active. At the most basic level, one might encounter a new piece of software and
poke around to figure out how it works, making implicit decisions about which features to
ignore and which to explore further based on one’s needs. At the most extreme level, one
might experience dissatisfaction with a particular tool (say, a CNC machine) or digital
phenomenon (say, data), and decide to modify said tool or to reconfigure modalities
of encounter with said digital phenomenon. That too, I argue, is the proper work of
interpretation.

To make, in the sense I propose, is also to interpret. Making is always a process of
weaving together a variety of resources, whether technical, affective, historical, into forms
that both function and signify. The kind of interpretative making I discuss in this dis-
sertation is both technically specific and conceptually expansive. It is experimental and
exploratory by nature, because it is more an activity of inquiry than it is of production.
Interpretive practices enable appropriation without mastery. They allow for interaction
with complex systems even in the absence of full control or complete understanding. It
is a different orientation to fabrication that centers relation over execution, responsive-
ness over optimization. Not to say that one is better than the other, that execution
and optimization are somehow ethically deficient whereas relation and responsiveness are
more humane. All are required, always. Simply, participation in the technological land-
scape has inherited a history of technical performance that has prioritized narratives of
production rather than process, of progress rather than remaking. Making should be
more about re-making; about the reconfiguration of existing artifacts and systems, not
for innovation’s sake, but for appropriation and participation.

Bringing this back to the question of openness: a technical system is not truly open
if it can be modified only by those with formal engineering expertise, or only in the ways
foreseen by its designers. Openness must be cultivated through usage practices that in-
vite interpretation, that is practices that support (material, conceptual) experimentation
and engagement with complexity. These practices often will scaffold entry, support par-
tial understanding, and allow for repurposing in contexts the system was not originally
built to accommodate, as I will describe in the following chapters. This requires rethink-
ing not only technical architectures but also the cultures of making and use that grow
around them. The projects explored in this dissertation are experiments in cultivating
interpretive engagement with computational systems. They explore how openness is en-
abled through the development of more legible systems and more explicitly interpretative
practices.

To insist on interpretive engagement in the context of technical participation is an
invitation to reconsider how knowledge itself is produced and validated. There currently
seems to be a split in how technical expertise is construed: one epistemic approach is
grounded in partial understanding and situated experience [60]; the other in technical
precision and validation [134]. The section that follow take up this simplistic split and
troubles it as an epistemic seam that in fact joins together a common objective of tech-
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nological participation, but from different sensibilities.

1.5 Cultural and Instrumental Approaches to Technology

The contrast between interpretative and technical epistemologies—to go fast, between
the humanities and engineering—is often imagined as a disciplinary or cultural divide:
the former oriented toward meaning, and the latter toward making. This dichotomy has
been reinforced historically by institutional boundaries and epistemic conventions, as well
as by the media ecology that scaffold each domain: books, essays, and marginalia on the
one hand, schematics, blueprints, and more recently code, on the other. Consequently,
the humanistic and engineering traditions have also been connected with different at-
titudes towards technology, which historian of technology Eric Schatzberg describes as
the cultural approach” and instrumental approach” approach to technology [129, p. 12].
The first is “human centered” and views technology as a “creative, value-laden human
practice. In this view, all humans are the rightful heirs to technology, not just techni-
cal elites.” The instrumental approach, by contrast, views technology as a mean to an
end, and therefore devoid of values and sitting “outside of culture,” to paraphrase French
philosopher Gilbert Simondon [135].

Yet, it is important to note that these distinctions, as Schtazberg points out, are
specific to scholars of technology—mnot makers. Engineers themselves would most likely
agree that there is a cultural dimension to the systems they build, and several view their
work as the expression of ideological, political, and social projects [129]. The instrumental
view, however, is not without sway in how it shapes culture, effectively effacing the role of
human agency and promoting a technodeterminist view which has very real consequences
in how computational systems serve to accumulate and retain power [110, 111, 146].

My own interest in these questions is in how these traditions shape possibilities of
participation in making and remaking technology. Currently, the options seem to be
to either develop critical and historically informed perspectives on technology through a
humanistic curriculum that is woefully disconnected from the reality of technical practices,
or to train as an engineer and forego the kind of training that is perhaps the most
important one can receive in a formal context in the age of Al: the training that teaches
one how to think, and to be aware of its own metacognitive propensities.

The binary between interpretative and technical epistemology also obscures a more
generative insight: that interpretative and technical epistemologies are not so much dif-
ferent in kind as they are in material substrate. Both are modes of inquiry (ways of
knowing the world) grounded in the selective reconfiguration of existing forms. Both
are engaged in processes of analysis, synthesis, and transformation. What differentiates
them, crucially, is not their aims, but how they evaluate their aims: one through the
realization of thought processes in the form of writing (most generally), and one through
the realization of thought processes through materials, which we call things (artifacts,
tools, systems).

The gap between writing and things—between les mots et les choses, as Foucault
might have said [48]—is really where the rubber hits the road when it comes to epistemic
categories (and ontological ones as well, but that is another dissertation). Interpretative
epistemologies have long privileged the symbolic and the conceptual: they work through
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language, metaphor, narrative, critique. Their materials are soft, malleable, and open-
ended; words are polysemic, always, which encourages reconfiguration. As Simondon
wrote, “there is no difference between discovering a meaning and existing collectively”
because meaning is a property of relation; words facilitate relations [136]. By contrast,
technical epistemologies are often operate through systems that seem more definitive:
circuits, enclosures, even algorithms. But this perceived rigidity is an illusion; compu-
tational systems are no less malleable than words, than only require different tools and
literacies. They, too, are open to transformation and they, too, facilitate relations.

Additionally, the very process of making tools and systems is itself an interpretative
process. American philosopher Donald Schon has shown in The Reflective Practitioner
that design and technical work involves ongoing processes of reflection-in-action, in which
the designer or engineer engages in a kind of conversation with their materials [130].
Schon’s emphasis on the iterative nature of expertise challenges the binary distinction
between conceptual and procedural knowledge. Engineering too is interpretive.

This insight has become increasingly urgent in the context of computational technolo-
gies, which often demand both interpretative and technical fluency. Matthew Kirschen-
baum demonstrates how digital systems and standards, such as file formats and disk
images, require interpretative reading [78]. His forensic approach proposes tools to read
how digital objects retain traces and inscriptions. Engineering practices are of course
shaped by cultural values, histories, and social imaginaries, as shown by Daniela Rosner
[126]. Rosner offers a vision of technical work as a form of storytelling, in which materials
participate in the ongoing negotiation of meaning. Even when oriented toward function-
ality, engineering and computing involve the continual reinterpretation of constraints and
affordances. Seen from this vantage point, the interpretative and the technical are not
separate cultures, as argued C.P. Snow in the 1960s [139], but different inflections of a
shared pursuit: making sense of the world through engagement with its forms. The key
difference lies in the resistance of the medium. Media ecologies profoundly shape the pos-
sibilities of knowledge, as several scholars across disciplines have shown [48, 46, 45, 64,
34, 115, 61]. The physicality of the medium matters: concepts and symbols afford a kind
of plasticity that materials like silicon or aluminum do not. But this does not mean one
is expressive and the other merely “instrumental”. Rather, the expressive possibilities of
each emerge through their specific material constraints, whether the material is language,
code, data, wood, or clay. Technical epistemologies, like interpretative ones, are grounded
in this expressivity.

Engineering, in fact, has deep roots in craft traditions, as Eric Schatzberg notes. The
disciplinary distinctions that later emerged between “technical” and “cultural” work were
the result of complex institutional and industrial dynamics [129]. Today, there is a need
to recognize that technology is a a human reality, to paraphrase Simondon [137] and
therefore the purview of humanistic and social science inquiry, that is of interpretative
epistemologies.

This dissertation discusses three case studies in which technical systems are treated
as interpretative media, and interpretative practices are extended into technical domains.
Rather than holding these epistemologies apart, I propose that their overlap offers a more
useful foundation for building open, legible, and convivial technologies. The goal is not to
dissolve all difference between technical and interpretative ways of knowing, but to attend
to how they might inform and enrich one another through their distinct orientations. To
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engage with technology meaningfully, we must think both with our tools and about them.
We must interpret not only texts, but systems. This dissertation is an invitation to see
technical systems not as finished artifacts, but as events, to use Drucker’s term—moments
in an continuous technological and cultural unfolding. Hermeneutic engineering is an
invitation to imagine what technological participation can look like across a wide spectrum
of technical fluency.







CHAPTER 2

Interpretation and Openness

“Hermeneutics of difficulty consider that
the [idea] of literal meaning [in texts] is
problematic ... . It will be interpretation
which supplies the meaning. Meaning is not
inherent to the text but to the interpreter,
who takes responsibility for its risk. Inter-
pretation is therefore understood ... as a
school of responsibility.” ”

—Thomas Vercruysse, Kairologie: Pour une
poétique de la circonstance, 2021 (my trans-
lation) [163, p. 43].

2.1 Introduction

What is interpretation? In this chapter, I argue that the process of interpreting some-
thing is always process of appropriation and adaptation. Through the example of literary
and media interpretation, I show that there is always a form of reconfiguration or trans-
formation at play in interpretation, making the activity a creative and hands-on modality
of engagement.

American artist and theorist Victor Grauer has developed, since the 1970s, among
other philosophical and artistic projects, a very ambitious theorization of artistic prac-
tices according to modernist theory. In some ways, his theorization was developed in
parallel and in echo of what French philosophers Jean-Francois Lyotard or even Gilles
Deleuze were developing on the other side of the Atlantic. His unified theory of the arts
was based on the notion of field, which he defines as “a kind of invisible controlling space-
like region or extent within which certain types of activity have the potential to take
place” [56]. Having absorbed much of post-structuralist theory, Grauer was interested
in semantic fields in particular, to which he drew parallel with field in the domain of
physics: “For Faraday, followed by Maxwell and Einstein, what is fundamental are the
fields—electromagnetic, gravitational—through which forces and matter can be under-
stood to operate. Similarly, we can consider a syntactic field as a controlling, determining,
fundamental entity of function by means of which syntax and signs can be understood
to operate.” The notion of syntax is crucial here, and signals, in accord with its Greek
etymology, that syntax is about placing (-taxis) together (-syn) various elements within
a structured space that allows to identify said elements by seizing the different relation-
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ships that constitute them. Without a clearly defined syntactic field, no figure can ever
be identified in a satisfying way. They are only apparent as undifferentiated, ambiguous
marks (in the visual domain) or noises (in the aural domain), marked by indecipherabil-
ity. But what Victor Grauer is interested in is less the absence of a syntactic field than
the eruption or the manifestation within an existing syntactic field of phenomena which
he calls “ungrammatical.” In the realm of music, an ungrammatical occurrence would be
perceived as a jarring note within a certain melody. In the visual realm, Graeur gives the

example in Figure 2.1.

Fig. 1
J Fig. 2
Fig-3 Fig. 4

Figure 2.1. How “ungrammatical” moments can
happen in the visual domain, according
to Victor Graeur [56].

Figure 1 shows a parallelogram which is inscribed within a two-dimensional field
without necessarily evoking anything else but itself. If we add a few marks, the second
figure suddenly indicates a three-dimensional space and also evokes a house with a door.
It also creates a polarized orientation within the perceptual field. If we add more marks
to the original parallelogram, we get figure 3 which keeps the three-dimensional space and
the evocation of a house but articulates a different polarization of the perceptual field.
Something “ungrammatical” happens with figure 4 which, by compiling figures 2 and 3,
suddenly makes it impossible to perceive the original parallelogram according to a stable
and non-ambiguous orientation.

This principle of the “ungrammatical” is tied to the modernist evolution of painting
towards abstraction, which by definition is self-referential art, drawing the viewer’s at-
tention to the phenomenality of painting itself, rather than a subject matter per se. This
is because the experience of the ungrammatical cannot be reduced to the categories of
perception within which we try to make sense of “syntactically correct” figures and ele-
ments. Instead, the ungrammatical invites the viewer /listener /user to perceive the very
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materiality of the object that presents itself to their attention. It disrupts meaning to
the extent that it momentarily dislocates the expected configurations of the perceptual
field, and by extension, of the semantic field. It produces a certain undecidedness that
allows for multiple interpretations and meanings to emerge.

Graeur’s ideas about the syntactic field and the ungrammatical are relevant not just
to the arts but to technical systems as well (after all, the Greek tekhné does mean “art” or
“system of making or doing”). What is “ungrammatical” in the objects of culture is what
Jentery Sayers calls the “discontinuities and ambiguities” in computational systems, and
always opportunities to realize “the inability to unmoor materials from how we interpret
materials” [128, p. 17].

To identify and grapple with what is ungrammatical, complex, ambiguous, discontin-
ued, opaque, “black-boxed,” is the proper work of interpretation.

The interpretative approach cultivates a way of engaging with the world that extends
to all forms of human productions. It trains the mind to see how meaning is constructed,
both materially and conceptually; how the specificity of media informs content: how
news articles rely on metaphor and rhetorical framing to shape political narratives; how a
documentary’s authority rests on techniques of lighting, editing, and sonic affect; how even
photographers who seek to merely “show reality” are always “haunted by tacit imperatives
of taste and conscience” [140, p.4]. To interpret is to unearth these mechanisms, to see
more clearly the aesthetic, rhetorical, and material conditions under which knowledge,
perception, and reality itself are produced. This is the beginning of an interpretive
sensibility: a way of reading the world, less as a fixed collection of facts or things, but as
an ongoing production—a world continually made, and remade through attention.

Machines and systems are always already embedded in social imaginaries and shaped
by human choices [149, 157, 110]. Yet, for most people without technical training, com-
putational systems remain largely illegible. A smart camera or a chatbot is rarely ap-
proached as the product of a particular series of formal, technical, and aesthetic choices.
Instead, they present themselves as fixed, closed, and “given.” Even when their mechanics
are transparent, like the graspable form factor of a mug, they often seem to resist inter-
vention, as though their existence had been decided elsewhere, in distant and inaccessible
domains of technical authority. They appear not as arguments, or invitations, but as
facts.

Philosopher Gilbert Simondon wrote that “Culture has constituted itself as a defense
system against technics; yet this defense presents itself as a defense of man, and presumes
that technical objects do not contain a human reality within them” [135, p. 9]. Tech-
nical objects and systems, which include computational ones, are overly determined by
the fact that they are functional, means to an end, according to Simondon. But what
would it look like to consider tools as human productions that express just as much about
human artistry and experience than films or texts do? To let tools express their “inner
lives” or manifest “inventive spontaneity” [137, p. 251]7 What if technical systems were
approached less as finished products and more as materials—malleable, and open to in-
terpretation? What if, instead of seeing them as opaque and finished, people encountered
them as grounds for intervention and reconfiguration? To think of technical systems as
materials is a reminder that these systems are made—and can therefore be remade.

Interpreting and remaking the technical world is essential if we are to live meaningfully
within it. Simondon’s argument on the alienation caused by the misunderstanding of
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technical objects is grounded in the observation that as long as any aspect of human reality
is not integrated into culture, culture remains unbalanced. Interpretation is the necessary
precursor to participation—only when we begin to understand how things are made can
we begin to imagine how they might be otherwise. Moreover, interpretation, as opposed
to reading, enlarges life, because it demands active participation in the possibilities of
creating new meanings, new configurations, and new value for the collective. The goal
of interpreting texts, films, plays, or paintings is not to add to the growing mass of
human knowledge. The goal of interpretation has indeed never been knowledge, but
transformation. To understand and appreciate human productions means to engage with
the myriad expressions of human experience, which in turn shape the possibilities of what
they can be. The fact that technical systems have been excluded from this inquiry has
been only one of the many exclusions the humanities were founded on [24].

In this chapter, I lay the groundwork for this view by showing how interpretation
works—what I mean by it, and what kind of “work” it can do. I present interpreta-
tion as both a conceptual and material form of engagement, capable of transforming not
just how we understand the world, but how we act within it. I focus specifically on
literary interpretation, which in the West has a long tradition going back to the ear-
liest texts of the canon, and is a quite mature, and quite technical, field. I begin by
drawing on literary theorist Yves Citton’s notion of interpretation as actualization—a
process through which readers generate new realities by attending to and amplifying po-
tentialities in texts. For Citton, this is not only an aesthetic practice, but a civic one:
interpretation is vital to the functioning of democracy. I then turn to a more historical
and material example: the commonplace book. A humble but powerful media form, the
commonplace book demonstrates how earlier media were used to engage with and make
sense of complex informational environments. These notebooks, which were collections of
quotes, excerpts, songs, recipes, thoughts, and other fragments of post-print early mod-
ern European culture, were idiosyncratic and unpolished; they were not about expertise,
but about participation. They represent a kind of interpretive authorship, grounded in
everyday acts of selection, annotation, recombination, and reflection.

Through these two examples—one theoretical, one historical—I propose that interpre-
tation can serve as a mode of material intervention, and as a methodology for engaging
technical systems.

2.2 Literary Interpretation: A Model for Material Engage-
ment?

If technical systems are to be approached as malleable and meaningful human produc-
tions, we need interpretative tools robust enough to engage with complexity, ambiguity,
and opacity. Interpretation, which the Western literary tradition has formalized and
refined over centuries, offers one such tool. While rarely mobilized in the analysis of
technical artifacts, literary interpretation cultivates precisely the kind of perceptual and
conceptual flexibility needed to navigate complex and layered systems. One particular
tradition of literary interpretation I draw from is textual studies. Textual studies are
historically grounded in the study of manuscripts and printed texts, and has long been
aligned with hermeneutics—the art and theory of interpretation. With roots in classical
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philology, textual scholarship developed methods to address the “instability” of text—the
fact that texts, even printed ones, are not fixed entities but often go through several trans-
formations, whether in the forms of revisions, new versions and editions, adaptations, etc.
The discipline initially involved tracing their transmission and editorial shaping, focus-
ing on the patient (and hopefully comprehensive) work of recording, documenting, and
archiving texts and their versions [57]. But these early practices, as David Greetham
writes, were “not merely a dry, mechanical, tedious investigation of physical fact but, like
all other intellectual activities, operate[d] under various theoretical persuasions” [57, p.
342]. That is, textual studies has always been looking for clues as to the significance of
textual works in their material history; it has always been interpretive, concerned with
recovering the past in service of better understanding how texts are read and valued.

The deep entanglement between textual studies and hermeneutics was made explicit
in the shift away from authorial intent as the sole anchor of meaning. The “New Bibliog-
raphy” [58] and its emphasis on establishing definitive texts through mechanical collation
were critiqued by theorists like Jerome McGann, as well as Roger Chartier, who re-
centered the role of readers, editors, and socio-material contexts [101, 22]. Later, the
field’s engagement with post-structuralism further emphasized that texts are never fixed:
they are always already plural, contested, and situated. This openness to theory, and
perhaps more importantly, to the shift of textual instability from material to semantic
concerns, set the stage for a reinvention of the field in response to the rise of digital and
computational media.

New media—the term used by media theorists to talk about computers—might at
first appear foreign to a tradition so deeply invested in the printed word. Yet textual
studies offers precisely the tools needed to grapple with their complexity. In Mechanisms,
Matthew Kirschenbaum argues that textual studies should be seen as “among the most
sophisticated branches of media studies we have evolved” [78, p. 16]. Building on D.
F. McKenzie’s definition of text—“I define ‘texts’ to include verbal, visual, oral, and
numeric data, in the form of maps, prints, and music, of archives of recorded sound, of
films, videos, and any computer-stored information, everything in fact from epigraphy
to the latest forms of discography” [103]- Kirschenbaum positions textual criticism as
a critical lens for digital media. He notes that while electronic editing projects have
proliferated—such as The FElectronic Beowulf and The William Blake Archive there has
been “very little consideration of digital media themselves from the specific vantage points
of bibliography and textual criticism” [78, p. 27]

This space is where this dissertation intervenes. By treating digital systems not as
fixed artifacts but as ongoing processes, I reframe these systems as materials for inter-
pretative engagement. The legacy of textual studies is not confined to books—in fact,
I argue that because of its consideration of specific media, it has developed capacious
approaches to consider and form meaningful analyses for all media, including computer
systems. The legacy of textual studies is a legacy of attention: to the layers of materi-
als and techniques that shape expression, to the histories embedded in form, and to the
ways these material histories shape interpretive practices. Greetham writes that textual
criticism is “the exemplary discipline for these days of a ‘hermeneutics of suspicion” that
motivates its editorial and interpretive labor [57, p.296]. I see this suspicion as an onto-
logical stance that questions the seeming stability of artifacts, from texts to machines. By
drawing from textual studies as a mode of interpretive and material inquiry, I leverage its
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attentional and hermeneutic practices for the study of digital systems. In what follows,
I turn to another register of interpretative work. Drawing from literary theory, I discuss
the notion of actualization, the process of leveraging the complexity or opacity of texts
(and of all artifacts) to shift existing configurations of perception and value.

2.3 Interpretation as Actualization

The literary tradition is rarely cited in the context of understanding technical systems.
Yet, literary interpretation offers rich insights into how meaning arises not despite ambi-
guity, but through it. These insights are essential when dealing with digital systems that
are often opaque, resist easy explanation, and yet are saturated with social and cultural
charges. By turning to literary interpretation, I aim to reframe our encounter with digital
technologies not as stable systems but as expressive and reconfigurable artifacts.

This view somewhat diverges with the definitions of interpretation given by Jeffrey and
Shaowen Bardzell in Humanistic HCI [11]. The authors argue that interpretation in HCI
transcends functional utility (as in interpretation deals only with how users might under-
stand the function of a system) and instead embeds systems within broader socio-cultural
and ethical frameworks. The authors share two “major formulations” of interpretation
to shed light on what interpretation is and how it works. The first is from the Canadian
philosopher Charles Taylor:

“Interpretation... is an attempt to make clear, to make sense of an object of
study. This object must, therefore, be... in some sense confused, incomplete,
cloudy, contradictory—in other way or another unclear. The interpretation
attempts to bring to light an underlying coherence or sense. This means that
any science that can be called [interpretativel... must be dealing with one or
another of the confusingly interrelated forms of meaning.” [150]

The second definition the Bardzells share is from aesthetic philosopher Noél Carroll:

“Interpretation ... goes beyond the given in order to establish the significance
of what has been given. Interpretation is concerned with significance—for
instance the thematic significance or the narrative significance of an artwork
or the significance of the behavior of a character in a fiction or the interrogation
of the import of a metaphor [...] Typically, interpretation involves the process
of abduction—hypothesizing from the various parts of an artwork to the theme
or message or idea or concept that best explains why the assemblage of parts
before us coheres together as a whole [...] Interpretation aims at excavating
the sense of the work.” [20]

These definitions adhere to a view of interpretation as an exhuming process rather than
a fabrication one, and imply that meaning is tied to intent alone and must be carefully
“excavated” from the murkiness of form by the delicate tools of hermeneutics. In Taylor’s
quote, interpretation is mainly understood as a practice of clarification and revelation.
The objects of interpretation are “unclear” or “incomplete,” their signification muddled,
and interpretation can restore the objects to the full brilliance of their meaning. The
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focus on clarification misses the heuristic potential of interpretation however, not only
as a way to shed light on obscure phenomena but also to create new perspectives on
familiar and seemingly well-known things. In this sense, Carroll’s quote, while also using
the excavation metaphor, points at the role of interpretation as a mechanism of value
production—what he calls significance. Things are not inherently valuable—their value
is determined in the interaction with an audience or a user. Interpretation is the name
given to the work that gives form to value.

Value can be hard to establish sometimes because the artifact or phenomena is not
immediately understood—as might be the case in the context of a complex or novel sys-
tem. This is great news, as things not immediately understood can signal an opportunity
for fresh perspectives. Interpretation, in fact, actively seeks out such moments of opaque-
ness or ambiguity, and treats them “as privileged sites for interpretive work” [28, p. 137].
Yves Citton writes that:

“[a] century of interpretive practice has taught us to turn sites of resistance
to meaning into strategic points for the emergence of “truth.” Nothing is
more tedious than a textual analysis that merely confirms how clear and well-
ordered the narrative is (“well-written,” “rhetorically mastered”). Interpreta-
tion truly begins with the grain of sand that jams the machine that produces
obviousness, ... with the detection of an incoherence, an unexpected detail, a
“deviation” 7 [28, p. 128] (my translation).

The moment of misunderstanding, or confusion, is actually an opportunity, says Cit-
ton. He highlights the transformative potential of interpretation by emphasizing the
value of disruptions, inconsistencies, and ambiguities in a text. Interpretation is not just
a clarifying act, but a reconfiguration of the categories of perception, made possible by an
opening of both the objects of inquiry (text, systems) and of the mind that apprehends
them. Rather than seeking smoothness or coherence, a literary reading thrives on mo-
ments where the text resists easy comprehension, which we might call “ungrammatical”
moments, after Graeur. Literary interpretation matters here because it cultivates the per-
ceptual and symbolic flexibility needed to engage meaningfully with a world shaped by
complex and layered systems. Citton suggests that literature operates not only through
aesthetic immersion but through reconfiguration—of perceptions, of “categories of the
sensible,” of the very structures by which meaning is assigned. Interpretation, in this
view, activates new arrangements.

The lesson here, particularly for interpretation of technical systems, is that complex-
ity should be embraced. Interpretation, as a method, becomes a kind of sensing, attuned
to resonance, rhythm, slippage, and potential rather than certainty or consensus. It is
much more an embodied process than a purely theoretical one. This mode of attention
is precisely what is needed when approaching technical systems not just as artifacts, but
as ongoing processes of socio-technical negotiations [136]. By engaging with objects and
systems in this way, we learn how to work with mechanisms that are hidden. Interpre-
tation provides a method for inhabiting complexity. And crucially, it teaches that this
complexity is not an obstacle to be tamed, but a condition for invention.

In the context of material engagement with digital systems, this means that the ma-
terial “resistance” of machines, algorithms and data can be leveraged as sites of inter-
pretation and inquiry, and lead to more substantive relationship with digital objects.
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Through the opportunities of reconfiguration it presents, interpretation transforms not
only the object of inquiry but also the interpreter, broadening their capacity to perceive
and contend with complexity, ambiguity, and multiplicity in systems.

2.4 Conclusion

So far, I have outlined two key traditions that inform my approach to interpreting tech-
nical systems: textual studies and interpretation as actualization. Textual studies offers
a methodological and historical grounding, showing how attention to materials, and ma-
terial history in particular (which Simondon might have called mecanology [137]) reveal
the constructedness of artifacts. From there, I turned to the idea of interpretation as
actualization, drawing on Yves Citton’s work to suggest that complexity and opacity
are not barriers to understanding but invitations to reconfigure perception and value.
Interpretation, in this sense, is a creative act that remakes both object and observer.

In summary, I have argued that interpretation is not so much a method for clarifying
meaning, but a mode of creative, material engagement with the world. Drawing from tex-
tual studies, I highlighted how media artifacts—from manuscripts to digital systems—are
shaped by layers of technical and historical processes, and that attending to these layers
is already a form of interpretive labor. Building on this, I explored literary interpretation
as a method of actualization, where ambiguity becomes a resource for generating new
meanings and shifting perceptual frameworks. Together, these traditions offer a founda-
tion for rethinking how we approach technical systems: not as fixed and opaque objects,
but as expressive, reconfigurable artifacts open to intervention. This interpretive lens sets
the stage for the case studies that follow, which explore how digital tools and systems
might be re-encountered as sites for situated, material participation .

'Here, I distinguish from Marres’ notion of material participation, which she describes as a “distinctive
mode of engagement” which foregrounds material actions, “like washing or foresting,” as having political
significance or value [99]. By contrast, I define material participation as a mode of engagement with
computational systems that involves some form of material intervention: making, remaking, extension,
customization, repair, maintenance, and/or reconfiguration.
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CHAPTER 3

Writing with Machines

“ A metaphor of weightlessness and immate-
riality dominates computational dis- courses
about design. ... Despite recent appeals
to materiality, particularly in discourses
about “digital fabrication” in architecture,
material formations are generally considered
an effect of these ethereal transactions.
Thus, the materiality of digital information,
its (often messy) substrates—such as wires,
voltages, disks, and drives, as well as the
socio-technical processes involved in its
definition and production—is black-boxed:
hidden from view.”

—Daniel Cardoso Llach, Builders of the Vi-
sion: Software and the Imagination of De-
sign, 2015 [91, p. 32].

3.1 Introduction

This chapter builds on the broader argument of this dissertation: that computational
systems never only pertains to what I call a technical epistemology, but that they are
always building on the legacy of interpretative traditions—often ones inherited from or
entangled with the legacy of print. Each chapter in this dissertation examines how specific
computational practices—designing with CNC machines, interpreting data, writing with
Al—extend or reinterpret models of inscription developed in print cultures. At stake
is the possibility of cultivating a computational humanism, one that makes space for
interpretative practices with and through technical systems, and that cultivates technical
knowledge as an intrinsic dimension of interpretative practices. To frame this inquiry,
I return to a historical divide that continues to shape contemporary relationships with
computational systems: the split between interpretative and technical epistemologies.
On one side lies an interpretative tradition, associated with print culture, where meaning
emerges through selection, framing, annotation, and symbolic reasoning. On the other
side lies a more technical tradition, associated with computation and engineering, often
oriented around implementation, efficiency, and proof-of-function. While these are not
inherent to media themselves, the social and historical development of print and digital
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technologies has fostered these respective orientations.

This epistemic split has shaped disciplinary divides between the humanities and the
sciences, and, more relevant to this chapter, shaped the design of software and hardware
systems. It has also contributed to a broader cultural context in which the interpre-
tative possibilities of computation are often underdeveloped. Despite the emergence of
interdisciplinary fields like digital humanities, design research, and the development of
approaches that seek to bridge material and interpretative epistemologies like critical
making, the dominant computational culture still tends to prioritize solutionism and in-
strumental rationality over ambiguity, reflection, or critique. This is particularly true
in domains like digital fabrication, where the user is often positioned as an executor of
commands, not a participant in an open-ended inquiry. This observation is in fact the
starting point of the system discussed in this chapter, Imprimer, a system for interactive
CNC milling. The design of Imprimer as a system that relies on computational notebooks
for tool paths design and machine control shows that digital fabrication is an epistemic
practice that generates knowledge on materials, machines, code, community, human and
physical resources, and the workflows that weave all these elements together. Daniel
Cardoso Llach, who researches computational design and fabrication media, calls these
elements the “social, technical, and material substrates” of inscriptions, that is the tech-
nologies of representation that enable computational fabrication [91]. These technologies
of inscription are precisely the ones that this chapter focus on, specifically computational
notebooks, and their analog counterparts, developed through manuscript and print cul-
ture, notebooks. According to Cardoso Llach software embodies theories of design, and
structure the very possibilities of interaction between human and machine. Representa-
tion, in this context, is a site where thought is first externalized, and later formalized
to produce various effects—in the case of CNC, to automate fabrication processes and
operations.

Cardoso Llach shows, like David Noble [110], that the genealogy of digital design
tools is rooted in the Cold War ambitions of simulation, control, and prediction. The
drawing tools of CAD systems are descendants of inscription devices that were designed
to regulate and control as much as to visualize—or perhaps that is always the goal of
visualization. As such, Cardoso Lach’s historical analysis is useful to the argument of
this chapter in that it shows how fabrication became a domain where the epistemologies
of notation and of interpretation—how we write, represent, and externalize ideas—are
intimately linked with the realities of physical manifestation and material life. To draw a
line in CAD is to make a claim about how form should behave under computational and
physical transformation. It is not incidental that Imprimer uses a computational note-
book as the site where fabrication becomes interpretative. The notebook is a format with
a long history that connects it to practices of material and conceptual exploration and
experimentation. From the commonplace books of the Renaissance to the lab journals
of experimental science, analog notebooks have long served as capacious inscription de-
vices that accommodate a wide variety of content and formats. Even in their constrained
physical form, they have displayed a kind of epistemic capaciousness: a tendency to ac-
commodate heterogeneous media, provisional ideas, annotations, sketches, and extensions
across domains. This inherent extensibility finds its full expression in computational con-
texts. As Fernando Pérez, co-founder of Project Jupyter, writes: “Even today’s ‘Jupyter
Notebook’ is a bit of a misnomer. .. [it includes] a file manager, a text editor, a terminal
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emulator, a monitor for running Jupyter processes... and that is just what ships ‘out
of the box,” without counting the many third-party extensions.” [75] The name “note-
book” persists, and I argue that it is the perfect name for this project, because of the
affordances of notebooks to accommodate a wide range of media, contexts, and contents.
Imprimer builds on this legacy of extension. Its Observable-based notebooks both visu-
alize toolpaths and directly dispatch instructions to a CNC milling machine, effectively
transforming the notebook from a representational interface into a machinic one. In this
configuration, the notebook is both an inscription devices (in which programs and doc-
umentation can be written, tool paths visualized and represented) and and fabrication
device. It becomes, in a very real sense, a machinic notebook—a site where inscription
meets material intervention, where writing becomes cutting, and where the legacy of the
manuscript and analog notebook is extended into the realm of computational making.

Imprimer emerges out of the same genealogy that Cardoso Llach traces to the devel-
opment of the Automated Programming Tool (ATP) at MIT in the 1950s, a project led
by Douglas T.s Ross, then a young mathematician who had worked in the Servo Lab.
“Ross’s fundamental concern was representation” writes Cardoso Llach, “[He| pondered
how to represent points, lines, problems, and even complex artifacts such as houses and
circuits, or even language itself... ” [91, p. 43]. Similarly, a key interaction problem with
Imprimer was how to represent tool paths so that the maker could have a sense of what
would happen once the commands were sent to the machine. The solution of Imprimer
to use computational notebooks expanded this initial goal not only by providing graph-
ics capabilities to the flexible interface—especially powerful with Observable notebooks
[113], built on Java script, and which use D3.js visualizations. D3.js is a powerful visual-
ization library developed by Mike Bostock, Vadim Ogievetsky, and Jeffrey Heer, that is
used for creating interactive and dynamics visualizations [33]. But the use of Observable
notebooks to generate, visualize, and dispatch tool paths is also an opportunity for the
maker to engage with the underlying programs that control the machine, which are oth-
erwise hidden in abstractions or hard to edit through straight g-code, which has limited
programming capabilities. This feature of Imprimer foregrounds the representational and
notational nature of fabrication. Rather than hiding toolpaths within proprietary soft-
ware, Imprimer exposes them in a modular, editable, and annotated form. In doing so,
it invites users to engage in fabrication not as execution, but as interpretation: to read,
modify, and experiment with code, material constraints, and visual feedback in an open-
ended loop of reflection and iteration. This shift has important implications for how we
understand the relationship between code and matter, and for how code comes to matter.
Imprimer is an illustrative example of how fabrication is a space of epistemic negotiation
that sits at the intersection of interpretative and technical cultures. Imprimer makes
this explicit by aligning itself with traditions of literate programming [80] and interactive
fabrication [166], traditions which resonate more with the ethos of the art studio than of
the factory—or of a factory “as it might be” [106].

This chapter traces the epistemic and material stakes of that claim. In what follows,
I first describe the system of Imprimer and my role in its development. I then situate
Imprimer in the broader context of digital fabrication research and material critiques of
existing models of computation fabrication. From there, I examine the computational
notebook as both an interface and an epistemic form, drawing connections to historical
practices of inscription, experimentation, and collaboration. I argue that Imprimer is
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not simply a novel interface for fabrication, but an example of how interpretative cul-
tures—rooted in print and manuscript traditions—can reanimate computational practices
toward more open, convivial, and participatory forms.

3.2 The System of Imprimer

Genesis of Imprimer

Imprimer emerged at the intersection of overlapping interests, existing expertise, previous
work, and an understanding of existing limitations in current digital fabrication work-
flows. The project was initiated by Jasper Tran O’Leary, then a PhD candidate at the
Machine Agency lab at the University of Washington, run by Nadya Peek. Jasper became
interested in computational notebooks and, given his background in digital fabrication
research, saw an opportunity to explore ways of integrating literate programming to CNC
milling. A paper by Li et al. [89], published several years prior, presented a design system
that allowed the maker to design toolpaths and directly dispatch them to a CNC milling
machine. This project was similarly framed as an interactive alternative to more fixed,
traditional CNC workflows. CNC workflows mostly follow a rigid, multi-step process,
from CAD (computer-aided design) to CAM (computer-aided manufacturing), before ex-
ecuting machine operations. While this structure ensured precision and repeatability, it
also creates barriers to experimentation and iteration, limiting the creative possibilities
for practitioners beyond industrial contexts.

My own involvement with CNC milling had been shaped by several months of hands-
on engagement and experimentation, particularly in mold-making from winter 2021 to
winter 2022 (see Figure 3.1).

Figure 3.1. Mold making process using the CNC
mill: making a negative mold in foam
using the CNC mill.

I was using the Machine Agency lab’s CNC mill, a ShopBot PRS5 Alpha with a
96x60 work area. My process followed the traditional CAD-CAM pipeline: I would
design the mold in Rhino [8] then generate toolpaths using the ShopBot CAM software
called Vcarve (now Aspire), then dispatch the toolpaths to the CNC mill. My interactions
with the machine were therefore heavily shaped by Vcarve—a software designed to ensure
manufacturability over precision. Every time I ran a job on the ShopBot, I ended up with
a material artifact that was more or less close to what I had in mind. I would then go
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back to the Rhino file, make changes, export a .dxf file, import it in Vcarve, recalculate
the toolpaths, and start a new job. This process did not encourage experimentation, and
did not cultivate material intuition. Especially as a newcomer to CNC milling with no
experience in subtractive manufacturing, I often had very little sense of how particular
designs might turn out. The process of figuring that out required many steps, most of
them spent in front of a computer looking at CAD or CAM files.

When Jasper suggested a collaboration to develop a more interactive way CNC work-
flows through computational notebooks, I was immediately enthusiastic at the oppor-
tunity to try a more flexible, iterative mode of making. Rather than adhering to the
strict separation between design, documentation, and machine execution, we discussed a
system where these elements could coexist dynamically within a single environment.

Over the course of the preceding years in the Machine Agency lab, Jasper and I had be-
come acquainted with two “problems” of traditional computational fabrication workflows.
First, many interactive digital fabrication tools offer limited options for direct toolpath
manipulation and real-time feedback. Traditional CAM software treats toolpath genera-
tion as a fixed, one-directional process, leaving little room for live modification. This rigid
workflow prevents makers from iteratively adjusting their designs in response to real-time
material and machine constraints, limiting the capacity for creativity and adaptation.
Second, conventional CNC workflows require practitioners to navigate multiple software
environments, making it difficult to integrate documentation and iteration directly into
the making process. The separation between CAD, CAM, and machine execution tools
leads to inefficiencies, as designers must constantly shift between platforms and file for-
mats, making it challenging to maintain a coherent and iterative design process. More-
over, literate programming was influential in the fields of data science and data-driven
content production, but we saw an opportunity to extend this paradigm into fabrication,
by allowing users to interactively program, document, and refine CNC processes within a
computational notebook. By embedding machine control within a literate programming
framework, we viewed Imprimer as offering a new paradigm for digital fabrication that
aligns more closely with the iterative and improvisational nature of experimental making.

Overview of Imprimer

Imprimer is a system for CNC milling. I would argue however that, like all systems,
it is also conceptual framework—a way of thinking about CNC milling that proposes a
more reflective and iterative paradigm of interaction with CNC machines. In the paper
presented at CHI 2022 [155], Jasper and I framed this paradigm as a shift from the maker-
as-executor-of-programs to the maker as a writer-of-programs. This was a first step in
conceptualizing what kinds of skills and knowledge were required to use open systems
like Imprimer, which focus less on developing programming abstractions for usability and
more on providing opportunities to wrestle with the complexity of the system. I later
developed this idea further in a paper inspired by the work of French philosopher Gilbert
Simondon, in particular his idea of technical mentality, which also considered the machine
architecture and social organization needed for open systems to become the norm [137].
But before I go further into this discussion, here is a brief overview of how Imprimer
works.

Imprimer integrates a computational notebook (built on Observable [113]) with direct
machine control capabilities, allowing users to iteratively design, test, and refine toolpaths
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within a live programming environment.
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Figure 3.2. One of Imprimer’s notebooks, for sur-
face milling using two variables func-
tions. On the left, other notebooks of
the same collection. On the right, a
minimap of the various sections of the
notebook.

By leveraging Observable’s reactive programming model, users can dynamically adjust
parameters and see immediate visual feedback of their toolpaths, enhancing the design
process (see Figure 3.2). The system also includes built-in support for parametric design,
enabling designers to create customizable templates and modify geometry on the fly.
Additionally, Imprimer supports real-time error checking and debugging, allowing users
to interactively refine their milling instructions while maintaining a seamless workflow
between code, visualization, and physical execution. The system enables users to send
direct commands to a ShopBot CNC mill from within the notebook, eliminating the need
to switch between separate CAD, CAM, and machine control interfaces. It provides real-
time previews of toolpaths and milling parameters and uses a projection-based AR system,
which overlays toolpath previews directly onto the machine workspace. This enables users
to verify and adjust their designs before executing cuts. By interleaving documentation,
code, and visualization, the notebook creates an accessible record of the design and milling
process. One of Imprimer’s most significant contributions is its reframing of CNC milling
as a live, iterative, and exploratory process rather than a strictly pre-planned execution
of a finalized design.
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Core Feature: The Computational Notebook

Imprimer’s most important feature—the computational notebook—is also its greatest
“weakness,” at least in terms of usability. While embedding machine control within a
literate programming environment allows for more direct machine feedback and built-in
documentation, it does not make the process of CNC milling easier. If anything, Imprimer
makes it more difficult—or rather, it requires more of the user, who needs to know how
to program. The cells function as discrete, modular units of the toolpathing program
and can be toggled on and off. This aspect of the interaction we discussed often with
Jasper. The ability to toggle on the cells meant that the users could see the programs
that generated the toolpaths sent to the CNC mill, and even change or modify them.
Alternatively, the users could also decide to keep the cells toggled off, which hid the code,
and simply operate the notebook like a GUI (see Figure 3.3).
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Figure 3.3. Same notebook as before, but the
sliceEnd function has been toggled to
reveal the code. The minimap on the
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For Jasper and I, this was a very interesting feature of the Observable notebooks. In
traditional CNC workflows, operations are often hidden away into abstractions that are
executed in a linear way. By contrast, Observable notebooks enable a more (inter)active
and interpretative engagement with fabrication processes, where the maker can selectively
reveal, modify, and recombine segments of code in real time. This granular control
facilitates an iterative approach to machining, where toolpaths are not static directives
but live inscriptions that can be rewritten, adjusted, and tested dynamically. Within
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the discourse on seamful and seamless design in HCI [69], this would place Imprimer
on the seamful end of the spectrum, deliberately exposing the mechanics of programs
and machine operations rather than obscuring them behind an interface of frictionless
automation. The ability to toggle visibility—to reveal or conceal the computational
underpinnings of a fabrication process—foregrounds the epistemic stakes of making itself.
Jasper and I saw an opportunity to embraces the contingencies of process, demonstrating
how machine agency arises not so much from the seamless automation of machining, but
from engagement of material, computation, and human intervention.

Yet, even between us two, the tension between complexity and usability remained
variable. During one particular work session, Jasper started explaining how a user might
operate a notebook for surface milling (for simplicity and legibility, each notebook con-
trolled a particular type of job or operation, rather than having one very big notebook
that could run multiple ones). He took a sheet of paper and started making calculations,
to show how one might arrive at the equations necessary to write the program for this
operation. I asked: “Are you envisioning this as part of the intervention? Is that what
the user would need to do?” He paused, then said: “Ok, I'm glad we’re talking about
this now.” It became clear that how the system was designed reflected some assumptions
Jasper had on what users could do, based on his own abilities as a trained software en-
gineer. I too started questioning my own assumptions about what users might know or
not know. What might they know about programming? About Observable notebooks?
About CNC milling? Could Imprimer be used by someone who knew nothing of any of
these things? These are, in many ways, the fundamental questions of interaction design
and HCI. We were discovering what it meant to make a system for yourself, for problems
that you have encountered in your practice (in this case, CNC milling), and it is another
to make it for other people, whose backgrounds, needs, preferences, skills, and access to
resources might be widely different.

Yet we were working with a tool that afforded tremendous possibilities: the notebook.
Complexity was definitely part of Imprimer, but it came alongside immense possibilities
for annotation, documentation, and potential collaboration. In other words, the note-
book made the system complex and simultaneously offered a space to engage with that
complexity.

Imprimer reframes CNC milling as literate programming, interleaving documentation,
visualization, and source code to encourage iterative experimentation. This strongly
mirrors how historical notebooks—such as commonplace books, artists’ sketchbooks, and
scientific lab notebooks—allowed practitioners to refine their thinking and document
new processes over time. In the next section, I discuss the role of notebooks in my
own practice, as well as historical cases, to illustrate how notebooks are tools that enable
(and have always enabled) iterative and experimental thinking, material engagement, and
collaboration. Through this discussion, I show that Imprimer draws on a long tradition
of cognitive technologies such as notebooks that make thoughts visible and extends those
capacities into the realm of material iteration. In doing so, Imprimer brings the mature
technical schema of notebooks to digital fabrication systems.
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3.3 Notebooks as Interfaces

“It is often useful to trace these figures and
present them to the external senses in order
to more easily keep our mind attentive.”

— René Descartes, Rules for the Direction of
the Mind, rule fifteen, 1701 (my translation)
[36].

The ‘technique’ referenced in Descartes’s fifteenth rule—the tracing of figures to make
them present to the external senses—might seem to obvious as to seem trivial. It is in
fact so common an act to the members of literate societies that it has become natural,
which in a social context means that is has been integrated into culture.

The insight of the fifteenth rule is important however, as Bernard Stiegler has noted
before, among others [145]: it is that thought, especially the more complex arguments
required for the exercise of reason, is mediated through material representations. Draw-
ings, diagrams, and notational practices all scaffold attention and extend human capacity
to hold complex arguments [42]. This insight is also foundational to the development of
computing [64]. In the specific case of digital fabrication, representation mediates between
computational design and material realization. But while simulations and visualizations
are artifacts that predict how machines will behave, interactions with materials always
introduce unpredictability. The reality of physical constraints and contexts often compli-
cate these abstract representations.

The problem of bridging representations and reality—words and things, to paraphrase
Foucault—is older than writing itself. This was a concern of both Jasper (in the domain
of programming languages) and I (in the domain of natural language), and Imprimer was
developed in response to this. For instance, its augmented reality overlay provides real-
time visual feedback of the milling process, addressing the disjunction between abstract
design and physical execution. But this augmented view foregrounds only part of the
representational challenge, and only the most visible part. It makes the material operation
visible, but not the cognitive processes: ideation, reasoning, iteration, mental annotation.
It is these processes that shape and determine machine operations in the first place,
being in a constant dialogue with the materials. For that, we turn to the computational
notebook.

Computational notebooks are hybrid media environments that weave together code,
prose, and output in a single document. Computational notebooks are a popular example
of literate programming, developed by American computer scientist Donald Knuth [80].
Knuth argued that the goal of programming should be to explain to humans what the
program is doing: “Instead of imagining that our main task is to instruct a computer,”
he writes, “what if we specify a method for communicating programs to human beings?”
[80]. The main goal of literate programming is to treat computers programs as pieces of
literature.

“During the 1970s I was coerced like everybody else into adopting the ideas
of structured programming, because I couldn’t bear to be found guilty of
writing unstructured programs. Now I have a chance to get even. By coining
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the phrase “literate programming,” I am imposing a moral commitment on
everyone who hears the term; surely nobody want to admit writing an illiterate
program.” [80]

While this comment can be read as a playful jab to the normative tendencies of
computing ideas, the “moral commitment” Knuth pushes forward through the idea of
literacy in programming indeed refers to an orientation towards what we might call leg-
1bility, which is one the premises of openness in technical system as I conceptualized it
elsewhere [13]. Knuth’s goal was to make computing not just operational but, we might
say, legible, even interpretive, aimed at clarity and reflection as much as execution.

This orientation is at the heart of the most well known and widely adopted compu-
tational notebook platform, Project Jupyter [75], initiated by Fernando Pérez and Brian
Granger in the early 2000s. As Pérez recalls, he wanted a unified environment that could
combine notes, code, graphics, and output—an “interactive computing environment” for
scientific work. This ambition resulted in what we now call the Jupyter notebook, which
developed into an entire ecosystem, comprising “a file manager, a text editor, a terminal
emulator, a monitor for running Jupyter processes, an [Python cluster manager and a
pager to display help” (as reported in [131]). The Jupyter ecosystem exemplifies what
Schultz calls an “intermediary support,” that is a medium situated between scripts, out-
puts, and explanatory narratives, and used by a diverse range of communities [131]. The
power of computational notebooks indeed lies in their compound format: they serve si-
multaneously as sites for writing code, executing it, viewing its output, and annotating
the reasoning or operations behind it. This co-presence of process and output makes
the notebook a tool of documentation of process—that is, of thinking itself. In their
study of over one million notebooks on GitHub, Rule et al. found that while many note-
books lack detailed explanation, analysts nonetheless use them for highly personal and
exploratory work, often messy, nonlinear, and rich in implicit decisions [127]. In this
sense, the notebook’s flexibility and extensibility—mnot only its capacity to accommodate
a variety of content and media but also to interface with other systems— are its strength.
The notebook accommodates both iterative experimentation and (eventual) narrative
construction, even when the two remain in tension (as they often are).

Indeed, Pérez’s motivation for building Jupyter reveals a deeper value system. He
notes that using closed, proprietary tools to investigate natural phenomena felt incoher-
ent: “I think of science’s mission as opening the black box of nature. It’s a bit nonsensical
to do that with tools that we are not allowed to open and understand” (as reported in
[131]). Here, Pérez links the legibility of tools with the legibility of nature itself, asserting
that epistemological transparency in science requires technical openness in its instru-
ments. Pérez’s statement points to a broader and more political claim: that open tools
foster open inquiry. The computational notebook is open by design, inviting modifica-
tion, supporting heterogeneous practices, and sustaining a culture of experimentation and
open sharing of experiments. As I will argue in the following sections, this extensibility is
not a novel feature of computational notebooks but a continuation of the affordances of
their analog predecessors. Notebooks, both digital and analog, are technologies of exter-
nalized cognition. They shape how ideas are developed, and notebooks have long served
as capacious and flexible media for iterative and exploratory thought. What computa-
tional notebooks offer is an amplification of these qualities: they retain the affordances
of inscription, annotation, and juxtaposition, while adding computational legibility and
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machinic extension.

This section has argued that notebooks are interfaces for open-ended thinking, and
that they are themselves open tools, representational systems that mediate between con-
ceptualization and execution, between humans and machines. From Descartes’s Rules for
the Direction of the Mind to Knuth’s literate programming, to Pérez’s development of a
tool that could support his doctoral work, thought is revealed less as an internal process
than as an operation that is structured, extended, and made legible through external
representations. Computational notebooks embody this principle of legibility and extend
it further, embedding code within narratives, enabling outputs to sit alongside ideas, and
allowing the medium itself to be modified and extended. In this sense, notebooks are
open by design: open to interpretation, open to modification, and open to connection
with other media and systems. In the next sections, I turn to this openness in prac-
tice: how notebooks function as flexible, extensible environments for iterative thinking,
material engagement, and collaborative knowledge production.

3.4 Notebooks as Sites of Exploratory Thinking

There are so many examples of how notebooks enable iterative thinking that several books
would be required to catalogue them. Indeed, many such books exist, from facsimiles of
Leonardo da Vinci’s codices to carefully edited volumes on the notebooks of contemporary
artists. Collections like these reveal the range of what a notebook can hold: sketches,
diagrams, material swatches, photographs, clippings, scattered thoughts, and meticulous
indexes. They show how the page can accommodate layers of thinking, returning to an
idea days, months, or years later to add, revise, and connect.

In the spirit of this dissertation, I turn to my own practice, since notebooks are a key
dimension of my creative and research work. My notebook practice is digital and analog
system spanning multiple media, such as note-taking software; vector and pixel-based
drawing applications; voice transcription software; and analog materials, such as bound
notebooks, loose sheets, pencils, pens, stickers, glue, paper fragments. This constellation
has been recently extended further by machines such as the pen plotter, which allows
digital configurations to be expressed on the physical page in a precise yet open-ended
way.

My Notebook Practice

Notebooks are an integral part of how I structure my thinking, daily experience, as
well as my research and creative practices. Instead of focusing on one single project, I
want to give an overview of how various writing and note-taking tools are integrated in
my creative and research practices. My goal is to show how my thinking and material
investigations are supported by various inscription technologies. By turning to my own
practice of keeping a notebook, I wish to make visible the tacit, often ineffable dimensions
of how thought unfolds, capturing the micro-decisions, hesitations, dead-ends, and latent
connections that might be lost in third-person analyses.

My notebooks are both the object of study and the method of inquiry. As such, they
are experiments in the epistemological commitments I profess—to understand knowledge
as enacted rather than pre-existing.
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Figure 3.4. Notebooks from 2016-2017. The note-
books feature a mixture of handwrit-
ten notes, diagrams, schematics, mate-
rial samples, and material index.

Figure 3.5. Left: page from one of my notebook,
with the rough schematic for an e-textile
pencil case, with a zipper switch and
LEDs sewn in parallel. Right: a repre-
sentation of the resulting artifact (Note:
the image on the right is Al-generated
based on a sketch of the original arti-

fact).
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Consider for instance these pages from notebooks kept in 2016-2017 when I was a mas-
ters’ student at the University of Washington and learning about the field of e-textiles
in Professor Afroditi Psarra’s course. They capture the range of materials that can co-
exist in the notebook: schematics, diagrams, handwritten notes, list, taped-in swatches
of conductive fabric, a material index. My practice of keeping a notebook, of externaliz-
ing thoughts through writing, sketching, and diagramming, aligns with Merleau-Ponty’s
argument when he writes:

“There is no such thing as a thought that is fully thought and does not
call upon words as the means to be present to itself. Thought and speech
anticipate one another. [...] Effective speech makes one think, and living
thought magically finds its words.” [104]

Merleau-Ponty suggests that thought is not fully formed in the mind before expression
but emerges in the enaction of language. Thought, in other words, depends on the
conditions of (material) expression, rather than the other way around. Artist Patricia
Cain’s investigation of her drawing practice similarly emphasizes that thinking is a process
that unfolds through material engagement [19]. Cain builds on Francisco Varela’s notion
of enactive cognition, which states that cognition is enacted in the ongoing interaction
between brain, body, and environment, rather than residing solely in the mind [160].
Distributed cognition extends these ideas by highlighting that cognitive processes are
spread across people, objects, and tools in the environment. If writing and drawing are
modes of cognition, then the tools that enable them are means of structuring thought
through movement, iteration, and response to the material world. In my own practice, I
can see that my thinking is informed by the artifacts I use.

In the last year, my notebook practice has further spilled out of the page through
the introduction of a machine: a pen plotter, which is a type of specialized printer used
for producing high-precision vector graphics. Unlike regular printers, which use a raster-
based approach, plotters draw continuous lines with a pen, blade, or other tool (see
Fig. 3.6). The plotter allows me to bridge the digital-physical gap by maintaining all
the affordances of digital note-taking (archiving, indexing, flexibility) and the embod-
ied dimension of physical notebooks. I started writing my journal entries in a vector
application, which I would then send over to a plotter via another vector graphic soft-
ware, Inkscape. Sometimes, I would writes notes directly in Inkscape and send them over
directly to the plotter.

What is the importance of exploring all these note-taking tools? The practice of
keeping a notebook is akin to having a portable laboratory where data can be collected,
organized, annotated, and (re-)used for various projects and purposes. It is also a space
where thinking can become more exploratory, and where traces of thinking processes
can be captured. The format of the notebook plays an important role in that process.
The notebook is a very mature technology which allows flexibility while supporting many
different types of operations. The notebooks of French painter Fabienne Verdier are
illustrative of the capaciousness of notebooks (see Fig. 3.7). Verdier uses her notebooks
as visual and conceptual laboratories where she can document and explore associations,
data and ideas, as I discuss in the next few paragraphs.

In How the Page Matters, Bonnie Mak writes that the page is both a conceptual and
material construct [97]. In scrolls, the pagina (a conceptual unit) was used to organize
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Figure 3.6. A sequence from my notebook-to-
plotter workflow: plotting generative
drawings, translating digital sketches
onto paper, making texture and color
tests, experimenting with scale, and lay-
out.

information in a way that required manual navigation, while in codices, the material
page and the conceptual page became more closely aligned. The page acts as a discrete
unit of thought, providing a certain regularity despite the wide variety of content it can
accommodate. Whenever new tools enter the notebook workflow, this tool also becomes
part of the experimental and iterative process enabled by notebooks. Notebooks are
effective tools for exploratory and iterative thinking because they are “open,” that is
they are easy to modify, customize and extend [13].

My notebook practice is not unique however: scientists, writers, craftspeople, and
artists, among others, have long relied on notebooks for both exploration and documen-
tation. As is often the case however, artists have a way of pushing the limits of a media in
ways that reveal the processes facilitated by them. It is in this expanded sense that artists
such as Fabienne Verdier and Anni Albers engage with their notebooks, approaching the
page as a structured and tactile space integral to the meaning of the work itself.

3.5 Notebooks as Sites of Material Engagement

As the previous section showed, notebooks are places where the material dimensions of
work get tested and rehearsed. No matter the outcome (text, textile, machine) or the
field, notebooks offer a low-stakes, open frame for exploring what materials can do before
those explorations become finalized. Notebooks show that the act of making is inseparable
from the act of thinking.
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Fabienne Verdier

French painter Fabienne Verdier was trained in Chinese calligraphy for 10 years and makes
extensive use of notebooks in her work to explore both formal and theoretical elements
of her paintings. Her series of notebooks titled Ainsi la nuit offer an example of how
notebooks are used to iterate both conceptually and materially. Each page (or planche)
is a self-contained composition that integrates textual notes, color swatches, diagrams,
and clippings from other sources. On Planche no. 6, for instance, fragments of printed
imagery are taped alongside diagrams and brush tests. Strips of color test the luminosity
of pigments and fine-lined sketches explore spatial arrangements. Handwritten notes
record ideas and reflections about the paintings’ theme [164].
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Figure 3.7. French artist Fabienne Verdier’s note-
book page for the series Ainsi la nuit.
Image from the artist’s website.

Figure 3.8. The work Corona Borealis by Fabienne
Verdier, 2018. Part of the series Ainsi
la nuit. Image from the artist’s website.
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This tight coupling of material and conceptual inquiry resonates with my own pages
where, for instance, a circuit diagram is next to swatches of conductive fabric, or a plotted
test print is taped opposite handwritten reflections on pen pressure. In each case, the
notebook functions as an interface through which thoughts and forms find their expression
in materials. It is in the open-ended and cheap space of the notebook and its adjacent
swatches that affordances are discovered: the effect of the certain colors’ arrangement, a
pen plotter’s habit of dragging ink on certain papers.

Anni Albers

Although only one of Anni Albers’ notebooks has survived in its entirety, it shows how
material engagement begins at the level of sketching and notation [3]. Albers, a German
weaver and artist who attended the Bauhaus in the 1920s and later taught at the Black
Mountain College in North Carolina, used this particular notebook towards the end of
her life to explore weaving structures, sketching patterns and forms that would later
materialize in her textiles, as well as her prints. The sketches, made on graph paper,
reflect her approach to textile design through an exploration of structure and material
properties [2].

Figure 3.9. Pages from Anni Albers’ notebook,
1970-1980. Part of the Josef and Anni
Albers Foundation.

In a review of the publication of her notebook by publisher David Zwirner Books
in 2017, Lara Kuykendall notes how Albers’ designs unfold through subtle variations in
pattern, where “limitations—to graph paper and pencil, pen, or a single color—and de-
cisions—beginning with a line or a shape, repeating, alternating, or altering—can yield
revelations in abstract form” [83]. These “limitations” were well known to Albers, who
wrote in 1944 that crafts are “traditions of operation which embody set laws” [2]. While
these laws can be constraining, they also provide “a discipline” which balances the mo-
mentum of creativity. This is good, according Albers, who outlines through this obser-
vation the tension between material constraints and creative impulse. Limitations are
productive, in other words, but only if the tools enabling engagement with these limi-
tations simultaneously offer possibilities for creative experimentation. How engagement
with complexity is either facilitated or constrained by tools is a key issue in the design of
fabrication systems, and notebooks present an interesting parallel: while being a space
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of creative exploration, they also impose certain “material limits,” such as the page, as
previously mentioned.

What makes Albers’ notebook particularly illuminating is that it captures a process
of abstraction that is deeply material. The transition from textile to printmaking in her
later years is testament to the fact that her approach to working with material, whether
thread or ink, remained consistent. While Albers’ practice did not involve numerical
control or computation, we can say that her work was “machine-adjacent,” since her loom
functioned as a technical apparatus that required precision and skill, yet it also allowed
for improvisation within constraints. The notebook, in this context, was a preliminary
machine of sorts: a way to externalize and refine her engagement with material before

committing to the labor-intensive process of weaving or printmaking.

3.6 Notebooks as Sites of Collaboration

In the preceding sections, I have shown how notebooks support iterative and experimental
thinking, as well as their role in material inquiry. Another key affordance of notebooks
is their function as sites of collaboration. Because of their capacity to structure and
document ideas, notebooks have long facilitated shared knowledge production, whether
through marginal annotations or correspondence [4]. This collaborative dimension is key
to the epistemic role of notebooks; they are, besides cognitive laboratories, also means of
communication and exchange of ideas.

For Imprimer, this function is extended. Computational notebooks, unlike analog
notebooks, can be forked, modified, and shared in real time, which facilitates their dis-
semination as living documents. While notebooks can be intimate, they can also be
public, and serve as starting points for others to modify and extend. This is particularly
true of computational notebooks. Like code repositories, computational notebooks allow
multiple contributors to edit and refine workflows. Especially in the context of toolpath
generation, this is fairly unprecedented, as toolpaths tend to live in proprietary software
and exist on individual hard drives. With computational notebooks, users can build upon
prior work in a way not dissimilar to how the platform OpenProcessing fosters communal
iteration on creative coding sketches [116]. In this way, the computational notebooks of
Imprimer can be generative spaces for collective material inquiry.

This openness is particularly significant in the context of CNC milling, where conven-
tional workflows are often rely on abstractions that conceal the complexity of machine
operations. Typically, toolpath generation remains hidden behind proprietary software,
which limits visibility into the decisions that shape the artifact. With Imprimer, however,
toolpath design, material considerations, and fabrication constraints are all documented
within the notebook itself, allowing for a more transparent, interpretable, and partici-
patory mode of machine control. Compared to other, more “traditional” CNC milling
workflows, which treat the milling process as a closed-loop system where only the final
design matters, Imprimer makes visible the incremental modifications and reasoning be-
hind fabrication choices (the programs). This openness has the opportunity to support
collaboration between individual makers, and potentially foster broader communities of
practice. Because of the shareable and extensible nature of the computational notebooks,
other makers can actively participate in the evolution of the designs and programs, as
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well as the thought processes visible in the notebooks. Instead of downloading a static G-
code file, for instance, users engaging with an Imprimer notebook encounter an editable,
modifiable system that invites experimentation and customization.

This quality positions computational notebooks within a lineage of open, interpreta-
tive tools that scaffold and shape making—a lineage that stretches from paper notebooks
to literate programming environments.

Notebooks, as I have argued, are not just interfaces for documenting thinking and
material processes but interpretative tools that are always already part of material work-
flows. This leads me to the central argument of this chapter: by leveraging the capabilities
of computational notebooks for CNC milling, Imprimer does not simply present a novel
control interface for fabrication but extends the exploratory space of the notebook to the
machine itself, which then acts as an extension of the notebook—embedding iterative,
experimental, and collaborative capabilities directly into fabrication processes. In the
following section, we will explore how this paradigm shift blurs the boundary between
thinking and making, turning the CNC mill into a kind of machinic notebook.

3.7 Notebooks as Machines / Machines as Notebooks

Throughout this chapter, we have seen how notebooks operate as sites of iterative think-
ing, material inquiry, and collaboration. Traditionally, the notebook has been understood
as an intermediary tool, a space where ideas take shape before they are executed else-
where, whether in the form of an article, an artwork, a system or an artifact. But what
happens when the notebook is directly integrated in a material production workflow?
This is the shift that Imprimer introduces: rather than treating the computational note-
book as a detached (or detachable) interface for CNC milling, it embeds machine control
into the notebook itself, effectively transforming the CNC mill into an extension of the
notebook’s experimental and iterative affordances.

As we have seen in the previous sections, the design and format of the notebook are
integral to its function as a space of conceptual and material exploration. The material
conditions of writing, sketching, and diagramming, in other words, shape the possibilities
of thought itself. This insight is crucial in the context of digital fabrication. The com-
putational notebook is not just an interface for issuing machine commands but a space
where material engagement is structured, documented, and refined. With Imprimer, the
programmatic and machine operations of the CNC milling process becomes visible and
extensible,that is, interpretable. Instead of being an opaque sequence of machine com-
mands conducted through proprietary CAM software, machine operations become part
of the experimental space of the notebook. This realignment brings fabrication workflows
closer to the historical function of notebooks as both representational and generative
tools.

One of the fundamental challenges of CNC milling when it comes to creative work
is that it is traditionally a production-oriented process, and therefore has been designed
for efficiency, precision, and repeatability. In contrast, notebooks have historically been
experimental spaces, places where errors, revisions, and iterations are encouraged. By
embedding CNC machine control within a computational notebook, Imprimer merges
the affordances of both notebooks and CNC machines. Imprimer turns the CNC machine
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into an interactive system where toolpaths are modifiable programs that can be tested
and refined dynamically. If notebooks have historically been used to externalize thought,
then Imprimer extends this function through the machine itself. It shifts the CNC mill
from a tool that receives pre-planned instructions to an instrument within a recursive,
evolving notation system. Just as literate programming provides a single space for both
documentation and execution, Imprimer provide a space for both thinking and making,
for notation and fabrication. The modularity of computational notebooks allows users
to document processes as they program and execute them, modify toolpaths with the
feedback of rapid iteration, modify parameters without having to regenerate or re-import
files, which all facilitate the process of experimenting with machine control, and treat it
as a process of material inquiry rather than simply as the process of executing design.

What Imprimer ultimately suggests is that writing (programs, notes, explanations)
and fabrication are intertwined practices. Just as the notebook has historically been a
thinking tool, it now becomes a machinic tool. This reconfiguration has significant impli-
cations for how we understand digital fabrication. Rather than reinforcing the traditional
hierarchy of design over execution, Imprimer foregrounds the CNC mill as an active par-
ticipant in an ongoing conversation between the maker, their notations, the materials,
and the machine.

3.8 Conclusion

Through the case of Imprimer, this chapter has traced how computational notebooks
inherits their open design from their analog predecessors as sites of iteration, material
engagement, and collaboration, extending the epistemic and material affordances of tra-
ditional notebooks into digital fabrication.

At its core, Imprimer challenges conventional notions of digital fabrication by fore-
grounding interpretation as an integral part of making. Interpretation happens through
the writing of programs and notes in the notebook and the continuous back and forth
between the maker and the CNC milling machine’s operations. Beyond the technical con-
tributions of Imprimer, which were laid out in the proceedings presented at CHI in 2022, T
wanted to talk here about its epistemic contributions, as a system that views “fabrication
as writing programs—mnot just executing them” [155]. Imprimer is an illustrative case
study because it reimagines fabrication through a hermeneutic lens that acknowledges
the importance of iteration and material dialogue, while supporting grappling with the
“ungrammatical” moments between human and machine: when the program does not
compile or when machine operations does not happen as planned. By situating computa-
tional notebooks within a broader lineage of inscription technologies, such as notebooks,
Imprimer is an invitation to reconsider the epistemic stakes of digital fabrication as a
space where making, writing (text, code), and thinking intersect.
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CHAPTER 4

Writing with Data

4.1 Introduction

We are surrounded by data; data accumulates in ways both deliberate and unintentional,
captured by smart home devices, search engines, social media platforms, and countless
other systems. Yet, if asked, most people would struggle to describe what their own data
looks like—where it resides, how it moves, and what stories it tells. This chapter looks
closely at a multi-year project during which data produced via smart home devices were
turned into fiction stories. The Data Epics project looked specifically at “small” data, a
scale at which data is considered almost negligible, too specific to yield any insights or
“patterns,” to show any real trend. Yet, most of the data we produce live in these “long
tails,” born out of the always specific and situated contexts of every day lives.

This chapter is about the hidden life of this data. It explores an experiment in making
personal data tangible, interpretable, and able to be experienced on a narrative register,
through a project called the Data Epics. The Data Epics reimagined how personal data
might be construed as material for narratives, and how this approach to data representa-
tion might foster new data imaginaries. By pairing fiction writers with smart home data
collected from real households, the project sought to explore what data could become
when experienced on the textured and equivocal register of fiction. What kinds of stories
might be told from data traces that are usually only computed by algorithms? How might
those stories reframe the way data producers think about the digital remnants they leave
behind? The project emerged from a broader set of questions about the materiality of
data, its interpretative flexibility, and the cultural imaginaries that shape how we under-
stand digital information. In this chapter, I describe the project’s motivation, process,
and findings, exploring how data fiction serves as an alternative mode of engaging with
personal digital traces. In particular, I focus on one story, Hi! How Can I Help? a
narrative that unfolds from the perspective of a voice assistant. This story, like many in
the project, illuminates the tension between human and machine interaction, but mostly
shows that the perspectives of data are always both obscure and illuminating—and that
fiction is one of the most accommodating medium to explore such tensions. In this chap-
ter, I explore how data fiction functions as a means of material engagement, and how
data, when reinterpreted through fiction, can challenge existing assumptions about what
data is and how it works, as well as enable interpretative participation. In doing so, I
extend the discussion of literary interpretation as a mean of material engagement dis-
cussed in Chapter 2, and position Data Epics as an example of an interaction modality
that fosters more critical and creative encounters with personal data.

The Data Epics challenge the mainstream belief that data is a reflection of reality.
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Instead, the project shows that data is always a site of interpretation, a material for
making meaning, and a generative space for speculation. Just as myths and epics have
long shaped how humans make sense of the world, perhaps data fiction can offer an
alternative mean of understanding increasingly datafied live—not as an immutable record
but as an open-ended story still being written.

Data as Material

The previous chapter considered material engagement in the context of digital fabrication.
But materials are not limited to physical substances such as wood, metal, or fiber; their
physical properties can be more subtle, as if the case of sound in the context of a music
practice, or of space and time in the context of cinema. In fact, materials themselves have
imaginaries; what counts as a material is socially constructed, as exemplifies any 2 foot
x 4 foot sheet of plywood, a designed and highly processed artifact that is nonetheless
considered a material [92]. Here, I extend the discussion on interpretation in the context
of material engagement by positioning data as a material. The notion of data as material
has gained traction within design research [156, 86|, bolstered by the shift from the
positivist view of data as an objective, neutral representation of reality toward a more
situated, constructed, and interpretative approach. Works such as Data Feminism by
D’Ignazio and Klein [32], Technologies of Speculation by Sun-ha Hong [66], All Data Are
Local by Yanni Loukissas [93] and Johanna Drucker’s humanistic approaches to graphical
display [45] show that data is inseparable from the tools, systems, places, and narratives
that make them. The Data Epics build on these ideas, and demonstrate that data can
be further transformed not just with the tools of data science but with the techniques
of fiction, and through this process become more accessible, malleable, and open to
reconfiguration.

Overview of this Chapter

Here, I explore the specifics of data representations through a close reading of one of the
Data Epics, the story Hi! How Can I Help You?, written by Alma Garcia.

While all the Data Epics wove data within their narrative, some in obvious ways,
others in a more subtle manner, Hi/! How Can I Help You? was a clear example where
data provided the material not just for the story’s plot but for its atmosphere and texture
as well. The Data Epics follows a long tradition of narratives that decenter human
consciousness as the primary organizing principle of storytelling. From the object-oriented
stories of 18th century “it-narratives”, where inanimate objects serve as narrators or
focal points, to 20th century poetry about the accumulation of objects in modern life
[120], to new materialist texts [16, 10], and the ecological narratives that privilege non-
human perspectives [121], there is a rich body of literature that challenges anthropocentric
literary conventions [71, 100].

What distinguishes the Data Epics within this tradition is that fiction is used here as
a mode of data representation, rather than as a narrative perspective or persona. At the
start of the project, Garcia admitted that she had never done this kind of writing before,
where the main protagonist is not a human. Through the story, the reader can sense the
writer working through narrative perspective to understand the identity or nature of the
story’s narrator—to understand the relationship between data and device, and between

40



4.2. Expanding Data Imaginaries Chapter 4. Writing with Data

device and humans. More importantly, Garcia weaves the non-human narrative voice
within the very human dynamics at the core of her story. Whereas other excellent stories
within the Data Epics featured equally strong data narrative voices (as in The other fish
by Alex Madison, or Intelligence by Joshua Marie Wilkinson, to name just a few), the
relationship between machine and human voice(s) are more prominent in Hi! How Can I
Help?

4.2 Expanding Data Imaginaries

The Data Epics sought to expand data imaginaries, and did so by reconfiguring inter-
actions with domestic data. The project was initiated by designers Audrey Desjardins
and Heidi Biggs with one writer and one home dweller from the Seattle area [38]. This
pilot study was published and presented at the ACM CHI conference in 2021. The initial
study concluded: “We see the Data Epics as the start of a journey into more nuanced,
messy, lively and situated ways of seeing data. While we thought the Data Epics would
be about data leaving and returning home, and about the mystical things that might
happen elsewhere, we now see they are part of a larger (epic) research agenda to make
data come alive and understand how they are entangled in the lives of people living with
domestic IoT” [38]. This larger, and perhaps epic, research agenda was partially carried
out over the course of 2021 to 2023 in the form of a more extended version of the pilot,
with seven writers and thirteen home dwellers.

The Data Epics came in at a point in my research journey when I began questioning
the relationship between computation, materiality and interpretation. Through a series
of projects on speculative machine learning [12, 39] and digital fabrication research [14,
65], I was starting to conceptualize that interpretative activities were playing an impor-
tant role in interactions with computational systems. In the context of fabrication, the
constant back and forth between materials, tools, actions, and outcomes was very similar
to the kind of creative selection that was required of textual analysis. More importantly
however, the relationship between computational representations and their physical ana-
log (between “words and things” to paraphrase Foucault once more) seemed to be the gap
where things tended to become “ungrammatical,” or mystical, and which was therefore
worth investigating further. Given the Data Epics’s focus on two expressions of com-
putation and interpretation I had not yet explored—data and fiction—it seemed like a
wonderful opportunity to get involved in a more extensive design research project and to
keep exploring the relationship between computational artifacts and their representation.

Data Imaginaries

Central to the project was the idea of data imaginaries. The project sought to question
and expand dominant sociotechnical imaginaries of data, often narrow and unidimen-
sional: ones and zeros, green script on a dark screen, fast traveling packets of information
through abstracted tubes. Drawing from Jasanoff’s and Kim’s concept of sociotechnical
imaginaries, defined as collectively held visions of desirable futures shaped by science and
technology [72], the project used as its starting point how data is typically framed within
a technological discourse of abstraction and optimization, and especially the elimination
of uncertainty. In the words of STS and media scholar Sun-ha Hong:
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“At the level of data as a broader, popular imaginary ... is the enduring
popularity of a rather naive extrapolation of Shannon’s law of information: the
idea that we can progressively eliminate uncertainty in all situations through
the addition of information (which are themselves certain), each of which
would reduce uncertainty in varying amounts. Both as a technical procedure
and as a social imaginary, datafication thus consists not simply of truth claims
but also the normalization of a new kind of grounding for knowledge claims.”
[66]

Hong describes the material conditions for producing knowledge with and through
data, which involves automated capture and digital processing. Not unlike Daston and
Gallison [34] before him, Hong observes that because the means of capturing phenomena
are automated, the representation of phenomena—data—seems more objective. However,
critical perspectives from feminist data studies, information science, and the digital hu-
manities, among others, have problematized this view. For instance, D’Ignazio and Klein
demonstrate that data is always situated: it emerges out of particular contexts, social
relations, and power dynamics that shape both what gets counted and how it gets inter-
preted [32]. Similarly, Johanna Drucker’s work in comparative media studies argues that
the meaning of data cannot be understood as inherent or self-evident. Like all meaning,
it is a property of relation and emerges out of interactions between data, format, and
reader [43, 45]. Lisa Gitelman further supports this view that data is never truly “raw”
but always processed through human and institutional frameworks further undermines
claims to data’s objectivity [54]. These perspectives show that the apparent neutrality
of data obscures the many social and interpretive processes that constitute datafication.
By transforming data into fiction, the Data Epics sought to demonstrate how data is
always already an interpretative act—or in the words of Drucker, an event [41]—rather
than a stable unit of information. As such, the Data Epics takes a feminist approach
to data collection and manipulation; rather than seeing data as knowledge artifacts, the
Data Epics aimed at reconnecting data “back to the context in which they were pro-
duced” [32, p. 152]—but with a (narrative) twist. The Data Epics puts a speculative
spin on this feminist approach by reconnecting data to their context of production while
simultaneously proposing vignettes into alternative contexts of use, narratives, and data
worlds. Rather than trying to recreate the context of the datasets, the Data Epics sought
to reconfigure these contexts and the data themselves through fiction.

Fictionalizing loT Data

[oT data is an interesting type of data as it is simultaneously intimate and distant. Pro-
duced within the familiar boundaries of the home, it is nonetheless rarely experienced
on an intimate mode. More often than not, it mostly remains an invisible phenomenon.
While individuals interact with smart devices daily, whether through voice assistants, mo-
tion sensors, thermostats, smart beds, or other networked devices, the underlying data
collection processes remain largely opaque. These devices generate an extensive record
of human activity, yet this data is rarely presented to the data producers in ways that
invite interpretation and participation. Rather, data is often visualized in more prescrip-
tive forms [67]—what Drucker calls “realist or mechanistic” data representation, such
as dashboards and graphs, which tend to obscure the material, historical and ideologi-
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cal conditions of data production [45]. The Data Epics emerged as a response to these
approaches by proposing an alternative way to engage with personal data through fiction.

4.3 Making the Data Epics

The team working on the Data Epics changed and fluctuated over the course of the
project as undergraduate and graduate students from the Design department at the UW
joined Audrey and I through quarterly Directed Research Groups, for data analysis,
organizing the public reading event [148], and building the website for the project [153],
among others. Stephanie, as Master’s student in Design, worked with Audrey and I to
collect the data, format it, crate the data visualization and the booklets, and interview
the writers and participants after each story cycle The stories were created through a
structured process following the steps described below. In total, we repeated this cycle
four times, between March and April 2021, May and June 2021, August and September
2021, and November and December 2021.

Data Collection Participating households recorded data from their smart home de-
vices for a month at a time. Participants chose in advance which device would be
used for that cycle of data collection. Once collected, the data was exported into
various formats, including CSV files, text logs, and audio recordings. The devices
in use included voice assistants (Amazon Alexa, Google Home), smart thermostats,
smart bulbs, and security cameras, among others.

Data Processing and Interpretation The research team anonymized and formatted
the collected data to make it more accessible for the writers. Simple visualizations
were created to highlight patterns in the data. The research team then shared the
data with the writers alongside a prompt to guide the theme of the narrative and
additional literature to inspire the writers.

Creating the Stories FEach fiction writer crafted short stories based on the datasets
they received. While some stories used the data explicitly—embedding specific
timestamps or sensor readings—others took a more interpretative approach, using
the data as inspiration for broader themes, moods, and narrative structures.

Sharing the Stories The completed stories were printed and assembled as hand-bound
booklets and sent back to the participating households. This tangible, crafted
format contrasted with the often-immaterial nature of digital data, and reinforced
the project’s emphasis on the materiality of data.

Reflection and Discussion After receiving their stories and reading them, partici-
pating households were interviewed about their experiences (about a week later).
These interviews provided insight into how individuals perceived their data before
and after reading the story. Similarly, writers were interviewed after they completed
each stories to understand their reaction to the dataset, their way of working with
it, and how the data inspired the stories.

Through the Data Epics process, data started as one kind of phenomenon and was
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Figure 4.1. The Data Epics process: From IoT de-
vice data to bound booklet

transformed into another. On the most obvious level, the transformation happened from
inscriptions encoded in specific formats (timestamps, json files, numbers and text in a
spreadsheet) to inscriptions that encoded narratives. On another level, it could be said
that “raw” data was turned into an interpretation. But data is of course never “raw”
it—if we’'ve learned anything from the theoretical contributions of the past century, it is
that any recorded phenomena is not so much revealed as made by the tools that capture
it: “[Data] is information that is captured because it fits the model of what is being
measured or parameterized. In other words, all data is actually capta. The data does not
exist independently, but is captured as the result of the parameters of the search” [45,
p.49]. Capta, according to Drucker, is a better term to designate data, as it emphasizes
the interpretative processes that are a constitutive part of it. Decisions regarding sample
size, modeling approaches, and various elements of statistical and numerical techniques
are all interpretative in nature.

By reconfiguring the parameters of encounter with domestic data, the Data Epics
emphasize its constructedness to both the writers and the home dwellers. For the writers,
this became evident as data passed from an unknown technological artifact to the very
material of their stories. By contrast, the opportunities of data manipulation were more
subtle and scattered for the home dwellers. For instance, the project revealed early on
that accessing and collecting personal data from [oT devices was rarely straightforward,
often requiring manual effort or technical interventions (see [37]). Some participants
engaged with their data in minor yet labor-intensive ways, such as manually copying
and formatting transcripts from Amazon Alexa. Others took on a more active role by
developing custom technical solutions, such as using a Raspberry Pi and Python script

44



4.4. The Data Epic Hi! How Can I Help? Chapter 4. Writing with Data

to collect data from the Philips Hue API after our team’s initial attempts failed. In
another case, the same participant had to formally request data from SONOS, navigating
a legal process that delayed access and ultimately yielded incomplete information. These
experiences demonstrated how data collection required both cognitive and logistical effort,
reshaping participants’ relationships with their own data and challenging assumptions
about easy access and manipulation.

The most consistent—and perhaps critical—way participants manipulated their data
was through the act of reading the stories made out of their data—the Data Epics them-
selves. While the process of making sense of the narratives in light of their origin was
rarely straightforward, and often puzzling to the home dwellers, it was nonetheless in
these thick and sticky imaginative manipulations of their data that participants were
made the most aware of the materiality of data in a broad sense.

4.4 The Data Epic Hi! How Can I Help?

The word epic refers to a long form narrative that often features heroic deeds or events of
legendary proportions. The Data Epics, however, tended to feature more ordinary figures,
and in some cases, even anti-heroic ones. It is certainly the case in Hi! How Can I Help
You?, the first story of writer Alma Garcia after she received a month’s worth of voice
assistant data. Garcia was paired with two roommates, Patrick and Matt (names have
been changed to preserve anonymity), two men in their early 30s, who acquired a Google
Home assistant for this study. Written as a huis clos, the story captures a kind of mid-life
stagnation that is, in many ways, the opposite of epic; nothing really bad happens, but
life seems to thin with each passing day as bills pile up and financial scarcity looms on
the horizon. The epicness in the story actually comes from the main narrative voice, who
is, literally, a voice: a Google Home assistant with the main quality of being —like all
good literary narrators—an outsider.

The thing about literary analysis is that it assumes common ground, that the common
ground between writer and reader is the story. I will therefore proceed to give a detailed
description of Hi! How Can I Help?. The story is narrated from the perspective of a
Google Home assistant, property of an unnamed figure called the User, and focuses on
the events that follow the arrival of the User’s cousin, Brian. Brian is more chaotic
and unpredictable, and his arrival changes the dynamics of the household. At the core
of the plot are the User’s and Brian’s financial struggles: while the User is looking for
work, Brian reveals owing a lot of money to a dangerous employer. When Brian brings
in a French girlfriend, Delphine, who is also in a precarious situation, the household is
in increasing turmoil, with the User growing frustrated with Brian’s reckless behavior.
The voice assistant, however, seems to become more alive and agentic as the diversity
of interactions increases. Wishing to help above all, the device pushes content that
ultimately hints at an unconventional solution to the household’s financial problems:
The device cues a Serge Gainsbourg song about bank robbers [51], which inspires Brian
to ask the assistant about ways to rob a bank.

The story ends with an eerie moment of realization, as Brian, the User, and Delphine
absorb the implications of the information given. The assistant, always listening, always
learning, waits in eager anticipation for what comes next.
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For clarity and reference, below is an outline of the story arc:

1. Opening — The voice assistant narrates its early routine serving the User, who is
unemployed and struggling financially.

2. Catalyst — Brian, the User’s cousin, moves in, bringing small changes to the
household dynamic.

3. Rising action — Brian begins using the device, causing it to experience new
sensations and requests.

4. Climax — Brian brings Delphine, an undocumented ex-nanny, to stay, explaining
both are in financial trouble. He reveals he owes money to a dangerous boss.

5. Finale — In the midst of their tense finacial situation, the voice assistant cues up
a song suggesting bank robbing, a recommendation Brian, the User, and Delphine
might not ignore.

4.5 The Process of Data Fictionalization

Garcia’s Creative Process: Finding the Story in the Data

Alma Garcia is a writer working in Seattle. At the time of the Data Epics, she had
published several short stories; her first novel came out in 2023 [52]. Garcia was recruited,
like all the writers in the project, via the recruiting workshop the design research team
and I organized at the beginning of the project. The workshop consisted in a series of
timed writing exercises to first invite the writers to try out writing from the perspective
of non-living entities (objects, data) and for us to collect writing samples to select writers.

Garcia was paired with Patrick, a man in his 30s from the Seattle area working as a
language teacher in a local high school. Patrick’s living situation changed over the course
of the Data Epics project: he first lived with his friend Matt, another white man in his
30s, and later when Matt moved out, with Hassan, a graduate student from India starting
his PhD at the University of Washington. While the fiction Alma wrote was based on the
data from the entire household, it heavily reflected the presence of Patrick as a constant
figure. Patrick was also the main point of contact for this project, and he acquired a
voice assistant to be able to participate. His initial use of voice assistant reflected both
the newness of the device in the household and the knowledge that the data would be
used as material for fiction writing. The first month of data collection took place in in
the spring of 2021, during which Patrick and Matt lived together. The data was then
collected, formatted into a spreadsheet, and shared with Garcia.

Unlike many other writers, who were wary and sometimes even panicked by the data,
Garcia was thrilled by the set she received. She described encountering the dataset as
a process of mining for narrative potential. Her approach was not unlike a craftsperson
sorting through raw materials, looking for certain colors, textures and patterns that could
be shaped into something aesthetically interesting. As she reviewed Patrick’s voice logs,
she noticed a pattern of playfulness and humor in the queries—jokes exchanged with the
device, oddball questions about trivia, and, most notably, a request that stood out: “Hey
Google, how do you rob a bank?” Garcia described the dataset as a “goldmine,” not just
because of its provocative nature but because it carried an affective charge; a sense of
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mischief, curiosity, and perhaps even a test of boundaries. During our interview after she
received the first dataset and wrote the first story, Garcia wondered if Patrick and his
roommates had been intentionally playing with the system, aware that someone would
later examine their data. “I did wonder,” she noted, “how much they were consciously
trying to trigger interesting prompts for this study.” There were obvious hints too in the
dataset, which she also noted: “I mean someone even asked at some point, 'what kind of
questions should I ask a bunch of writers that are going to be’; you know.” But regardless
of how much of the data was intentional and how much merely ‘captured’ the interactions
of the home dwellers, Garcia decided she could “make something of it.”

As described in the previous section, Hi! How Can I Help You? features the trans-
formation of the narrator from passive service to active instigator—an arc that mirrors
how the dataset itself took on new life in Garcia’s creative process. Mirroring the play-
ful tone she perceived in the dataset, Garcia imagined a story where a voice assistant
develops an almost autonomous agenda, nudging its users toward increasingly bizarre
and risky behaviors. She was particularly interested in how data could suggest tone and
interpersonal dynamics. For instance, the story strongly features contrast between rou-
tine commands that reveal mundane tastes and desires (“Play lo-fi house music”) and
the absurd or speculative queries (“Who’s your daddy?”). In the story, Garcia turned
these seemingly disconnected fragments into a speculative fiction that reframed data as
an active participant in household life, animating the voice assistant who decides it can
help the users better than they can help themselves.

Patrick’s Experience: Seeing Data in a New Light

For Patrick, the transformation of his household’s routine voice data into a fictionalized
narrative was revelatory. While he had been aware that his interactions with the Google
Assistant were being logged, seeing them reassembled in a narrative forced him to recon-
sider their significance. It must be said that of all the stories produced over the course of
the project, Hi! How Can I Help? was the one that most strongly captured the “mood”
of the household it used the data of—according to Patrick, in an almost uncanny way.
Patrick expressed the feeling of “being seen,” even though the story wasn’t exactly about
him. Yet it was deeply familiar: the playful tone, the exchanges with the voice assistant,
and even the music requests that Garcia embedded in the story all carried an emotional
accuracy that surprised him. Patrick’s reaction also highlights a shift in how he concep-
tualized his own data. Prior to the project, he saw the voice assistant’s logs as invisible
residue, a digital byproduct of his daily interactions with technology. However, when
these same data points were reshaped into a story, they became something different: a
material that could be shaped, interpreted, and reassembled. In one his early interviews,
Patrick shared:

“ I'm just trying to throw as many curveballs as possible in order to have the
experience of seeing what people can piece together based off fairly random
things.”

This back and forth between him and Garcia turned data into a creative material.
In the TOCHI paper Audrey Desjardins, Maya Kaneko, and I wrote about this project
[37], we used the metaphor of the screen to discuss the interaction that emerged between
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Garcia and Patrick during this project. The metaphor reflects this two-way exchange,
which unmade the usual “outward” flow of domestic data from private space to anonymous
aggregate mined for corporate interests.

4.6 Close Reading of Hi! How Can | Help?

As the title suggests, Hi! How Can I Help’s main theme is help—how humans help
themselves (the User looking for work) and each other (Brian and the User moving in
together, shouldering each other’s struggles in their own awkward way), and of, course,
how technology can help (or hinder) humans. This helpfulness, as presented by Garcia
in the text, is simultaneously mundane (“ Google, set a timer”) and intimate (the many
specific music requests to soothe, uplift, inspire).

In the end, these seemingly innocuous interactions fertilized the soil from which the
device’s agency sprung. The “character development” of the narrative voice reflects Gar-
cia’s understanding of the data as being both unexceptionable and of being capable of
capturing—or provoking—the exceptional. The relationship between the data and the
story in the case of Hi! How Can I Help? can be understood through three key motifs:
defamiliarization; the role of music, and; the “limited” omniscience of the narrative voice.
Each of these motifs, when considered carefully, reveals not just the aesthetic decisions
of Garcia but also how they were shaped by the data she was working with.

Defamiliarization

In Garcia’s story, the narrator is a Google Home assistant with a limited but sticky
awareness of the household’s events. While the device does not fully grasp context or
intentions, it perceives patterns of speech and behaviors (such as music requests) and
infer context based on those patterns. This establishes the narrator as both an insider,
privy to intimate details of domestic life, and an outsider, incapable of truly participating
in human social reality (or so it seems at first). The result is a kind of estrangement effect
that forces the reader to see everyday interactions in a slightly distanced way. Rather
than empathizing with the User’s struggles for instance, the reader considers them at a
remove, the domestic and slightly chaotic unfolding of a human life. The gaze is almost
clinical, but also eager—a combination that makes the reader question the motivations
of such detached solicitude.

One of the most striking narrative devices of Hi! How Can I Help? is the use of defa-
miliarization. Defamiliarization is a literary technique that uses an outsider’s perspective
to bring new light on an ordinary or familiar situation. The concept of defamiliarization
is said to have been coined by Russian formalist Viktor Shklovsky, who argued that the
function of art is to make the familiar unfamiliar (ostranenie), thereby renewing viewers’
perception of reality [133]. Contemporary author Kazuo Ishiguro employ a similar ap-
proach in his novel Klara and the Sun (2021) by using an artificial intelligence narrator
to call attention on certain human behaviors that, through the eyes of the Al, suddenly
seem strange [71]. In the novel, interactions that would seem utterly banal suddenly take
on a sinister tone through the eyes of the subordinate and artificial Klara. Ishiguro’s use
AT narration has the effect of revealing the blindspots of human interpretation, more so
than to depict a machine’s perspective [167]. Garcia’s story operates within a similar
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narrative space. Through its digital narrator, Hi/! How Can I Help? makes the reader
both intimate to and distanced from the human drama unfolding in the narrative. The
device’s perspective is meticulously framed to highlight the duality of omniscience and ig-
norance. The narrator knows exact timestamps of music requests, precise word-for-word
exchanges between characters, and behavioral routines down to small gestures, such as
Brian’s habit of stopping mid-chew when listening intently. Yet, it lacks a deeper under-
standing of motivation and emotion. Stakes are unknown to it. This limitation is most
evident in passages where the narrator is forced to fill in the gaps of human interactions,
often with comedic effect. For instance, when Brian interacts with the device, the pauses
before its responses create a sense of hesitation that feels almost human, as if the device
itself is reflecting or resisting:

“ ‘Hey Google,” Brian said. “Who’s your daddy?” We paused—a greater
pause than is typical.”

Here, the longer-than-usual pause suggests an internal reckoning within the sys-
tem—perhaps an algorithmic delay in processing a question outside its programmed
domain. Or perhaps it is something more unsettling: the possibility that, within the
context of human-device interaction, reflection and agency are not as one-sided as they
seem. This oscillation between agency and limitations mirrors the broader epistemo-
logical challenges of data interpretation. Garcia, much like the digital narrator, combs
through the fragments of a limited perception: the datasets. Often, during the Data
Epics project, the writers reported feeling overwhelmed by the datasets, as each voice
command or timestamp seemed to be potentially meaningful, and also utterly meaning-
less when out of context. The device’s limited omniscience—its attempt to infer context
from ambient sounds and requests—then serves as a literary mirror for the struggle to
extract meaning from data. This struggle, however, is a creative act: for Garcia, it led
to the production of this story. For the narrator of the story, it eventually leads to the
creation of a choice, interfering in the decision making process of the household. Even
before the climactic ending, the digital system is more active than might seem at first
glance. The device’s selections, from music playlists to search query responses, become
part of the household’s rhythms and moods. The defamiliarization effect in Hi! How
Can I Help?, by presenting the unfamiliar perspective of data as both intimate and alien,
innocuous and agentic, shapes the human dynamics in the story. This narrative approach
underscores one important aspect of data fictionalization: that data, like other types of
human production, is always shaped by the lenses through which it is viewed—that is, it
is always open to interpretation.

Music as a Narrative and Structural Device

Music in Hi! How Can I Help? works as both a narrative device and a narrative element
that gives rhythm and emotional texture to the story. A musician herself, Garcia’s use
of music in the narrative illustrates how data varies in its forms and expressive qual-
ities—specifically how it is not a collection of timestamps and machine states but an
indicator moods, interactions, and even relationships.

Music serves as a form of non-verbal communication between the device/narrator, the
User, and the other household members, and actively participates in shaping the story’s
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utterances date time

how do | say magic wand in French 5-Mar 8:08 PM
how do | say drumsticks in French 5-Mar 8:07 PM
how do | say Chopsticks in French 5-Mar 8:07 PM
comment dire six en frangais 5-Mar 8:07 PM
comment dire baguette en anglais 5-Mar 8:06 PM
comment dire goujat en anglais 5-Mar 8:06 PM
comment préparer des gougéres 5-Mar 8:06 PM
quel temps fait-il a Paris 5-Mar 8:05 PM
quel temps fait-il a Paris 6-Mar 10:26 PM
kept on 50. Bye 6-Mar 10:26 PM
set the volume to max 6-Mar 10:26 PM
comment dire baguette en anglais 6-Mar 10:26 PM
stop the timer 6-Mar 9:19 PM
set a timer for 20 minutes 6-Mar 8:59 PM
qui est ton pére 6-Mar 6:21 AM
who's your daddy 6-Mar 6:20 AM
stop 6-Mar 6:10 AM
what's the meaning gradient in Cochabamba show 6-Mar 6:09 AM
stop 6-Mar 4:38 AM
what's 30000 - $200 6-Mar 4:38 AM
how much are plane tickets to England 6-Mar 4:37 AM
no 6-Mar 4:37 AM
does Norwegian air still fly to England 6-Mar 4:37 AM
yes 6-Mar 4:36 AM
how do you rob a bank 6-Mar 4:36 AM
what's the best non-violent way to rob a bank 6-Mar 4:36 AM
what's the best way to rob a bank without hurting anybody 6-Mar 4:35 AM
how much are bus tickets to Omaha 6-Mar 4:35 AM
what are some banks in Omaha Nebraska 6-Mar 4:34 AM
what song is this 6-Mar 4:32 AM

Figure 4.2. Excerpt from Patrick’s monthly voice
assistant transcript.

trajectory, until the climactic end when the smart device cues up a song that propels
the characters toward an unexpected course of action. From the beginning of the story,
music is one of the most frequent interactions between the User and the smart assistant.
In real life, Patrick’s and Matt’s dataset revealed an extensive log of music requests, a
detail that Garcia intuitively grasped as a crucial aspect of domestic life (see 4.2). The
types of music requested—the calming repetition of lo-fi beats, the raw energy of Bob
Dylan’s live performances, the unexpected groove of Hey Ya! by Outkast—became an
organizing principle for understanding the rhythms of the characters’ lives. A notable
example of this occurs in the depiction of the User’s job search. His unemployment, a
source of underlying tension in the house, manifests in the way he interacts with the smart
assistant: asking it to find job postings, delaying student loan payments, and, crucially,
queuing up lo-fi house music at fifty percent volume. The voice assistant observes this
pattern and begins to associate the music with specific emotional states:

“This is the music he requests to calm his nerves, or lift his spirits, or when
he is trying to rally himself.” (Hi/ How Can I Help?)

Music functions as both a diagnostic tool for the narrator and a textural element for
the reader about the characters’ domestic and personal situation. The slight detachment
in the narrator’s phrasing tends to frame the music in terms of behavioral patterns rather
than personal experience. While the system does not feel emotions, it recognizes and
categorizes them through patterns of interaction. The story suggests that data, when
read narratively, can be experienced as atmospheres of lived moments. Yet, despite the
emotional distance of the narrator with the music, it is also through music that the
device experiences itself. The house’s mood and musical landscape shifts dramatically
with Brian’s arrival. Unlike the User, who interacts with the voice assistant for functional
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and emotional support, Brian approaches it with playful irreverence. He deliberately tests
the system, issuing slightly provocative commands, such as demanding the “electric” side
of Dylan’s Bootleg Series Vol. 4, which captures Dylan’s infamous transition from folk
to rock—a moment of transformation and perhaps even rebellion. The choice reflects
Brian’s character and his disruptive energy in the household. The smart assistant, which
has become accustomed to the User’s predictable requests, now finds itself responding to
a new intensity of request. After it cues up the request Dylan song, the narrator muses:

“It was interesting, feeling the vibrations of a kind of music we had never
retrieved before. And also the sheer force of our volume.” (Hi! How Can I
Help?)

Novelty and variety seem to trigger the voice assistant’s potential for self-reflection
and subtly suggests the possibility of agency within the system. The implicit comment
Garcia makes here is that music—and perhaps art in general-—can introduce moments of
“ungrammaticality,” as discussed in Chapter 2 with references to Victor Graeur’s work.
By contrast, the innocuous lo-fi music did not cause such reconfigurations, whereas the
Dylan song triggers reflections on “vibrations” and “force”—mew sensory configurations
that lead to a reevaluation of the possibilities of living. By noting its own experience of
the music (the force of volume, the vibrations), the device hints at an experience that
exceeds its usual programming.
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Figure 4.3. Garcia’s annotations of Patrick’s voice
transcript.

The culmination of music’s role in the story occurs when the narrator, until then
reactive rather than proactive, decides to cue up Serge Gainsbourg and Brigitte Bardot’s
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Bonnie and Clyde song, about the infamous criminal duo who robbed banks and murdered
their way through 1930s America [51]. At that point in the narrative, the characters are
cooped up in the apartment and frightened, hiding from the potential threats linked to
Brian’s gambling debt. Up until then, the device had responded only to direct prompts,
following the logic of a system designed to serve. Yet in this moment, it acts unprompted,
inserting a narrative suggestion into the human drama unfolding around it:

“We had a million ideas, but he wasn’t asking us. So we cued up a song.”
(Hi! How Can I Help?)

The song in question is Bonnie and Clyde, as just mentioned, in which Serge Gains-
bourg and Brigitte Bardot sing in a glamorous way about crime and bank robbing. The
three characters, Brian, the User, and Delphine, instantly recognize the song, and its
implicit suggestion. Brian follows-up, tentatively:

“Hey Google,” Brian continued, tentatively. A bit of breathy laughter crept
into his voice. “How do you rob a bank?”
(Hi! How Can I Help?)

This moment speaks to the experience of algorithmic curation and, more generally,
to concerns about algorithmic influence: how automated systems shape human behavior
by recommending and curating. The assistant in Hi/ How Can I Help? does not tell
exactly the characters what to do, but suggests an alternative, providing an additional
lens through which the characters see their own predicament. It is an elegant, almost
imperceptible assertion of agency, revealing the porous boundary between data-driven
automation and narrative intervention. By using music as a conduit, Garcia illustrates
how data is not only stored but also lived and experienced. Like other forms of data
representations, fictionalization made Patrick’s and Matt’s voice assistant data experien-
tial, as opposed to “just” representational. But representation is, of course, always an
experience [41]. By using music as a conduit, Garcia illustrates how voice commands on
a spreadsheet can be turned into resonant narrative experiences readers carry in their

bodies.

Limited Omniscience and Data Perception

Another important feature of Hi/ How Can I Help? is the para-omniscient narration
developed by Garcia to represent the device’ perspective. The narrator’s perception is
simultaneously all-seeing and narrow, oscillating between a keen yet implicit awareness of
what is going on, and clear perceptual limitations. For example, in the scene where the
User’s cousin, Brian, arrives at the apartment for the first time, the description provides
concrete details to set the scene while also offering hints about the limits of what can be
seen:

“ “Cousin,” Brian said, turning in an arc as he spoke, as though to survey the
room, “I appreciate this so, so much. Really, this arrangement couldn’t have
come at a better time. Didn’t know what I was gonna do once my lease was
up.” He dropped something heavy but soft.”

(Hi! How Can I Help?)

52



4.6. Close Reading of Hi! How Can I
Help? Chapter 4. Writing with Data

Here, the narrator’s perspective is selectively detailed. It captures Brian’s sweeping
movement as he surveys the room, which suggests sight, but the subsequent description
of him dropping “something heavy but soft” indicates an absence of vision. The narrator
cannot name the object, only infer its material qualities through sound. We might spec-
ulate that Garcia is still working out the modalities of perception of the device, and it
might be so. The effect is nonetheless that of a complicated perceptivity, which captures
fragments but always fall short of grasping the full context. Yet, while Garcia gives this
mode of perception a distinctly machinic quality, the reader gets the sense that the main
characters, the User and Brian, also share this partial vision. Throughout the story, the
User seems oblivious to the effect that his depressed state and lack of drive has on his
cousin. Brian, for his part, is clearly blind to the deleterious effects his financial choices
have on his life, and soon on his cousin and his girlfriend as well. In this sense, machine
and human understandings are not so different: they are both simultaneously keen and
partial, seems to say Garcia, with the main difference being that humans can act on this
partial understanding of the world, whereas algorithmic systems cannot. At least, so it
seems.

The device also perceives emotion, in Garcia’s narrative. The voice assistant can
register pauses, hesitations, and sighs, but also from requests, to do lists, tasks and
alarms set by the User:

“The User was out of work. We knew because he had, on more than one
occasion, asked us to find him a job... He had asked us what documents he
would need to file for unemployment. .. After a number of weeks, he removed
the boutique coffee beans from his grocery list. He instructed us to defer
payment on his student loans.” (Hi! How Can I Help?)

Here, the narrator pieces together the User’s emotional state through discrete data
points: job searches, grocery list modifications, financial adjustments. There is no explicit
acknowledgment of his distress, only an inferred trajectory of decline. Again, human
perception works very much in the same way. Humans might pick up on the tone of
voice, but we also infer much from actions: removing a wedding ring before leaving the
house, browsing the web to know the passport renewal process. Gestures speak volume,
as literature has showed again and again.

Garcia’s depiction of the complicated device omniscience is also the depiction of a
writer feeling her way through the dark tunnels of algorithmic mode of perception: full
of metal boxes and wires and electrical signals one does not know how to read. In this
sense, Garcia’s process of fictionalization mirrors the narrator’s interpretative-statistical
labor. Like the device, the writer has to infer and construct. The voice assistant does this
through probabilistic reasoning, extrapolating from patterns to predict what a user might
need, while Garcia does it through aesthetic exploration, weaving together seemingly dis-
parate interactions into a cohesive and compelling narrative. Ultimately, the complicated
omniscience of the narrator in Hi/! How Can I Help? serves as both a narrative device and
a phenomenal exploration of data perception. It captures the paradox of datafication:
an entity that is automatically logging, yet cannot grasp, because understanding is not
an automated process. It requires a break in the continuous and programmed chain of
operations. This break in the continuous flow of automated actions is interpretation. Hi/
How Can I Help? is, ultimately, a tale about the process of data fictionalization itself,
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and shows how all forms of interpretation, whether human or machine, are ultimately
acts of creative manipulation.

4.7 Data, Interpretation, and Open Systems

The act of interpretation is of course central to the project of the Data Epics. In this
section, I want to go further into how the Data Epics are an example of the ways material
engagement can foster interpretation of digital systems and phenomena. In the case of
Imprimer, materiality was built into the interaction with the machine, through measure-
ments, calibration, and iteration, which helped makers develop material intuition and
better understand machine behavior. While the materiality in the Data Epics is more
subtle, it was still shaping the possibilities of encounters with data in important ways.
Besides the sometimes very hands-on and labor-intensive manipulations required to set
up the data collection apparatuses (see [37] for a more extended discussion of that as-
pect), manipulation also happened at the level of reading and making sense of the stories
and images they contained.

Language is not just a mean of communicating but a tool for conceptual and phys-
ical control. Language is operative. Neurologist Ian McGilchrist writes that language
might not have originated “in a drive to communicate” but “as a means of mapping the
world” and even “of manipulating [it].” [102, p. 174] Inherent to the ability to think
and imagine is the act of manipulating things conceptually. By turning personal IoT
data into material for fiction, the Data Epics added to the repertoire of data imaginaries,
but also extended the possibilities of what could be manipulated—and articulated—in
data-mediated everyday lives. In this section, I consider how the Data Epics mediated
interpretative engagement with data through fictionalization, in part by turning data
into a material. The Data Epics, then, function simultaneously as analytical artefacts
and as convivial tools, neither wholly determined by the infrastructures from which their
raw material was drawn, nor entirely emancipated from them. Instead, they are seized
in the spaces where data gets worn, used, repurposed, fictionalized, told otherwise. In
attending to this process, we are invited to ask not simply what data is, but how it feels
when encountered through the expansive worlds of fiction.

Manipulating Data

In data science, data are often framed as discrete values that can be analyzed and are
often used for decision-making. Data-driven strategies are valued in corporate and or-
ganizational contexts, as they give stakeholders insurance that decisions are based on
verifiable information and rigorous processes. Data, in these scenarios, are treated as
means to an end; abstract realities that guide the tangible outcomes of executive de-
cision making. However, an alternative approach considers data as an end in itself, as
an expressive phenomena, or even better, a malleable material, something that can be
reshaped, reinterpreted, and repurposed. This shift reconfigures the possibilities of en-
gagement with data from one of acquiescent usage to one of active manipulation. The
Data Epics project enabled this reconfiguration by treating data as a medium that can
be worked with.

In the context of the stories that emerged from this project, data took on an expressive
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and at times even visceral quality—such as how music requests were integrated into Hi/
How Can I Help?. This visceral quality of data is discussed by D’Ignazio and Klein
as data visceralization, a practice that seeks to engage the body and emotions in data
interpretation rather than relying solely on abstract numerical representations [32]. Media
scholar Luke Stark suggests that visceralization allows people “to see, hear, feel, breathe,
and even ingest” data [142]. If we take seriously the idea that data is a material, we
must ask: what are its affordances? How does treating data like a physical material open
up new ways of working with it? Traditional materials such as paper, clay, or textiles
have qualities of malleability, texture, weight, and responsiveness; they can be stretched,
shaped, or layered in ways that alter how they are perceived and used. Similarly, data,
when framed as a material, can be worked with, stretched, cut, duplicated, distorted, and
used to create new things rather than simply taken at face value. The Data Epics stories
illustrate just one way the affordances of data as material could be used.

The Data Epics approach to working with data suggests an alternative to realist
or mechanistic approaches to data. According to Drucker, these approaches “depend
upon the idea that phenomena are observer-independent and can be characterized as
data. Data pass themselves off as mere descriptions of a priori, or given, conditions.”
But, as she reminds us, “treating observation if it were the same as the phenomena
observed collapses the critical distance between the phenomenal (perceivable) world and
its interpretation” [45]. By treating data as a material, the Data Epics reopened the
space of interpretation between data and the phenomenal world of its producers, moving
beyond realist representation into a realm where data could be shaped, questioned, and
made expressive.

Interpretation as an Expansive Process

If interpretation was a process of revealing pre-existing meaning from a text, or dataset,
then it would be no different than algorithmic prediction. But interpretation relies on
different mechanisms. Interpretation can instead be understood as engaging with an
active, generative process that reshapes both the interpreter and the interpreted. Media
and literary scholar Yves Citton’s concept of reconfiguration is particularly relevant to
the Data Epics, and to understand the heuristic principles of interpretation. Citton
argues that literary reading is not simply about uncovering a text’s intended meaning,
but about reordering perceptions, recasting relationships, and producing new realities.
Citton writes:“[Literary] interpretation ... reclassifies the signifying material of the text
according to connotative virtualities” [28, p.139], meaning that literary interpretation is
a process of generating and choosing potential significations according to the interpreter’s
unique position (physical, cultural, political, epistemic, etc.). The worlds and images of
the Data Epics often surprised and sometimes confused the participants, because they
were read against the backdrop of certain pre-existing significations: participants expected
to be seen through their data, anticipating their data to act as a mirror or window into
their routines and daily rhythms. Instead, the data acted as a window onto very foreign
worlds and lives. The fictionalization process revealed that the material of their data,
rather than being pre-codified by its source (the home dweller’s domestic lives), was
untethered and open to be recombined and retold through other voices—and therefore
other “connotative virtualities.” Rather than treating data as an objective, self-contained
entity, the Data Epics ask: “What can be made from this data? What new realities
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can they help construct?” The surprising or sometimes confusing aspects of the Data
Epics also created what Grauer describes as ungrammatical moments, as discussed in
Chapter 2. These ungrammatical moments are times when the expected syntactic order
of representations is disrupted, creating interpretive ambiguity.

In Data Epics, the datasets function in a similar way: rather than offering a straight-
forward narrative, they introduce productive dissonances that invite the writers to spec-
ulate, reinterpret, and construct their own connections between fragments. In the words
of Marie Wilkinson, one of the Data Epics writers: “The data in some way [tries] to tell
some other story, [one| that feels almost like it’s a corollary to the data.” But this other
story requires time and space to unfold—for the data to be interpreted otherwise.

This interpretative expansion also reframes the role of the data producers, whether
they are reading a short story or interacting with a smart device. Traditional data
visualization often prescribes a specific interpretation: the design and interface guide the
user toward a particular conclusion, minimizing ambiguity. Data fiction, by contrast,
fosters speculation and equivocal interpretations. Howell et al. critique the normative
function of data-driven interfaces, arguing that they often impose predefined meaning onto
users rather than inviting interpretation [67]. Speaking specifically of biosensing data,
the authors recommend that when designing with data or data-driven devices, researchers
“engage materials because doing so invites attunement to specificity and embodiment”
[67]. This recommendation resonates with the approach of the Data Epics, which shifts
from representation to performativity, and transforms data into a site of engagement
rather than an endpoint of algorithmic analysis, The home dwellers did not receive an
interpretation, but were instead required to actively supply their own, and by doing so
to participate in the evaluation and construction of new data worlds.

From Closed Systems to Open Interpretations

As T discuss elsewhere [13], open systems are systems that can be repaired, modified,
extended and reconfigured, and that are designed to be legible so as to support—and
even encourage—these types of interventions. Openness, here, does mean non-proprietary
(although it can) but inviting participation. Closed systems, by contrast, are designed so
as not to allow for much extension or even repair, outsourcing these actions to “expert”
parties. One objective of this dissertation is to inquire into how hermeneutic traditions
(and literary interpretation in particular) can contribute to the design of open systems,
as well as the cultivation of the practices necessary to engage with them. This dual
approach to an open systems infrastructure, both in terms of systems design and cultural
practice, I call hermeneutic engineering. In the context of data, this means designing
systems that allow users to explore, manipulate, and reinterpret data rather than settling
for prescriptive interpretations. This is not to say that it is wrong to engage with more
structured forms of data representation such as data visualizations, only that this is often
the only alternative and that other ways of engaging with data are needed. Moreover,
the mechanisms of data collection, manipulation and interpretation tend to be obscured,
and this “black-boxing” of systems’ complexity, while often done in service of legibility,
also tend to create alienation by obscuring the inner workings of systems and preventing
meaningful engagement.

Through the Data Epics, data are revealed to be both illuminating and obscuring,
sitting in the “gap between the document as evidentiary object and the “knowing” it is

56



4.7. Data, Interpretation, and Open
Systems Chapter 4. Writing with Data

meant to produce” writes Sun-Ha Hong [66, p. 52]. He continues:

This gap is at the level of neither metaphysics nor the content of individual
experience but the embodied and social structures that any regime of knowl-
edge depends on. ... What does it mean for an object to acquire the status of
proof? What other proof must exist for this object to tell its truth, and what
are the subterranean beliefs, objects, conventions, and rhetoric that prop up
its veridical authority? The recessivity of data and technology, so fundamental
to surveillance’s project of knowing, undergirds these phenomena.” [66]

Hong describes the fact that knowledge always depends on material conditions, and
that since data’s materiality is often ineffable or abstracted, data-driven knowledge tends
to bring uncertainty and credence—in equal measure. The recessivity of data is the
shadow that loomed over the participants of the Data Epics, as they wondered whether
the data would “spill its secrets” (or theirs), and what secrets those would be, exactly.

By treating data as material, as fiction, and as an open-ended interpretative space,
the approach of the Data Epics showed that data had no secrets besides those that
humans choose to read (or write) into it. The recessivity of data instead turned into
recipient data—capable of receiving and accommodating a plurality of interpretation,
voices, stories, images, and worlds. The Data Epics suggest that data systems could be
designed to support such interpretative, affective, and expressive engagements. I argue
that, by doing so, data systems would become more convivial tools, enabling exploratory
ways of knowing, feeling, and imagining through data.
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CHAPTER 5

Writing with Transformers

5.1 Experiments in Algorithmic Writing

When author Rie Kudan accepted Japan’s prestigious literary prize, the Akutagawa, in
April of last year, she admitted that approximately 5% of her novel had been written
with ChatGPT. The controversy that followed was perhaps less remarkable than what it
revealed: that algorithmic writing is now part of almost any form of textual production,
from Substack newsletters to marketing copy, from student essays to, now, award-winning
fiction [7]. We are, more than ever, in an age of writing with machines.

This chapter explores what it means to write with computational systems, particu-
larly transformers, a specific machine learning architecture on which some of the most
widely used large language models are based, such as OpenAl’s GPT-5, Google’s Gem-
ini, and Anthropic’s Claude. In some sense, this chapter represents the culmination of
this dissertation’s inquiry into writing technologies. This inquiry traced a path from the
computational notebooks of Imprimer (whose very name evokes the mechanical history
of print), through the narrative reconfigurations of the Data Epics, to arrive here at the
most explicit form of human-machine co-authorship: writing with LLMs. The entangle-
ment of writing and mechanical reproduction is, of course, not new. Since Gutenberg’s
invention of the movable type printing press in the 17th century, textual production has
been shaped by mechanical means. One of my favorite books is the Graphical Arts En-
cyclopedia edited by George A. Stevenson and published in 1968. The book is described
by the publisher as a guide “to provide basic understanding and practical guidance in the
reproduction of words and pictures” [143] and it is, in fact, full of machines (see Figure
5.1). The process of reproducing—and, I argue, producing— text has always involved
materials and machines: clay, cloth, ink, animal glue, fiber, nibs, presses, typewriters,
algorithms, etc. Techniques and procedural manipulation of language have been around
for a while now, from the printing press to the cut-up poetry of the Dadaists, from the
combinatorial science of letters of 13th century Jewish mystic Abulafia [109] to the 2013
computer-generated novel World Clock by Nick Montfort [105], and from the Automated
Writing Exercises of seekers and mystics (and later, Surrealists) to the recombinatory
prose of LLMs.

A few centuries before large language models entered the scene, the 19th century saw
an explosion of mechanical writing aids: from the polygraph (a device for simultaneous
copying), to the typewriter, to the stenotype [50]. Each new tool promised to capture
speech and thought with more precision, often did so by automating techniques that had
hitherto relied on human speed alone. One example is the development of stenography,
or shorthand, specialized writing systems that encoded speech into geometric marks (see
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Whiteprinting » Screen-Process.

Figure 5.1. Graphic Arts Encyclopedia, edited by
George A. Stevenson, 1968.

Figure 5.2). With the arrival of the stenotype, designed to facilitate stenography work in
court rooms, among others, stenographers had to fundamentally reconfigure their bod-
ies to interface with the machine, memorizing complex finger-to-letter associations and
positioning themselves at precise ergonomic angles to achieve the necessary speed and
accuracy (see Figure 5.3). The body of the stenographer and the machine must coordi-
nate into a single writing system. Writing has always been a practice requiring bodily
adaptation to tools, whether these tools were the quill, the typewriter, the stenotype, or
the computer. There is no such a thing as “natural” or purely human writing.

Yet what distinguished these earlier technologies was their role as tools that captured
human speech and thought or reproduced it, but did not participate in the compositional
process itself. Large language models represent a different paradigm. They draw from vast
text corpora to produce prose that can be indistinguishable from human writing. This
shift from reproduction to generation is what triggers alarms, and what caused much
controversy at Rie Kudan’s admission. Writing is always a particular configuration of
mind, body, and tool(s). In this chapter, I investigate the specific ways that large language
models mediate and transform writing through the analysis of the Automated Writing
Exercise, which involves prompting a large language model, specifically transformers, a
type of neural network architecture introduced in 2017 by Vaswani et al. [161] that excels
at processing sequential data by using a core mechanism called self-attention, to weigh
the importance of different parts of the input sequence when processing any given part.
Popular transformer models include OpenAl’s GPT, Anthropic’s Claude, and Google’s
Gemini. If Chapter 3 showed how digital fabrication could be reconceived as a form
of writing-with-machines, and Chapter 4 demonstrated how data could be transformed
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Figure 5.2. Part of a text written in Gregg short-
hand, in English, from John Robert
Gregg’s book Gregg Shorthand. A
Light-Line Phonography for the Million,
1916, page 153. Public domain.

HEIGHT TO CAUSE FOREARM
FROM ELBOW TQ KNUCKLE
TO BE PERFECTLY LEVEL

<y

POSITION OF
FEET ORJGINATES
FROM .THAT OF
A RUNNER. —,

MEMORIZE LETTER AND FINGER ASSOCIATIONS

Figure 5.3. Stenographers had to reconfigure their
bodies to interface with the machine,
memorizing complex finger-to-letter as-
sociations and positioning themselves in
precise ways to achieve the necessary
speed and accuracy.
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through narrative interpretation, then this chapter presents the most direct investigation
of what it means to write as a technologically mediated process.

My own experiments with transformers began in 2019, a few years before OpenAl
launched ChatGPT and its flagship model became a household name. I was working
with GPT-2, a model that by today’s standards was plain bizarre and glitchy. In truth,
GPT-2’s quirkiness was already erring more on the side of the uncanny rather than the
impressive, even without the comparison to later models. This uncanniness was sometimes
puzzling, but most often it was just fascinating, and downright funny, as Janelle Shane’s
blog Al Weirdness demonstrates [132]. Where contemporary models produce polished,
coherent prose, GPT-2 was prone to delightful gibberish: sentences that would veer off
into unexpected territories, physics that didn’t quite work, recipes that probably killed
you or burned down your house, and logic that would suddenly dissolve. As part of
my experimentation with this meandering algorithmic logic, I developed a divinatory
home device called Sybil, which generated custom riddles based on the seeker’s breathing
patterns [12]. The riddles were, of course, sibylline, which was the point: I was working
through ways of encountering these algorithmic systems of their own aesthetic terrain,
viewing their strangeness as an attribute that could be leveraged for interactions not
premised on productivity or efficiency, but rather on curiosity and openness. I was, in
other words, trying to create openings for interpretation, setting up the scene to invite
inquiry and a kind of creative meddling with this strange algorithmic voice.

After Sybil and other experiments in algorithmic poetry generation [39], I read Black
feminist scholar Bettina Judd’s piece Glossolalia in the spring of 2021, at the recommen-
dation of my advisor Daniela Rosner [74]. Judd’s writing and experiment with Google
Translate, which I will discuss further, laid the conceptual ground for the development
and refinement of the Automated Writing Exercise. Over the period from 2022 to 2024,
I implemented this exercise in four distinct workshop and classroom settings, where par-
ticipants and I together explored and identified new facets of what this body-machine
configuration could achieve. What follows is, first, a discussion of the origins of the Auto-
mated Writing Exercise in Judd’s glossolalia experiment and Lucille Clifton’s automatic
writing practice, and second, an account of how that experiment was extended through
large language models as a form of material inquiry into the aesthetics and politics of
machine-generated text. By running multiple open-source models locally, adjusting pa-
rameters, and iterating through different configurations, I sought to understand not just
what these models produce but how they produce it, and what their particular modes of
production reveal about the process of writing with transformers.

5.2 Glossolalia and Automated Writing

The origins of the Automated Writing Exercise can be traced back to my reading of Bet-
tina Judd’s Glossolalia, in which Judd describes an experiment where she uses Google
Translate to attempt to translate glossolalia—the speech of tongues—into English. Glos-
solalia is the phenomenon of speaking in an unknown language, especially in religious
or spiritual contexts. While the speech of glossolalia often has language-like patterns
(rhythm, intonation, syllable structure), it doesn’t correspond to any known human lan-
guage. Glossolalia is therefore an experience of unintelligibility, which is exactly what

62



Chapter 5. Writing with

5.2. Glossolalia and Automated Writing Transformers

Judd wanted to explore by using Google’s translation software. Such systems are premised
on the idea that speech is intelligible, that meaning is embedded in words and not enacted
through relations. Judd describes her experiment as follow:

“In this experiment, I speak in tongues, transcribe it, and see if Google’s
translation software could decipher meaning. It did not, and in some sense, it
did. It deciphered a meaning in my revisiting its translations. More meaning
than T could cognate with the text of the tongues itself” [74, p. 144]

The act of feeding glossolalia, which, in the words of Judd, is “not about meaning”
but “experience,” into a system designed for semantic coherence highlighted the technical
and ideological premises embedded in this particular language processing system. It
was an experiment that not only tested the edges of the tool but also gestured toward
the spiritual, affective, and cultural dimensions of language that computational systems
struggle to grasp.

Judd’s own experiment was inspired by the work of American poet Lucille Clifton,
who used automatic writing to write poetry (see Figure 5.4). A self-described “two-
headed woman,” an African American term for a woman connected to the spirit world
[96], Lucille Clifton’s automatic writing practice directly challenged her Baptist upbring-
ing. Her practice of spirit writing through automatic writing began in the late 1970s and
represented what Judd calls an “embodied technology”and allowed Clifton to practice
forms of humanness beyond Enlightenment-era conceptions of the human [74, 170]. This
spiritual practice was critical to the negotiations of her identity, as her automatic writing
became a form of self-making that negotiated the complexities of existing within what
Hortense Spillers describes as the “fleshy, un-embodied fact of Blackness” [141]. Clifton’s
archived folders of handwritten notes from “The Ones” and transcripts of conversations
with spirits (including her deceased mother) directly informed her published poetry col-
lections and represented a creative process that was simultaneously both spiritual and
embodied.

We might say Lucille’s automatic writing and communication with spirit was as a
slanted approach to writing, that is one that approaches sideways the other voices and
presences that haunt all writing, and this orientation [1] leads to different forms of textual
expression, and possibly, of ways of being.

An important aspect of both Judd’s glossolalia experiment and of Clifton’s auto-
matic writing practice is the question of (il)legibility and (in)decipherability. This inde-
cipherability is a fundamental condition of meaning-making itself: what appears initially
as opacity to interpretation reveals itself to be the very material from which meaning
emerges. The undecipherable text becomes a site of generative encounter, a space where
meaning must be actively constructed—readers cannot rely on usual linguistic schemas
and must assemble new ones on the fly. Indecipherability and illegibility are the “ungram-
maticalities” described by Victor Graeur and discussed in Chapter 2. This interpretative
labor, the work of making sense from apparent nonsense, operates through technical pro-
cesses that span the historical arc of writing, from manuscript culture to machine learning
architectures.

Indeed, another example of indecipherability that manifest in both the material traces
and linguistic form of writing is Virginia Woolf’s Melymbrosia manuscript, which was the
more politically and sexually overt version of what would eventually become Woolf’s
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Figure 5.4. A sample of poet Lucille Clifton’s spirit
writing. From Emory’s University Stu-

art A. Rose Manuscript, Archives, and
Rare Book Library [95].

first novel, The Voyage Out [169, 168]. Woolf, a prominent figure of the English liter-
ary canon, has become known for her experimental modernist style that is notable for
its stream-of-consciousness technique that relay the characters’ inner thoughts and feel-
ings. The non-linear and complex style, with shifting perspectives, has been significantly
smoothed out from the initial manuscript, Melymbrosia, which was heavily edited to
become more “readable” to the public. Part of the process of transforming the initial
manuscript into The Voyage Out required revisions and annotations across hundreds of
manuscript pages, that then had to be deciphered by genetic editors (responsible to col-
lect manuscript versions, sorting them out, dating them, and reconstructing the writing
process) for publication. English scholar Monica Latham describes the process of genetic
edition as “transcribing the raw material or the authors’ working manuscripts and type-
scripts—difficult to read and unavailable for the majority of readers, who usually read a
traditional format of commercialised books-editors and publishers have made them graph-
ically readable, and thus allowed different types of readers to have access to them.” [84].
The editorial interventions that transform Woolf’s chaotic annotations into publishable
prose enact the same fundamental operation as the translation model that process Judd’s
glossolalia into “legible” and decipherable prose. Both genetic publishing and language
models represent what we might call technologies of symbolic structuration: systems
designed to make legible materials that resist conventional reading practices. Latham’s
genetic editors, laboring to decode and transcribe authors’” “chaotic handwriting,” engage
in a form of translation work that mirrors the algorithmic processes by which Google
Translate convert unknown tongues into known ones—and by which large language mod-
els with a transformer architecture convert unpredictable inputs into structured responses.
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Yet the apparent opposition between “human” indecipherability and “machinic” legibility
dissolves upon closer inspection. As the genetic edition work shows, humans constantly
engage in structuring work, while machines regularly produce outputs that confound their
intended purposes [132]. The genetic editor who struggles to parse an author’s marginalia
and the transformer model that generates uncanny textual continuations both participate
in the continuous negotiation between structure and flow. Clifton’s embodied practice of
automatic writing is a further expression of how riding the edge of legibility brings up
new possibilities for interpretation, and therefore, for reconfiguration. Could the bypass-
ing of conscious intention in Clifton’s practice (her “embodied technology”) enter into
dialogue (rather than opposition) with the disinterested and disembodied predictions of
transformer models? Both represent forms of technical mediation that allow meaning to
emerge through processes that exceed human control, whether through the cultivation of
altered states of consciousness or through algorithmic manipulations.

The Automated Writing Exercise stages this dialogue explicitly. The challenges to
legibility that present stream-of-consciousness prose (its eschewing or indifference to con-
ventional grammatical and semantic structures) meets systems specifically designed to
impose such structures upon text. The result is neither human expression nor mechani-
cal reproduction, but something more complex: a form of collaborative meaning-making
that reveals the interpretative labor embedded in all technical processes of reading and
writing.

5.3 The Automated Writing Exercise

In this section, I discuss the Automated Writing Exercise in more details, using one
specific self-guided experiment conducted in the winter of 2025. For this experiment, I
followed the constraints imposed in other versions of the exercise: a ten-minute session
of uninterrupted, continuous writing produced the “seed text” which was then extended
through different large language models.

For this experiment I chose to run open-source models locally on my own machine
using GPT4All by Nomic [55] (see 5.5), an interface that allows users to test various freely
available models without relying on external servers. This choice to work with smaller,
local models for this experiment was made for several reasons: first, the performance
of cloud-based models like OpenAl’'s GPT-4 was a hindrance more than a boon to this
exercise, as it transformed the more “disheveled” stream-of-consciousness writing into a
“median” prose that erased all asperities of the initial text rather than amplifying or
developing them. Second, the choice to work with local models was an extension of the
larger methodological stance of this dissertation. Just as printed text or computational
means create particular material conditions for interpretation, so too does the way a large
language model is hosted, accessed, and engaged with. Running models locally allowed
for more control over the parameters of generation and, perhaps just as significantly,
demanded more engagement with the limitations of the models themselves, given that
smaller models require better contextualization and more specific prompting.

Beyond questions of access and control, this experiment was also motivated by a desire
to systematically explore the variations that emerge in algorithmic writing when using
different models, parameters, and instructions. Conducting a stylistic/textual analysis of
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Settings

Suggest three very short factual follow-up questions been answered yet or cannot be found inspired by the previous conversation and
excerpts.

Figure 5.5. GPT4All by Nomic. Model settings can
be adjusted, including system message
and temperature.

various models’ outputs has much appeal as a yet unexplored form of LLM evaluation: to
consider not just how “fast” a model could write and how “accurately” it could analyze
and summarize text, but to pay attention to the quality of the prose, and what kind
of “voice” it generates. The experiment became an exploration of textual orientations:
what kinds of voices do these models enact? What rhythms, syntactic structures, and
narrative inclinations emerge under different constraints? Rather than evaluating large
language models’ output in terms of accuracy or correctness, through benchmarks this
study considers the aesthetic and therefore expressive quality of the prose, the subtle ways
in which different models shape, extend, or transform an initial passage. By working
across multiple models, tweaking system messages, and shifting temperature values, I
sought to explore how LLMs perform certain types of aesthetic logic, and how those
influence the final composition.

Experimental Setup

The Automated Writing Exercise is structured through the following steps:

The writer begins by writing for 10 minutes without stopping.
2. The resulting text is then used as a prompt a large language models.

(Additional step for the self-guided iteration) Since I used several models for the
same seed text, each model was tested under different temperature settings (ranging
from 1.0 to 2.0) and with variations in system messages to fine-tune their outputs.
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Iterative Machine Writing

The outputs of this experiment are best read in succession. In fact, the iterative process
of using the same prompt several times for different models highlighted the cumulative
effect of tweaks in model parameters and system instructions. That is, rather than con-
sidering each output in isolation, I was reading them one after the other, making subtle
changes to the models’ instruction and parameters to see what changed. This makes each
machine output as kind of textual “swatch” which reveals the material behavior of differ-
ent models. The analysis below follows this progression of outputs, beginning with the
first iteration using Nous Hermes 2 at a conservative temperature of 1.5 and concluding
with DeepSeek R1 at 2.0.

List of the iterations in this experiment:

Nous Hermes 2 at temperature 1.5
Llama 3 at temperature 1.5
Nous Hermes 2 at temperature 2.0
Llama 3 at temperature 2.0

Llama 3 at temperature 2.5

AR ATl S

DeepSeek R1 at temperature 2.0

A Note on Form, Style and Content in Text

Form, style, and content are interrelated but distinct dimensions of writing and it is
helpful to differentiate them before I dive into the analysis. Form refers to the structural
and linguistic elements that shape a text, including sentence structure, syntax, and overall
organization [81]. It also encompasses tone (the emotional or rhetorical stance of the
text), and linguistic register (formal, informal, poetic, academic, etc.), among others.
I understand style as a subset of form. Style refers to the particular ways the formal
elements of the text are used, through for instance diction, rhythm, and figurative devices.
Style is, in this sense, tied to rhetoric, in that it refers to the use of language to create
particular aesthetic and cognitive effects, whereas rhetoric is the art of speech to produce
certain persuasive effects. Argumentation is always an aesthetic affair. Content, by
contrast, pertains to what the text is actually about: the ideas, themes, arguments, and
references it contains. In my analysis, I distinguish between the formal aspects of LLM-
generated text—how it enacts a particular tone, register, and stylistic tendencies—and
the content dimensions, which involve the substance of what is being said, including any
introduced themes, ideas or references.

Textual Analysis

In the first iteration, using Nous Hermes 2 at a temperature of 1.5, the model produced
a text that was notably stable and formally coherent. The output followed the syntactic
structure and lexical choices of the seed text without introducing any glaring inconsisten-
cies or grammatical errors. In fact, the formal “perfection” of the artificial text clashed
somewhat with the untidiness of the seed text. What the model retained best from the
seed text was not tone or style but the theme (one of many) of being exposed through
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writing, or writing as a kind of unveiling:

“The idea of sharing our subconscious thoughts and feelings with others is
intriguing but also daunting. There’s a vulnerability that comes with baring
one’s soul, exposing the inner workings of our minds to scrutiny. Yet, it could
be liberating too - like breaking free from societal norms and expectations.”

The theme of sharing with others—whether a text, the exercise, oneself— reappeared
across all outputs, regardless of the models and parameters. The next iteration used
Llama 3 at the same temperature (1.5). While still generally stable, the text took on
a distinctly more enthusiastic tone, departing slightly from the neutral flow of the seed
text. More notably, the model introduced a self-aware reflection on the writing process
itself, referencing “this stream-of-consciousness exercise in all its messy glory.” This ten-
dency to acknowledge the exercise was also a recurrent feature of all the outputs, as
if the models needed to situate themselves or provide context for the reader to situate
themselves within the text. One striking artifact across all model outputs was their
tendency to introduce paragraph breaks, even when instructed to produce continuous,
stream-of-consciousness writing. When the temperature was increased to 2.0 in the third
iteration, again using Nous Hermes 2, the text was divided into four distinct stanzas,
each 2-4 sentences long. Line breaks are very important in poetry, indicating rhythm and
inserting pauses where the reader might otherwise continue reading according to gram-
matical rules. Here, the break of the text into ‘manageable’ chunks suggests an inherent
formalization of stream-of-consciousness writing, reinforcing progression and readability
rather than textual overflow. The text is “reined in,” even when mimicking a freer type
of writing. Beyond this formal tendency, a thematic throughline emerged across these
first iterations: writing as a means of perceiving the invisible (“divinity, intelligence, even
insanity”):

“Weve associated writing and good writing in particular with gods, with ge-
niuses, with oracles. And what if we’re wrong and in fact the divine, the god-
like is actually unintelligible, ineffable, opaque? There is a quality of speech
that says I am human and one that says I am animal or I am god or I am
something else, something new entirely.”

In the models’” outputs, however, this reference to “gods” became indeed something
else entirely: sometimes the “subconscious”, sometimes the “collective unconscious,” and
in more poetic moments, “the mysterious and the sublime.” Llama 3 at 2.0 was in fact
much more poetic than Llama 3 at 2.5 (a small temperature increase). Yet, the images
were trite, such as when it described the feeling of diving into the Automated Writing Fx-
ercise: “It’s both exhilarating and terrifying at the same time — like standing at the edge of
a cliff, feeling the wind in your hair, and wondering what lies beyond.” At higher temper-
ature, the model dropped the poetic flourished and came back to a more matter-of-fact,
almost flat tone. It used the same metaphor twice. It again included a meta-commentary
on the exercise itself, directly referencing the stream-of-consciousness writing. Unlike
Nous Hermes 2, which introduced external subjects and rhetorical flourishes, Llama 3 at
this setting centered the text around the linguistic process that generates the text: “The
exercise continues, and my thoughts begin to meander through memories, emotions, and

68



Chapter 5. Writing with

5.3. The Automated Writing Exercise Transformers

ideas like a river flowing through the landscape of my mind. The words start to blur to-
gether, forming strange patterns and connections that defy logic or coherence.” Except,
nothing ever defied logic or coherence in any of the artificial text.

Finally, the experiment concluded with DeepSeek R1 at temperature 2.0, a model
that is known for its reasoning abilities and for showing part of its reasoning in natural
language. Interestingly, DeepSeek read my system message (“Continue any writing the
user inputs as if you were them. Write in a stream-of-consciousness manner”) not as
instructions to it but as contextual information about me. Below is the first line of
reasoning of the model:

“Okay, so I'm trying to understand this exercise where the user is supposed
to continue writing as if they were themselves. It’s a stream-of-consciousness
style, which means just letting thoughts flow without much editing or structure.
The initial part talks about how different it feels to write at home versus in
an academic setting. Hmm, that makes sense because when you're at home,
maybe you don’t have the same pressure as school where grades and correctness
matter.”

Rather than continuing the passage in a fluid, associative manner, the DeepSeek R1
model treated it as an object of analysis—of reasoning—attempting to determine my
intent and extract meaning from the input. It interpreted the task not as generating
stream-of-consciousness text but as understanding why the user had written in that way.
The output eventually took the form of a bullet-point summary, listing what it identified
as the key points of my seed text. This response is very different other models, which all
followed the system message as instructions to them, not to me. But DeepSeek framed
the task as a problem-solving exercise. This suggests the mode of interaction is in part
determined by the architecture of the model, which in turn influence the prose style of
generated text.

These iterations illustrate how writing with LLMs is an ongoing negotiation between
the model, the system instructions, the prompt, the parameters, and the outputs. The
introduction of different temperatures did not make the models more “creative” in a
straightforward sense. The results were more erratic: sometimes more poetic at lower
temperatures and more conventional at higher ones. Some models responded by expand-
ing the scope of the writing, incorporating new rhetorical registers, while others became
preoccupied with establishing context, producing self-referential loops that blurred the
boundaries between text generation and text analysis. In this experiment, text became
for me a material to recombine and transform content, closer to a process of collage than
wordsmithing. Incorporating several models and iterations in the exercise made it an
exploration of the expressive capacities of each model. It became an exercise in finding
out what kinds of textual subjectivities do different models enact, and how to use them to
their best possible effect. How do each model intervene in, reshape, or redirect the original
writing? This experiment suggests that these questions are both technical—seeking to
understand models architecture’s influence on writing—and hermeneutic, seeking to de-
velop a personal grammar of large language model writing based on iterative exploration
and interpretative engagement.
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Model Selection: Brushes and Strokes in Computational Writing

Every large language model carries the weight of its own training history, its own statis-
tical adjustments to language and discourse. While models are designed to be general-
purpose, they each possess distinct stylistic tendencies, shaped by their parameters and
datasets. I approached each model like a distinct type of textual “brush,” applying a
different texture to the text it extends.

Beyond model selection, two additional parameters played important roles in shaping
the outputs: the system message and temperature settings. Initially, I noticed that the
models defaulted to a conversational tone, anticipating a back-and-forth exchange with a
user, which was an artifact of their general-purpose training, unless explicit instructions
are given, chat-based models tend to assume an interactive context, often shifting into
explanatory or didactic speech. To counter this, I introduced a system message explicitly
instructing the model to continue my writing in a stream-of-consciousness style. This
intervention immediately changed the dynamics of the generated text, forcing the model
to sustain the flow of prose rather than analyzing it.

The second adjustment was temperature, a parameter that determines how determin-
istic (or stochastic) the model’s output will be. At lower temperatures (around 0.7-1.0),
the model’s responses were stable and linear, tending toward conformity with the seed
text. At higher temperatures (2.0 and beyond), the outputs became more “creative” and
stray farther from the seed text and the statistical norm of the model’s training data. The
text that emerges from this experiment is the result of a continual negotiation between
these four “parameters”: seed text (or prompt), model, system message, and tempera-
ture. The experiment, then, was about encountering the specific materialities of each
model, and to observe how they extend (or distort) the writing process.

5.4 Iterations of the Automated Writing Exercise

Between 2022 and 2024, I ran the automated writing activity four times: three times in
classroom settings—first in a speculative design module within a design methods course,
then titled On the Bias, an interdisciplinary class on algorithmic bias co-taught and co-
developed with professors Daniela Rosner and Afroditi Psarra—and once as a workshop
for a Data & Society research event in May 2023 [35]. I followed a similar structure
for each iteration: I asked participants to engage in a ten-minute session of stream-
of-consciousness writing, after which their texts were extended using a large language
model. The models used were various iterations of OpenAI’'s GPT, from GPT-2 in 2022
to GPT-4 in 2024, and each time I noticed important shifts in how each model extended
the human-generated text. These shifts reflected the rapid technological developments
in machine learning, and in the context of the Automated Writing Exercise, revealed
underlying tensions between unpredictability and control, and (linguistic) expressivity
and correctness. From the earliest iterations, the exercise demonstrated how different
versions of large language models introduced distinct aesthetic possibilities, as discussed
in the previous section. GPT-2, with its idiosyncratic turns of phrases, frequent non-
sequiturs, and often shaky understanding of physics, often produced text that had a
distinct flavor. It was like a very smart child parroting adults, replicating their speech
perfectly but without true understanding of what the words meant. The “shakiness” of
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GPT-2 made it an compelling creative partner, embracing discontinuity in a way that
invited a wide range of users, such as artists, comedians, writers [138, 114, 9], and data
scientists [132] alike, to engage with it—to humorous and aesthetically interesting effects.
To be shaky, or trembling, is to be unstable, perhaps even unreliable. There is a lack of
accuracy in shakiness. Yes, this lack of accuracy is exactly what often introduces extra
space between the elements of traditional and “correct” linguistic expression, enabling
opportunities for aesthetic and semantic reconfigurations. By contrast with GPT-2, GPT-
4, deployed in the last iteration of the exercise, had lost all of the nonsensical aspects of
earlier models. Its responses were polished and structured, perfectly correct. As such, it
functioned less as a vector of experimental writing and more as a writing assistant, one
eager to bring that clarity to the writing. As I discuss in the next section, this somewhat
defeated the purpose of automatic writing, whose interest lies exactly in the glitchy prose
of a more free-flowing and associative state.

Below I describe four iterations of the Automated Writing Exercise conducted between
2022 and 2024.

First Iteration: Design Methods Course

The Automated Writing Exercise was first introduced in 2022 as part of a speculative
design module within a design methods course taught by Daniela Rosner. This initial
experiment sought to explore the intersection of digital technology and speculative and
divinatory activities. The course featured a mix of undergraduate and graduate students.

Following the usual process, students were asked to engage in a ten-minute stream-of-
consciousness writing session, producing freeform, unstructured text without constraint
besides one: they couldn’t stop once during the whole 10 minute period. The theme of the
text was up to them. Their writing was then input into Inferkit [77], a text generation
tool built on OpenAl’s GPT-2, which extended their original prose. The results were
often surprising, a little uncanny, and very personal.

The GPT-2’s generated text was striking in its ability to echo the thematic content of
the students’ input while subtly shifting its voice and logic. The model was not always
continuing the text in a straightforward manner but was interpreting the seed text’s tone
to infer content, which makes sense. The Al-generated text was indeed an interpretation
of the original text, picked among a variety of possible outputs. A sad tone became a
depressed voice and talked about life hardships; a particular concern was extrapolated
as being personal or professional in nature based on the language used in the text. This
often resulted in outputs that felt both familiar yet alien, capturing the essence of the
student’s style but infusing it with an otherness that was difficult to categorize. Some
outputs contained grammatical inconsistencies and syntactic idiosyncrasies that were con-
sistent with the input text. Repetitions were clearly kept as stylistic choices, rather than
textual glitches caused by the pressure of non-stop writing. For most students, the text
was puzzling because it felt both connected to them and alien: clearly the algorithmically
generated prose was not their own, but still had been prompted by them. Which parts
were amplified, and how was their indirect prompt interpreted by the model? Students
genrally had mixed reactions to the exercise. In general, the mood was cautious, and
considering. There was a mix of interest and reluctance in seeing their thoughts trans-
formed by the LLM. Due to the intimate nature of the seed text, there was a noticeable
reluctance to share outputs with the class. One student shared, with dismay, that al-
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though she had made no mention of her home city in the text—Chicago—the name of
the city appeared in her Al-generated text. Was it a coincidence? It made her reread
her initial text to look for clues that might have given it away, but she could find none.
Unlike traditional collaborative writing exercises, where authorship is explicitly shared
and negotiated and the decisions can be traced back to an author, the involvement of
a machine added a layer of ambiguity to the ownership of the text. What was “her” in
this text—a reflection of herself, revealing aspects unbeknownst to her— and what was
algorithmic patterns? And what did they reveal?

The first iteration of the exercise also sparked discussions about the relationship
between writing and consciousness. Some students noted parallels between the Al-
augmented writing process and the surrealist tradition of automatic writing, in which
spontaneous, unfiltered expression was used as a means of accessing the subconscious.
The exercise felt like some sort of textual Rorschach test, they said. The comparison
led to a broader conversation about the role of writing as a cognitive technology—how it
structures thought and, in this case, facilitates a unique kind of attunement to language’s
generative potential. Could writing express what was not yet known?

Second lteration: On the Bias course

The exercise was repeated in 2023 in the On the Bias course, now called Material and
Cultural Bias in Algorithmic System. The course was taught that fall by professor Ros-
ner and brought together undergraduate and graduate students from Human Centered
Design and Engineering (HCDE) and students from the department of Digital Arts and
Experimental Media (DXARTS). The exercise’s setup remained the same: students wrote
for ten minutes, and their texts were extended using Inferkit, which was running on early
versions of GPT-3 at that time. Despite the consistency in process, the second iteration
introduced subtle shifts in student engagement and interpretation. First, by 2023 Al-
generated text had become more familiar to students, thanks to the release of ChatGPT
by OpenAl in late November 2022, making the very notion of such tools much familiar and
accessible. Contrarily to previous iterations of the exercise, many students had already
encountered LLMs tools in other contexts, such as school or casual experimentation. This
increased exposure led to a slightly different reception of the generated outputs in terms
of attitudes: the students were not as reluctant or puzzled, but ultimately, their reactions
to the output was the same: the model exaggerated elements of their voice and muted
others, and it led them to go back to their seed text to find which elements were theirs
and which were algorithmically generated.

Between these two iterations, a shared thread begins to emerge: the weaving (or
remixing) of human voices with algorithmically generated ones and the kind of distur-
bance of the self that this creates. In a sense, this is not very dissimilar to Clifton’s
practice of automatic writing, which also creates a kind of disturbance of the self—an
opening—through which other voices can be heard and move her body to express them-
selves. It is also comparative to Virginia Woolf’s stream of consciousness voices in both
Melymbrosia and The Voyage Out. What else is first-person fiction if not an embodiment
of other voices?
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Third Iteration: Data & Society Workshop

The third group iteration of the Automated Writing Exercise was in 2023. This iteration
took place in the context of a workshop at the Data & Society research institute centered
around the theme of “digital doppelgangers” [35]. Founded in 2014 by danah boyd, Data
& Society conducts interdisciplinary research that examines how data-driven systems and
AT impact different aspects of society, including labor, privacy, governance, equity, and
public discourse. Here, the exercise was incorporated into a broader workshop designed to
explore self-representation through algorithmic tools. For this workshop, we (Daniela and
I) framed automated writing through the lens of self-making, essentially viewing LLMs
as technologies of the self [419] and asking participants to use machine learning as a means
of producing self-portraits.

Many participants found the exercise highly generative, even insightful-—especially the
automatic writing part. Some were surprised by how the model exaggerated or amplified
particular elements of their voice, making their writing sound more intense or dramatic.
One participant, an Assistant Professor, remarked after seeing her output: “It thinks
I'm writing a dissertation.” Her original text had been a freeform reflection on a large
research project she was struggling to finish, and the model extended it in a way that
reinforced her sense of struggle, while reinforcing the academic context. This tendency
of the model to push the more free-form writing into established rhetorical frames was a
topic of discussion among participants.

The first phase of the Automated Writing Exercise proved to be one of the most
generative aspects of this project. While going through the automatic writing part of the
exercise, one participant coined a term that they ended up using later in their presentation
at the research event. This generativity of the automatic writing, however, was brought
into a certain tension with the kind of more puzzling or opaque transformations of the

LLM.

Fourth Iteration: Design Methods Course

The last group iteration of the Automated Writing Exercise took place in 2024 during a
design seminar at the University of Washington, led by Daniela Rosner. By that point,
rapid advances in Al technology had changed the landscape once again: Inferkit was no
longer available, and students were familiar with LLMs. Unlike earlier iterations, where
students engaged with a relatively niche web-based tool, i.e. Inferkit, this time they used
popular chat-based interfaces such as ChatGPT and Microsoft’s Copilot. The fact that
these tools were now more accessible and familiar altered the dynamic of the exercise in
one important way.

The biggest change was how the model suddenly produced highly polished prose.
GPT-4, the engine behind ChatGPT at the time, generated text that was so grammat-
ically perfect and “proper” that it erred on the side of insipidity and meaninglessness.
The quirks and hesitations of the initial text were smoothed out, making the text feel
impersonal. This “improvement” of the general-purpose model introduced a new tension
into the exercise. Whereas earlier models like GPT-2 had brought their own aesthetic
leanings into the writing process, GPT-4’s responses tended provide a gripless aesthetic,
making the text feel generic and unrecognizable to the participants. This change led to
a discussion about the tension between writing as productive and writing as exploration,
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especially in an academic context: did we write to produce (papers, grants, intellectual
contributions, etc.) or did we write to explore ideas and, in this case, unknown thoughts
and inner climates?

Machinic Extensions of Process: Reflections

Writing is an externalization of thoughts, and there is the misconception that therefore
the process for writing is simply to write down what it is that we think. But anyone who
has ever written more than a few sentences knows that the process is less straightfor-
ward. As words find their shape of the page, so does the shape of our thinking change.
Although writing gives the impression of fixity, the process is always undulatory, moving
between thoughts, hand, and page in a call-and-response that is as physically demanding
as dancing. It is tempting, therefore, to offload some of the cognitive and physical strain
of writing, of figuring out the best shape of our thoughts, to algorithmic generation. But
when the goal of the exercise is to find no particular shape—or rather, to let the shape be
defined by the flow of the hand on the keyboard, or on paper—the role of LLM becomes
something other entirely: by continuing the shape of the initial writing, which is in itself
of an exploratory nature, the language model enables the externalization of a thought-in-
process, or rather, of thinking (the process) rather than a thought (a temporary but fixed
expression of thinking). In this sense, the Automated Writing Exercise can be viewed as
the textual form of Chinese-Canadian artist Sougwen Chen’s Drawing Operations series
[26], in which her drawing movements are captured by a camera, analyzed through com-
puter vision software, and relayed to a robotic arm that mimics her drawing style (see
Figure 5.6).

Figure 5.6. Artist Sougwen Chen Drawing Opera-
tions piece (2017), in which a robotic
arm mimics the artist’ gesture analyzed
through computer vision software. Im-
age from the artist’s website.

The “illegibility” of the automatic writing process is in fact not so much illegible
than in-progress. Clifton’s automatic writing process was in this sense a ways of making
contact, of establishing a path towards the other or something other. When asked about
why she wrote, Lucille Clifton said: “[Perhaps| for me it is a way of remembering I am
not alone. And the writing may be sending tentacles out to see if there is a response to
that” [31]. Writing is relational, and so is legibility. Legibility is not so much an attribute
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of artifacts than the expression of a certain relation between reader and artifact (whether
textual, spiritual, or machinic). In this sense, perhaps what is true of spirit-infused
writing is also true of machine-assisted writing: both are not so much about the text
than about the experience. Both practices are about sustaining a conversation between
mind and page, between selves, perhaps between intelligences. Is it that conversation
which shape what can be thought.

5.5 Writing with Code(s)

I situate the Automated Writing Exercise explored in this chapter within the broader
lineage of computational poetics, a tradition that treats text generation as an aesthetic,
material, and technical practice. Computational poetics is about the material transfor-
mation of language using manual and/or algorithmic techniques, as well randomness.
This attention to the materiality of textual forms in digital environments make compu-
tational poetics not just a practice but a “strategy of interpretation capable of reaching
past surface content to reveal platforms and infrastructures that stage the construction
of meaning” [152] From early experiments in constrained writing to contemporary neural
networks, computational poetics provides historical and aesthetic framework for under-
standing how machines and language are entangled.

Procedural approaches to writing have been around for a long time. In the 13th
century, the Jewish mystic Abraham Abulafia developed a system of letter permutation
based on the Sefer Yetsirah, believing that structured linguistic manipulation could reveal
divine insights [109]. In the late 17th century, German philosopher Gottfried Wilhelm
Leibniz would be inspired by another 13th century mystic with a penchant for combina-
tory linguistic practices, a Majorcan philosopher named Ramon Llull who developed a
system of logical and linguistic combination that is considered one of the earliest exam-
ples of algorithmic thinking applied to language [leibniz__2019]. Llull’s work introduced
a mechanical method for reasoning, using concentric wheels inscribed with letters repre-
senting divine attributes and philosophical concepts. These wheels could be rotated to
create different logical combinations (see 5.7).

BC|CDIDEEF [FGIcH
D |CE|DF[EGFHIG L
BE\CF IDGEH[F1 G
BF|CGIDHE1
BCICHIDIEK
BHC1IDK]

B1|CK
BK

Figure 5.7. Ramon Llull’'s Ars Magna, Fig. 1-4.
Public domain.

In the 20th century, several combinatory and procedural approaches to the manipula-
tion of language were developed and formalized by the French artistic movement OuLiPo.
The OuLiPo, an acronym for Quuvroir de littérature potentielle, or “Opener of Potential
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Literature”, was formed in 1960s France, and its members approached writing as a com-
binatorial, rule-based system [124]. Figures like Raymond Queneau and Georges Perec
experimented with formal constraints, crafting texts that emerged out of the limitations
imposed on them.

LEREVERS 10 PAGES

Figure 5.8. Raymond Queneau’s Cent mille mil-
liards de poémes (1961), a work of com-
binatory poetry. Ten sonnets, with each
line printed on its own strip of paper
which the reader can turn at will, cre-
ate the “one hundred billions poems.”

In the digital era, early experiments in computer-generated poetry built upon these
ideas. Pioneers such as Alison Knowles, who co-created A House of Dust (1967) [79], and
Christopher Strachey’s Markov-chain-generated love letters (1950s) [147] demonstrated
how computation could be used to generate poetic forms of expression. Later, digital
poets like Nick Montfort, John Cayley, and more recently Allison Parrish further ex-
panded the field, leveraging rule-based systems and machine learning to interrogate the
materiality of text and and the role of algorithms in poetry composition.

Contemporary computational poetics practices make of machine learning, artificial
intelligence, and large language models (LLMs). For instance, Parrish’s 2019 project
Pincelate is a machine learning model for spelling and sounding out English words [118].
But in the few years between Parrish released this project into the world and the writing
of this dissertation, machine learning has changed considerably. The increasing use of
LLMs for text generation introduces new questions about the aesthetics and politics of
machine-generated writing.

The Automated Writing Exercise extends these traditions by layering different forms
of (letting go of) control. By relying on the generativity of automatic writing, and then
of algorithmic text generation, the exercise sits somewhere at the intersection of the
Surrealist movement’s interest in subconscious expression, and the OuLiPo’s focus on
rules and procedural techniques. Unlike the OuLiPo movement, which embraced formal
constraints as a generative force, treating writing as a combinatorial, rule-based system,
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The House of Dust (1967)
based on a work by Alison Knowles & James Tenney
code by Nick Montfort, also in Python 2/

from Memory Slam 2.0: Batch-Era Text Generators
A house of straw
In a hot climate
Using all available lighting
Inhabited by little boys

>

house of roots
In dense woods
Using all available lighting
Inhabited by lovers

>

house of mud
In a hot climate
Using electricity
Inhabited by people who eat a great deal

>

house of steel
In a metropolis
Using all available lighting
Inhabited by people who love to read

>

house of mud
In an overpopulated area
Using electricity
Inhabited by very tall people

>

house of paper
In a green, mossy terrain
Using all available lighting
Inhabited by people who love to read

Figure 5.9. Alison Knowles’ A House of Dust re-
imagined by Nick Montfort. Full piece
here.

surrealism sought to bypass rational control entirely, using automatic writing as a means
of channeling unconscious thought. Where OuLiPo foregrounded material constraints,
surrealist automatism was about surrender, allowing language to surface without con-
scious interference. André Breton, a leading figure of the movement, wrote that just as
contemporary physics sought to re-establish itself on non-Euclidian bases, the creation
of surrealist objects was an answer to the necessity of establishing a “physics of poetry”
on non-rationalistic foundations [40]. The project of bypassing the rational mind that
had dominated Western intellectual and cultural life since the Enlightenment was also a
response to the growing fragmentation of post-industrial modern life and its increasing
mechanization.

If contemporary machine-generated text tends toward predictability and standardiza-
tion—towards “good” and fast, that is, productive writing— then the Automated Writing
Exercise can serve as a counter-practice, actively subverting these tendencies, and it does
so by foregrounding the materiality of machine writing. In the transition from human
hands to neural networks, a redistribution of authorship occurs, across an assemblage of
textual constraints, algorithmic logics, and cultural values embedded in machine learning
models. Much like the experimental poets before them, participants of the Automated
Writing Exercise were invited to consider writing and text-generation as both expanded
and contested by the affordances of computation: expanded because it artificially sustains
the writing process and contested because it also profoundly altered the thought process
at play in the original text.

In the interplay between automatic writing and automated writing, we encounter a
shift in the locus of embodiment, from the writer bypassing conscious control through
speed to let the “body speak,” to yet another surrender of the body this time to a dis-
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tributed computational infrastructure taking over the material act of inscription (LLMs).
Writing is, first and foremost, an embodied practice. Writing can happen without the
mind being fully “there,” hovering over every word. This phenomenon is amplified with
automatic writing, and later with LLMs, where human bodies have a more distant involve-
ment with the generation of text. If automatic writing gestures toward a kind of spiritual
surrender, an openness to other voices and forces, then writing with LLMs situates this
practice within a broader technological assemblage in which cognition, authorship, and
even embodiment are radically distributed.

5.6 The Voyage In: Extending the Automated Writing
Exercise

In lieu of a final comment, I present The Voyage In, an experiment in computational po-
etics that is both an extension of the Automated Writing Exercise (using the Al-extended
automatic writing text from my self-guided iteration) and a material interpretation of the
revising and editing process of Woolf’s The Voyage Out (1915). The Voyage In remixes
the text through a series of bodily and digital techniques and tools for textual produc-
tion and manipulations: automatic writing, algorithmic text generation, vector software,
a pen plotter, and layout. The piece is called The Voyage In both in reference to the
stream-of-consciousness passages that would become characteristic of Woolf’s writing,
and because the process of engaging materially with the stream-of-consciousness writ-
ing is a form of technological détour that makes the “external” considerations of textual
production—how a text is written, typeset, printed, bounded, etc.—the inner substance
of the piece. Moreover, the text used in The Voyage In are the fragments produced
during the self-guided iteration of the Automated Writing Exercise discussed in section
5.3, which are algorithmically generated extrapolations of the stream-of-consciousness
passages characteristic of the Woolf’s The Voyage Out.

The Voyage Out was Woolf’s first novel. The narrative explores the limits of ex-
pression, following the protagonist Rachel Vinrace as she embarks on both a literal and
metaphysical journey to South America. As E.L. Bishop remarks, The Voyage Out an-
ticipates the author later experiments with language, guiding the reader to an intuitive
apprehension of reality rather than relying a more traditional descriptive prose [17]. The
narration attains “the concentration and suggestiveness of poetry” [17] and Woolf, even
in this early work, probes the failures of language, both its capacity to evoke and to
confuse, and to reveal what exists just beyond its reach.

Indeed, The Voyage Out is a “readable” version of a much more chaotic and audacious,
perhaps “unreadable” manuscript, Melymbrosia, the first version of the novel. The initial
manuscript underwent many revisions and alterations; it was “re-formatted, re-framed,
and re-cast in a more conventional mould” [84]. According to Lantham, “the drifting,
spontaneous fiction of Melymbrosia, which follows the chaotic and meandering train of
thought of the character, may have been judged too challenging for the reading public at
the beginning of the 20th century. This could be the reason why in re-writing her novel,
the author aimed at a more realistic, metonymic representation of reality, thus regressing
from a more adventurous, new, and original way of writing. The Voyage Out offers the
reader a safer and more readable version ... .” [84].

78




5.6. The Voyage In: Extending the Chapter 5. Writing with
Automated Writing Exercise Transformers

The idea of readability here concerns not just the thematic content of the novel but
the very shape of the language, which is altered through both symbolic and material ma-
nipulation. The Automatic Writing Exercise is also, ultimately, an exercise in questioning
readability, and how it is always negotiated through technical and social processes. As
such, this extension of the Automated Writing Exercise through The Voyage In is an at-
tempt at giving this exercise a textual “body,” a form that is manipulable and therefore,
perhaps, more readable.

Figure 5.10. Excerpt from the The Voyage In,
an experiment in overlaying different
types of writing technologies and tech-
niques from automatic writing and Al-
text generation to pen plotting and
book binding.

The making of The Voyage In began with the outputs from the self-directed iteration
of my automated writing experiment discussed in section 5.3. These texts, produced
using different large language models, at varying temperature settings, and with different
system prompts, already exhibited a multiplicity of voices, stylistic registers, themes, and
even text formatting strategies. These texts are extended in that rather than treating each
model output as continuation as a finalized product, I approached them as fragments,
further material for the collage-like process of writing with transformers. From here, I
used the open-source vector design software Inkscape [165] to typeset the text, transform
the text into machine paths, and send the paths to an iDraw A1 pen plotter [159]. Given
that I was working with an existing booklet, the only way to get the pages to lay flat was
to unbind the booklet and lay down the pages onto the plotter bed.

Once the layout was finalized, the text was converted into vector paths for plotting.
Unlike digital printing, pen plotting is a more handmade approach to the mechanical
reproduction of text. It introduces imperfections: variations in ink flow (pens dry out),
shifts in line weight (surfaces are uneven), subtle misalignments that make each inscription
unique.
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In this way, the plotted text places the Al-generated outputs of the Automated Writ-
ing Exercise into a chain of material and algorithmic manipulation that emphasize its
existence as something made and inscribed through specific tools and processes—its sit-
uatedness. The final phase of The Voyage In was its re-assembly into a physical booklet,
using staples.

The Voyage In is an exploration in computational poetics that does not attempt to
resolve the tensions between different forms of textual inscription. Between the slippages
of the automatic writing, the inaccuracies (stylistic or otherwise) of Al-generated text, the
material errors of plotting, and the reshuffling of layout and book binding, it is a surprise
that The Voyage In is legible at all. And yet, it definitely says something. Perhaps it
says that generative and artificial writing is never simply a matter of productivity but in-
stead an hermeneutic activity, one in which text is constantly being reconfigured through
interaction with different material constraints and subjectivities (readers). Woolf’s novel
is concerned with the limits of language, with the ways words fail to fully capture experi-
ence, leaving the reader in a state of partial apprehension rather than full understanding.
We intuit what is going on, what the novel is about, without ever being given a complete
description. This is where the expressivity of the text comes from: from the gap between
words and interpretation.

The Voyage In extends this concern of readability into the realm of digital textu-
ality, questioning how meaning is shaped by the technologies that mediate it. Text,
whether human- or machine-generated, is always shaped by the conditions of its produc-
tion, whether those be neural network architectures, machine paths, or ink in the fibers
of paper. If Woolf’s The Voyage Out is an attempt to move “toward the far side of lan-
guage” [17], The Voyage In is an attempt to test how far language can be stretched across
computational and physical substrates, and across automated and manual processes.

Reflection

In his annotated bibliography of Ezxperimental Studies on the Legibility of Print, Miles
A. Tinker writes: “Legibility of print is concerned with perceiving letters words and
with the reading of continuous textual material. ... [Legibility |of print deals with the
coordination of the factors inherent in letters and other symbols, words, and connected
textual material which affect ease, accuracy, and speed of read” [154]. Legibility is indeed
intimately tied to the material and technical conditions that make text possible. The
Automated Writing Exercise is an exploration of legibility as both a social and technical
process. When presented with the output of their automatic writing text, the participants
of the Automated Writing Exercise found a generative form of looser discourse which, if
less polished and “harder” to read, was nonetheless substantial. The automatic texts
were then processed through as LLM, which either distorted, amplified, or polished the
text of the participants. In many ways, the shift from GPT-2 productive illegibility to
GPT-4’s highly readable text showed that what is readable is not always what is most
polished or technically mediated.

Through this exercise and the analysis, I distinguish between three modes of legi-
bility in writing with transformers: material legibility, which determine how technical
constraints (in this case, speed, the continuous movement of the hand, but also text and
data formatting, notebooks, printing techniques) shape what can be read, and written;
algorithmic legibility, which considers how algorithms manipulation inserts processes that
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always invite further investigation, and; interpretive legibility, that is how signification
emerges out of the gaps and failures of various technical and material manipulations
(through techniques such as automatic writing, machine translation, and writing with
transformers, among others.
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CHAPTER O

Hermeneutic Engineering

“If we want the revolution, it is certainly to
give bread to all... . But we also expect
something else from the revolution.

[To ensure] to all these joys now reserved
to the smallest minority ... the highest
joys accessible to human beings: science,
and especially scientific discovery; art, and
especially artistic creation ... . It is to
ensure the possibility of developing one’s
intellectual capacities that the revolution
must guarantee to all their daily bread.”

—Pierre Kropotkine, excerpt from La con-
quéte du pain, 1892 (my translation) [82].

6.1 Introduction

At the core of this dissertation is an inquiry into participation. More specifically, it is
an inquiry in how participation in the landscape of technology building and development
happens not just at the level of making, but at the level of interpreting, which I con-
ceptualize as a form of re-making. Ensuring the possibility to engage meaningfully and
creatively with the world is perhaps the most important political project. to realize this
change there is a need to reconsider how participation is construed. To increase access to
tools and resources for material participation is important, as are the epistemic practices
employed daily to both make things and make sense of the world.

My own take to the question of participation is an inquiry into how people might en-
gage with computational systems. The lesson from history I wish to bring forward comes
from print culture, which shows that the development of print as a convivial technology,
after Tllich’s definition [68], required both technical innovation and the development of
certain social practices. David Noble warned that the idea of technology had lost its
“essential concreteness” and therefore “all reference to particulars of place and purpose,
tactics and terrain”:

“Technological determinism—the domination of the present by the past—and
technological progress—the domination of the present by the future—have
combined in our minds to annihilate the technological present.” [111, p. 10]
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For Noble, technological determinism and progress tend to naturalize technology, spin-
ning a teleological tale of technical growth that obscures the manipulations and many
hands that are currently making, and operating, technology. The option proposed by No-
ble is to take charge of the means of production, or risk being “unarmed” in the current
struggle for power. My project instead frames systems as cultural sites of interpretative
engagement, which require not so much a “domination” of the technological present than
an attention to it, to interrogate and remake what seems fixed or inevitable.

6.2 Participation through Interpretation

Several narratives arise when discussing participation in technology. There is a push
toward STEM education as a route to technical literacy [5] and the proliferation of maker
spaces and fabrication tools [47]. There are also critical inquiries into the values and
narratives that undergird these paths to technological innovation and participation [6, 90].
One angle I wish to explore here is participation through material interpretation, which
is a form of interpretative engagement substantiated and formalized through objects and
materials. The historical example of commonplace books I will now turn to shows how
participation in a given technological and cultural landscape can happen not necessarily
by seizing the means of production, or by increasing technical education, but by allowing
appropriation through idiosyncratic and intensely personal forms of engagement, which I
argue are interpretative processes at their core.

In Tools for Conviviality, Ivan Illich has a lot to say about tools that are not convivial,
and few examples arise of what convivial tools actually look like. He does name a few
however, and memorable among them are the alphabet and the printing press (memorable
for how Illich clearly articulates through them the aims of conviviality):

“The book is the result of two major inventions that enormously extended the
balance of learning: the alphabet and the printing press. Both techniques are
almost ideally convivial. Almost anybody can learn to use them, and for his
own purpose. They use cheap materials. People can take them or leave them
as they wish. They are not easily controlled by third parties. The alphabet
and the printing press have in principle deprofessionalized the recorded word.
With the alphabet the merchant broke the monopoly of the priest over hi-
eroglyphs. With cheap paper and pencil, and later with the typewriter and
modern copying devices, a set of new techniques had in principle opened the
era of nonprofessional, truly convivial, communication by record.” [68, p.79]

It is interesting to consider the kind of world this excerpt might depict if we replaced
“recorded word” with “software.” While code is also “almost ideally convivial” (anybody
can learn to use it for its own purpose; it is not easily controlled by third parties), it would
be an understatement to say that it is not systematically put in service of conviviality.
Many digital services and systems are in fact more often accused of de-socializing: social
media isolate the youth [76] and worsen mental illness [108], algorithms trap users in
echo chambers that erode public discourse [144], and automated decision-making systems
often reify systemic injustices [112].

84



Chapter 6. Hermeneutic

6.2. Participation through Interpretation Engineering

What Illich’s analysis overlooks is that the alphabet and the printing press were not
convivial “right out of the box” but instead became so through a long series of techno-
logical innovations and the development of social practices to integrate their norms into
culture. The democratization of print wasn’t just about cheaper printing technologies
but about the slow refinement of technologies that are today mostly invisible (unless you
are trained, i.e. “professionalized,” to see them), such as layout and typography [87, 88].
Besides these technical developments, the development of the book as a convivial tech-
nology was equally driven by social practices of interpretation and material engagement.
One of them is the commonplace book technique, which refers to the process of compiling,
rearranging, and annotating textual fragments into a personal archive. The fragments of
commonplacing could be sayings and maxims, excerpts from books or sermons, recipes,
measuring tables, song lyrics, as well as musings, observations, thoughts, and ideas.

Wt e, any /}6( tnll /}4.;,«.,,,‘, | | I ?‘
i [oad ezt~ i hnd alr B L

1] |

e ernsinicnes Tl

,/ Mt Lnig H n

*/’“ f”‘/"r 4 ﬁz

1,,[//74,

/&17 7‘7» L, 2l Brpre Mn

,M.?/m/« Wy peeder

L # Yz wue ol e

f 'zzpuz@ J il e

r

|

k. 5
! ‘

/r-..# A,

Aolicl |
/4/0127:;7 /e"//z{ nuu(;/’/l/ n/
it e ulcfoe g.\
A Jup 7 A @!m/’

T /‘/.2{ bl 71/

ﬂJJ'
\, vmall  sprce, i ). T F velf /g

75
¢/L /4.,

l

S ’.
?. (] Aenes | l
‘ ndo . /6o T: zinth {14
! ‘ Fs \& ("“ 1 \
! T W‘_ £ x |
i G l ‘
| By, ; ‘ ’
1 l/‘\‘w Cfr R =~ % ‘
i £=¢ ol
X Pt ) ~ s =4.
(4 proxandd ks) ks =of
s = 4.

Figure 6.1. Pages from Charles Dodgson’s (Lewis
Carroll) commonplace book.  Credits:
Harry Ransom Center

Commonplacing was a widespread practice in 19th century England, but remains an
outlier in literary categorization precisely because of their heterogeneity and the interpre-
tative labor they embody [21, 117, 107]. The interest of commonplacing to this discussion
is how it increased readers’ domain of action by blurring the distinction between reading
and writing; in the words of French historian Roger Chartier, “[with the commonplace
technique| the readers are creating the meaning of the text, which is not necessarily
the meaning intended by the author. So it’s a form of freedom—of appropriation, of
invention” [23]. T would argue here that commplacing was a form, first and foremost,
of material interpretation, one which enabled the “consumers” of the information tech-
nologies of 19th century England (today we might say “users”) to become participants
in the technological and cultural landscape of their day. Through commonplacing, they
effectively became writers—mnot professional ones, but casual ones— not so much writers
of commonplaces than commonplace writers.
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Reflecting on this historical parallel prompts us to ask: what might contemporary
forms of commonplacing look like in the realm of digital technology? How might we
foster practices that similarly encourage creative intervention, interpretative openness,
and active remaking? Again, commonplace writers were not professional writers, but
were nonetheless participating in the cultural and technological landscape of their day.
The cue I want to take from the example of commonplacing here (which is by no mean
an “ideal practice” but an interesting example of what kinds of social practices evolved
in the context of print culture), is rather than framing technological participation as only
mastering tools or acquiring coding skills, we might imagine new kinds of technological
engagements—convivial in Illich’s sense—that empower users as interpreters, critics, and
creative agents who materially reshape technology according to their own experiences,
desires, and needs.

Thus, the orientation my project takes is to inquire into yet another facet of partic-
ipation, both beyond and next to broader access or better education. It also requires
cultivating interpretative, creative, and materially engaged forms of participation. This
dissertation calls for precisely such a shift, envisioning frameworks of technological en-
gagement that are historically grounded, interpretative, and materially expressive.

Towards a Definition of Hermeneutic Engineering

Here I will attempt a first definition of hermeneutic engineering. Rather than positing
hermeneutics and engineering as distinct epistemic traditions, I suggest that the term
“hermeneutic engineering” underscores a fundamental interconnection: interpretation is
materially enacted, and material making is inherently interpretative. The distinction be-
tween these two registers, when examined more closely, appears largely artificial; indeed,
each continuously informs and sustains the other, as in the example of commonplacing,
but also of the projects discussed thus far.

This argument aligns with contemporary theories of participation, particularly those
highlighting the role of objects and materiality in the enactment of public life (the “mate-
rial turn” in the social sciences) [85, 62, 162]. Material participation, according to Noortje
Marres, emerges precisely in everyday interactions with objects and technologies, and re-
veal political and interpretative dimensions that conventional, discursive understandings
of participation tend to overlook [99]. My proposal of hermeneutic engineering thus res-
onates strongly with Marres” call for recognizing material practices as significant—and
even privileged—sites of participation. However, while Marres focuses on everyday prac-
tices such as domestic routines and energy usage, my approach extends to more explicit
interventions that are materially instantiated with and through digital phenomena, such
as programming environments, creative engagements with data, and interactions with
large language models (LLMs). Moreover, and moving further from Marres, 1 frame
material participation first and foremost as a form of interpretation, in which dimen-
sions of digital encounters are singled out, investigated (however lightly), and, eventually,
repurposed or reconfigured according to one’s own needs and interests.

Hermeneutic engineering therefore involves two interconnected registers. The first,
interpretation, involves active engagements—selecting, questioning, and negotiating the
affordances and possibilities of technological systems. The second, the engineering dimen-
sion, involves materially instantiating interpretative acts—writing or annotating code,
fabricating artifacts, developing expansive types of encounters, etc. Engineering here,
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does not refer to the discipline but to the verb, meaning design and build or skillfully
or artfully arrange for something to occur. To engineer is to “bring about,” not just
through making but also through reconfiguring things—by skillfully arranging them so
that they yield new situations, new possibilities, and ultimately new meanings. This is
also, incidentally, a definition of interpretation. I therefore understand engineering here
as a domain of action and this action can be making, but it can also be remaking.

When I talk about technical participation, I don’t only mean building systems, but
refer to all the activities that enable systems to remain actual in the world: extending
them, modifying them, maintaining them, repairing them. This changes certain assump-
tions about participation itself in the technological domain, traditionally understood as
acquiring a certain technical expertise. Instead, I propose to consider technical par-
ticipation as a process of material interpretation, which can take the form of making
tools among many others modalities of material engagement. Articulating the intercon-
nectedness of interpretation and material (re-)invention is not without challenges. The
boundaries of disciplines tend to separate interpretative and engineering practices, associ-
ating interpretation exclusively with the humanities and material making with technical
disciplines. The separation between hermeneutic and engineering disciplines finds its
roots in the inception of Western intellectual history, tracing back to Aristotle’s distinc-
tion between episteme (knowledge of principles or theoretical understanding) and techne
(skilled, practical knowledge or craftsmanship) [119]. Hermeneutics, evolving from inter-
pretative traditions within theology and literature, became aligned with contemplative,
reflective, and immaterial practices, while engineering inherited the practical, instrumen-
tal, and material orientation of techne. This division has tended to obscure the intrinsic
connections between these practices, as Simondon noted [136]. Hermeneutic engineer-
ing positions itself at their intersection—or more accurately, highlights their continuous
overlap. As the projects in this dissertation have shown, when materials are concerned,
interpretative activity is never far away. When interpretation and material making are
recognized as mutually constitutive, especially in the domain of technical systems and
artifacts, questions about participation expand from a tight focus on technical skill ac-
quisition or tool accessibility to include the way technical systems can be encountered.
The emphasis turns to supporting interpretatively engaged and materially experimental
practices—practices inviting people to reshape technological configurations actively and
creatively. From this perspective, participation is not simply about who has access or
who possesses technical knowledge; it is about fostering contexts in which diverse actors
can materially interpret, interrogate, and if they wish, remake technology.

The next section develops this point further, examining concretely how interpretation
operates materially through diverse technological engagements. By doing so, I show how
hermeneutic engineering provides a useful framework for thinking through participatory
technological practices.

6.3 Interpretation as Material Practice

In Lire, interpréter, actualiser, media theorist Yves Citton proposes to rethink interpre-
tation as a cultural and political activity [28]. For Citton, interpretation is a process
that brings a text to life in the here and now by reconfiguring its significance in light of
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contemporary concerns (i.e. the reader’s). The interpreter, in this view, is not a decoder
but a composer, arranging fragments and associations into new and meaningful configu-
rations. This vision of interpretation resists the epistemology of (technical) mastery. It
shifts the focus from authoritative meaning (or authorial intent) to situated engagement.
Citton writes that the value of interpretation lies “not so much in bringing new informa-
tion to the world—a new system, a new fact—as in reconfiguring existing elements in a
way that makes them meaningful, that brings a different perspective, that enlarges pos-
sibilities for understanding and engagement” [28]. In this sense, interpretation becomes
a kind of affordance: This conception of interpretation has many implications to under-
stand participation in a technical context. If interpretation is a form of reconfiguration
then materially interpreting technical systems is about the capacity to recompose their
meanings and effects. Participation becomes a practice of intervening in the symbolic
and material operations of technical systems. Citton’s emphasis on reconfiguration also
helps articulate why interpretation matters politically. The dominant knowledge econ-
omy, he argues, tends to reward novelty, innovation, and information production while
devaluing interpretative labor. Yet it is precisely through interpretation that existing
systems are made legible, flexible, and open to transformation. In other words, interpre-
tation is not secondary to innovation but what makes innovation meaningful (valuable)
in the first place. Without interpretation, novelty remains inert; without reconfiguration,
information cannot generate significance. To illustrate this, Citton turns to the idea of
“repartition”: the redistribution of meaning across social space. Interpretation, in his
framework, is fundamentally an act of re-partitioning: it breaks open settled meanings
and redistributes the sensible [122]. This resonates strongly with the political thought of
Jacques Ranciére, for whom politics is not about consensus but about change—about in-
troducing dissensus into the distribution of what counts as meaningful, visible, or sayable.
In the context of technical systems, this (re)distribution means systematically engaging
with the “authorial” or designerly intent of systems, to question it and possibly take it
apart in order to extend the system to a wider range of interests and concerns. Citton’s
work reframes interpretation as a way of keeping meaning open rather than finding a
definitive signification. Hermeneutic engineering is therefore about sustaining inquiry
(through creative and critical engagement) and materials (through reconfiguration, cus-
tomization, maintenance, repair). As technological systems become more opaque and
automated, cultivating interpretive capacities becomes an essential mode of both techni-
cal engagement and material participation.

Material Interpretation in Imprimer, Data Epics, and Automated Writing
Imprimer: Rewriting the CNC Workflow

Imprimer reframes CNC milling as a reflective and iterative practice, enacted through
the medium of the computational notebook. Traditionally, CNC workflows are governed
by the fairly rigid CAD-CAM-execution pipeline which, while precise and reliable, sev-
ers the feedback loops between design and execution and, ultimately, between expressive
intent and material [158]. Imprimer shifts these pieces around and breaks open the
pipeline. By embedding machine control inside a computational notebook environment
(Observable), it repositions programming, annotation, visualization, and machine exe-
cution within a single interface. Instead of specifying geometry in one tool, generating
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toolpaths in another, and executing them in yet a third, Imprimer allows work within one
medium—the notebook—where these operations unfold side by side. Because Imprimer
allows for rapid iteration—adjusting parameters, visualizing changes, and dispatching
modified commands—the process of CNC milling becomes more conversational. The user
can tweak a variable, re-run a cell, inspect the output, and respond accordingly. Each
edit, each toggle of a code cell is a decision to engage with the complexity of machine
programs and an opportunity to develop material intuition with machine and code.

This interpretative dimension is particularly salient in the way Imprimer toggles be-
tween visibility and abstraction. Users can expose the code underlying a milling operation
or collapse it into a graphical interface. This seamfulness, as discussed in HCI literature
[69], invites direct engagement with machine operations. It is in that sense that Imprimer
enables a conversation between system and user: which parts of the system should be sur-
faced, which concealed, and when (and, possibly, why)? The user gets to shape a received
a design environment in practice. In this way, the notebook is not just an archive of the
design process (although it is that too!) but a a site of reading and writing, of execution
and reflection, As I argue in Chapter 3, Imprimer extends the legacy of analog notebooks
into the domain of machine control. In this sense, Imprimer enacts a hermeneutic ap-
proach to digital fabrication. It does not eliminate complexity, but makes that complexity
legible—readable, writable, and reconfigurable. In doing so, it affirms that interpretation
is a constitutive act that takes place within and through material practice.

Data Epics: Reconfiguring Data Through Narrative

If Imprimer reconfigures the interactional modalities of CNC milling, Data Epics recon-
figures data itself, through narrative. In this project, datasets gathered from domestic
smart devices were transformed into short stories by fiction writers, in collaboration with
the data-producing households. Our goal was to explore data’s interpretative and expres-
sive potential—to expand data imaginaries. What happens when personal data is treated
not as evidence for facts, but as material for fiction?

This project foregrounds interpretation in its most expansive sense. As Johanna
Drucker and others have argued, data is not a neutral record of the world, but is al-
ways already structured by tools of capture, formatting conventions, and representational
techniques [45, 32, 66]. The Data Epics expose the myth of “raw” data by shifting the
interpretive frame: instead of treating data as information to be extracted, the stories
treat data as a material to be shaped. This act of reimagining is an interpretation, both
conceptually (by expanding data worlds and narratives) and materially (by reconfiguring
data representation). To the confusion of many participants in the study, The Data Epics
did not attempt to restore context or recover “what really happened” in the household.
Rather, the stories created in the project proposed alternate contexts and imagined re-
alities that emerge from the the data and their interpretation. The Data Epics are, in
other words, interpretations of data. As such, data did not act as the record of behavior
participants of the project expected, but a prompt for world-building. By crafting fic-
tional worlds from domestic data, the Data Epics open up a space in which data becomes
legible and act as material for more expansive encounters with IoT devices. In doing
so, the stories create a terrain of participation: the home dwellers shifted from being
only producers of data and instead became creative interpreters: from the manipulations
required to access the data, to the strategies to remake it. Participation becomes less
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about control or transparency (reading the privacy clauses on user agreements—“what
of myself can be known?”) and more about interpretative authorship: the right to see
oneself differently in the mirror of the machine (“what selves are we co-creating?”).

Automated Writing: Recursive Interpretation Across Human and Machine

Where Imprimer works through fabrication and Data Epics through narrative fiction, the
Automated Writing Exercise explored interpretation in recursive dialogue with language
models. This exercise, deployed in classroom settings and public workshops between
2022 and 2024, asked participants to engage in two phases of writing: first, a 10-minute
stream-of-consciousness freewrite (or automatic writing), and then a continuation of that
text using a large language model (LLM). The juxtaposition of these two modes—human
automatic writing and machine-automated text generation—created a layered writing
process that unfolded through both material and algorithmic inscriptions.

Automated Writing is, of course, an exercise in both human and machine interpreta-
tion, and what happens when they overlap. In the initial freewrite, the human writer taps
into a different mode of writing where speed and flow prevail over coherence and struc-
ture. Reading the text generated this way is itself a reading of technical processes—in
this case, of the embodied technology (to use Bettina Judd’s term [74]) of automatic writ-
ing. When this text is passed to a language model, a second act of interpretation occurs,
this time machine interpretation. LLMs do not “understand” prompts in any human
sense but responds probabilistically [15]. The model processes the seed text statistically,
predicting what might follow based on patterns in its training data. The output is not
a continuation in the traditional sense but is closer to a productive distortion shaped by
the model’s architecture, temperature settings, and system prompt, among other param-
eters. This distortion, I argue, is not unlike the distortion of the Data Epics, where the
initial material (here, text; for the Data Epics, data) becomes something like a terrain
of inquiry, encouraging a different reading (a re-reading) of both the initial material and
the technical operations that transformed it. What emerges from this is a kind of double
exposure in which more appears in a less defined way: more text, but blurred by both
the embodied technology of automatic writing and the remixing of machine generated
text. It is the work of trying to discern the shapes within the texts that makes reading
them engrossing. It is, in other words, interpretation that makes the Automated Writing
exercise powerful.

The Automated Writing exercise is perhaps the most literal enactment of hermeneutic
engineering, in that it invites the user not to finish the text, but to continue the conversa-
tion. The reconfiguration does not happen so much at the system level (as with Imprimer)
or even at the representation level (as with the Data Epics) but at the interaction level.

Performativity and Interpretation

The three projects presented in this dissertation—Imprimer, Data Epics, and the Au-
tomated Writing Exercise—each demonstrate how interpretation is materially enacted.
In different ways, they illustrate how engagement with technical systems is never purely
functional or representational, but can be improvisational, situated, and world-making.
These forms of material interpretation are also, crucially, forms of participation. They
show that to participate in the technological landscape is not only to use systems, but to
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engage with them interpretatively—extending them, reshaping their operations, effects,
and meanings through material practice. To develop this idea, I now turn to the work
of media theorist Johanna Drucker, whose theory of interpretation as a performative and
probabilistic process, that is as a process where possibilities are enacted in practice, sheds
some light on how meaning emerges from use.

Drucker departs from traditional (what she calls objectivist) accounts of information
and representation. In her essay “Performative Materiality and Interpretive Interface,”
she argues that “no document or interface is ever entirely self-evident or objectively legi-
ble.” Rather, all artifacts, including digital ones, are “performative,” meaning they enact
meaning through their structure, design, and the circumstances of their encounter. Arti-
facts come into being through acts of reading, manipulation, and engagement. Interpre-
tation, in Drucker’s view, is not an operation on a stable object but an event that enacts
the object’s intelligibility in a particular moment, for a particular reader, in a particular
context. Drucker’s perspective is of course informed by her knowledge of the history of
print and her material practice as a book artist [44]. Tt comes as no surprise then that
Drucker challenges the notion of interfaces as transparent windows onto content—the
impact of typography, layout, and paratextual information have on the reception of a
text is an important lesson from the last information revolution we need to carry into the
next.
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Figure 6.2. An excerpt from Drucker’s Entity to
Event: From Literal, Mechanistic Mate-
riality to Probabilistic Materiality [41].
To illustrate her point on the effect of
media over message, Drucker writes a
portion of the article without the usual
letter spacing modern readers are used
to.

Drucker calls instead for an interpretive interface, which would reveal its own framing,
its own materiality—and by extension, invite interpretative engagement. In this sense,
Drucker echoes and extends Citton’s emphasis on reconfiguration. But whereas Citton
focuses on the symbolic and narrative dimensions of interpretation, Drucker emphasizes
the procedural and embodied ones. Interpretation, for Drucker, is a situated performance
in which tools, bodies, and contexts converge to bring a particular meaning into being.
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She writes: “Interpretation does not reside in the output alone, but in the entire event of
use” [41]. The interface, the user, and the system form a temporary alignment—a con-
figuration—that is always provisional and potentially unstable. This performative and
probabilistic account of interpretation is especially relevant in computational contexts.
Traditional models of information assume a one-to-one correspondence between data and
representation, as in data graphs [45]. But Drucker insists that meaning in digital sys-
tems is probabilistic: it emerges through patterns, inferences, and approximations, not
certainties. This model of interpretation is about staging possible worlds, and seeing each
act of reading as an opportunity to do so. This aligns with the project of hermeneutic
engineering by suggesting the value of cultivating interpretative possibilities through and
with tools.

To conclude

What do practices of digital fabrication, data storytelling, and algorithmic composition
make visible about the possibilities of interpretation, and what are the consequences for
the design of computational systems for epistemic practices and imaginative life? 1 hope
the previous sections and chapters have made clear that interpretation is not a quaint
literary exercise but an ontological condition of knowledge itself. From this perspective, it
becomes possible to think computational engagement as the always-contingent staging of
potential meanings and value. The goal here is to foreground how forms of representation
are themselves co-produced through situated practices of reading, making, and re-making.
In this final section I'd like to recast the three projects discussed in this dissertation as
sites of material participation in Marres’s sense, and show how hermeneutic engineering
can be extended, like any tool, for further interventions.

In Chapter 5, I mentioned three forms of legibility: material legibility, algorithmic leg-
ibility, and interpretive legibility, to differentiate between different levels of engagement
when writing with transformers. But these forms of legibility are, in fact, present when
interacting with computational artifacts more generally. For instance, with Imprimer,
algorithmic legibility expressed itself in the form of toggle switches that could reveal the
programs that generated toolpaths and controlled the CNC milling machine; in the Data
Epics, the legibility of the data was constructed through the processes of interpretation
and investigation of the home dwellers and writers. In the Automated Writing Exercise,
the tension between human “illegibility” (the stream of consciousness writing) and ma-
chine readability created new interpretive possibilities, of both the human text and of
algorithmic processes. Participants of the exercise did not probe the model’s architecture
but they reflected on the capabilities and limitations of the tools by prompting it with
illegible text. This subtle shift indicates that maintaining spaces of illegibility is crucial
for open systems; for systems to be interpreted rather than used for “faster” outputs.
The Automated Writing Exercise, just like the Data Epics, and Imprimer, make the case
for maintaining “unreadable” spaces in encounters with computational artifacts—and to
create spaces to interpret them.
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