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Figure 1.Different conceptions of abstraction in contemporary art. ) A digital photograph is saved 600 timeswith compression,
where the final image degrades into an abstract color field. There is a gradual loss of information (by JPEG’s encoding algorithm)
until only structural artifacts remain [41, 42]. ) Discarded piles of ceramics are collected and re-assembled into a series of
sculptures. The sculpture no longer represents or functions as recognizable ceramic objects, but is instead abstracted into an
amorphous form to reflect on healing after the violent disruption of Korea’s cultural heritage [64, 112]. ) A candy pile equals
to the weight of the artist’s partner Ross Laycock, who died of complications from AIDS. Museum visitors were asked to take
away candies from this installation piece, using abstraction to convey loss and physical decline [51, 109].

Abstract
Abstraction in computer science is typically understood as
the process of generalization that removes non-essential de-
tails and captures key shared characteristics across multiple
instances. This is a limited view of abstraction when con-
trasted with fields like art, architecture, media theory, or phi-
losophy, where abstraction has been repeatedly re-examined
and re-imagined, providing space for self-reflection and crit-
ical discourse. To show that abstraction can play a similarly
critical role in computer science, we examine three pairs of
related software artifacts where one part of each pair uses
abstraction in a conventional way, while the other invites
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critical reflection. We demonstrate how different modes of
abstraction express critical ideas about computing, in the
form of software artifacts. Taken together, we argue that
pluralistic approaches to abstraction can make computing a
more self-reflective field aware of the methodological and
sociopolitical issues it faces.
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1 Introduction
In computing, “abstraction” usually means to hide unnec-
essary details, remove irrelevant content, or generalize to a
new level of description. The field has long treated this as
productive, andmany advances in computing have been cred-
ited to new ways of abstracting. In the late 1950s, high-level
programming languages such as Algol and Cobol reduced
the need to deal with machine-specific instruction sets and
hardware configurations [83]. In the 1970s, abstract data
types and object-oriented programming [74] made it possi-
ble to decompose software into components, while hiding
their specific implementations. The common thread is that
hiding the details repeatedly introduced a new vocabulary
to describe computation [27, 80].
We will refer to this mode of abstraction as a type of

symbolic abstraction, in line with prior work in computer
science [40, 52, 82] and the history of computing [11, 83].
Symbolic abstraction is concerned with designing new rep-
resentations: a set of discrete symbols, a formal grammar
that governs how they compose and transform. These new
representations provide an interface for people (program-
mers and users) to operate them without needing to know
what lies beneath. [57]. Symbolic abstraction replaces com-
plex behavior with simpler, general-purpose representations
through an interplay of two moves [80]: decontextualization
[23, 35, 47, 80], omitting non-essential details (e.g. digitiza-
tion, datafication, hiding the implementation of a module or
a user interface) and generalization [63, 80, 86], extracting
similarities across cases into a new structure that subsumes
instances (e.g., subroutines, parameterized functions, inheri-
tance). When we design and teach, we tend to organize these
symbolic abstractions hierarchically, hinting at this structure
through familiar terms like levels (e.g., high-level languages).
Shortcomings of this model of abstraction have been dis-

cussed within computer science. Kell [62] contends that
information-hiding (i.e. abstraction through encapsulation)
produces software that is opaque and closed into “islands
of functionality” that hinder the development of “flexible
and easily-interoperable software.” The “Law of Leaky Ab-
stractions” [101] states that non-trivial abstractions often
expose the underlying implementation they were meant to
hide. Steimann [102] presents examples of software where
abstraction is overly specific, overly general, or delusive
putting the software at risk of failure, while Petricek [87]
argues that the lack of a unified abstraction benefited the
historical development of the notion of a ‘type’. Abstraction
has also come under critique from interaction design, for
enabling a particular kind of power relations [71] on what
information to expose at each level and who gets to decide
it.

Outside computing, in fields like art and architecture, no-
tions of abstraction have been repeatedly questioned and

expanded, at times aligned with, at times against, the sym-
bolic abstraction framework. This essay is an exercise in
re-interpreting abstraction for software artifacts following
the precedent set by art and architecture. It questions the
assumptions embedded in symbolic abstraction.

For example, media studies has examined how abstraction
processes ‘compress.’ Degradation (e.g. material degradation
in analog media, poor images generated by lossy compres-
sion) [47, 103] can be viewed as a form of abstraction as
a viable mode for information compression, which blurs
the distinction between essential and non-essential informa-
tion (Figure 1, ). On the other hand, critical theory has
questioned ways abstraction processes ‘collects’ instances
through the concept of an assemblage [32, 81] (e.g., a collage
assembled with different objects), which creates a forma-
tion without generalizing and substituting its constituents
into a new high-level object (Figure 1, ). Alternatively, lin-
guists and cognitive scientists have examined conceptual
metaphor, entities and structures that ‘map’ from one do-
main to another [49]. Their model explains how conceptual
metaphor maps and grounds between representational sys-
tems, bridging between concrete experiences and abstract
thoughts [49, 50, 69, 70] (Figure 1, ).
Moreover, software itself might be a promising vehicle

through which to critique and question abstraction. We take
inspiration from criticism from within [99] in architecture, a
technique through which post-modern architects playfully
critique and question existing practices. To introduce this ap-
proach, wewill juxtapose three conventional artifacts against
three critical uses of abstraction in art and architecture. Then,
in the main part of this essay, we will similarly juxtapose a
computational artifact that uses abstraction in a conventional
manner (e.g., a diagram from a textbook) against an artifact
that uses abstraction critically (e.g., an artistic exploration).
We hope to prompt reflection on how the prevailing un-

derstanding of abstraction narrows the design and study of
computing artifacts, and how software practice might open
itself to more pluralistic approaches.

2 Symbolic Abstraction in Computing
Separation of structure from content. The notion of soft-
ware1 as we understand it today did not exist in the early
1940s, when programming consisted entirely of physical
tasks: making connections, setting switches, and inputting
values. In her article “On Software, or the Persistence of
Visual Knowledge,” new media theorist Wendy Hui Kyong
Chun [23] describes how computing was isolated from its
physical machine into reusable code during the 1950s:

In order to emerge as a language or a text, soft-
ware and the “languages” on which it relies had

1The term ‘software’ is itself somewhat problematic. As discussed by De
Mol and Bullynck [31], it only appeared in the early 1960s with the rise of
the business computing industry, apparently first in job ads.
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Turing Machine's Tape
Clark (1955)

Figure 2. Examples of dematerialization in computing. ) A notation of a Turing machine by Clark [25] (1955) shown as “tape
divided into squares” (Top) alongside a dematerialized node-and-wire state diagram (Bottom) [83]; redrawn from the original
Clark illustration. ) A part of data description coding form specifying data layout on a physical tape (1960); reproduced from
the system’s original manual [58]. ) A notation of neural nets using symbols for neurons, axons, and synapses by McCulloch
and Pitts [79] (1943), and a dematerialized notation of finite automata by Kleene [68] (1956); redrawn portions of the figures
from the respective sources.

to become iterable.With programming languages,
the product of programming would no longer be
a running machine but rather this thing called
software—something theoretically (if not prac-
tically) iterable, repeatable, reusable, no matter
whowrote it or what machine it was destined for.
Programming languages inscribe the absence of
both the programmer and the machine in its so-
called writing. Programming languages enabled
the separation of instruction from machine, of
imperative from action.

Since then, computing has taken a “linguistic turn” through
symbolic abstraction [11, 84], shifting away from the specifics
of the physical machine [35].
This notion of abstractness became recognized as a cor-

nerstone in academic computer science. Computer scientists
began emphasizing the structure of information over its ma-
terial content [11]. Historian David Nofre points to George
Forsythe’s 1965 talk as emblematic of this shift: “[o]pen up a
computer, find only 0’s and 1’s [. . . ] content is meaningless,
and structure is all-important” [45]. This tendency to abstract
away from material content is also visible in various visual
artifacts (see Figure 2) from the discipline’s formative years,
which progressively lost their direct reference to material
forms and become incorporated into machine-independent,
mathematical notational systems.

Computing has continued to shift towards formal rigor [11,
56, 83, 89] by separating structure from “communicational
matters” [11]. This perspective positions computer code as a
move away from ambiguous, fuzzier, and ‘messier’ symbolic
systems of human communication (i.e., spoken language),
where the meaning of a symbol is loosely determined by
its use in social context [105]. Modern computing practice,
instead, treats “words and other symbols as arbitrary tokens

with no inherent meanings” [11] beyond how they will be
interpreted and executed by the machine 2.

This division between computer code and human commu-
nication, however, appears less stable when examining code
in its social settings where code often holds performative
and communicative meanings [5, 29, 76, 94, 108, 111]. The
familiar “Hello world” program, for instance, is an exam-
ple of a speech act [94], a greeting in English that initiates
interaction among the programmer, the machine, and the
user. The 2009 Climatic Research Unit email controversy
offers another example. Source code for the research unit’s
climate model contained comments (e.g., “fudge factor” or
“APPLY ARTIFICIAL CORRECTION”)3, whichwere interpreted
beyond the programmer’s original intent, transforming into
“a means of public debate” through the way they were re-
ceived and circulated [76]. As these examples demonstrate,
the formal separation of structure from content is incomplete
in practice: code circulates as a social artifact with readings
that exceed its execution. In the pursuit of formal separation,
code inevitably stands in place of things beyond the pro-
grammable actions, until it loses the illusion of control [24]
over the hidden ‘messy surplus’ of material reality. Code
remains a source of things beyond execution, producing
a surplus that symbolic abstraction cannot fully discipline
away.

2Jeffrey M. Binder points out that this separation is again reversed by
LLMs, where tokens are defined by the large context of sequences in which
they appear [11]. LLMs’ performance has renewed debate over the symbol
grounding problem: for example, Bender and Koller [10] argue that a system
trained only on linguistic form, with no signal of speakers’ communicative
intent, cannot in principle acquire the relation between form and meaning,
while Søgaard [100] and others have pushed back.
3These comments were temporary labels that were made while investigating
a discrepancy between multiple data sources.
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Figure 3. Gret Palucca leaping and Kandinsky’s diagram
from Point and Line to Plane [61] –Wassily Kandinsky (1926).

Construction of Level of Abstraction. Parallel to devel-
opments in symbolic abstraction, the mid-20th century saw
various scientific frameworks reorient themselves around
“levelism,” where complex phenomena are modeled by orga-
nizing information into modules nested in layers, or Levels of
Abstraction (LoA) [43, 110]. Although the ontological roots
of levelism trace back to Plotinus in ancient Greece, by the
1970s and 1980s it had become “a standard approach both
in science and philosophy” [43]. Philosopher Jaegwon Kim
described its prominence in physics: The physical world is
modeled as “a layered world, a hierarchically stratified struc-
ture of ‘levels’ or ‘orders’ of entities and their characteristic
properties,” with a fundamental bottom level consisting of
“the most basic physical particles out of which all matter is
composed (electrons, neutrons, quarks, or whatever)” [65].
As levelism rose in prevalence, it invited closer critical

examinations from philosophy of science. First, critiques
questioned whether certain levels have causal power over
other levels (or constrain other levels) in LoA [65, 66, 95]. The
causal asymmetry of LoA implies that all phenomena ulti-
mately trace back to the physical reality (i.e., the lowest level).
Then higher level of abstraction can only have “derivative
causal power,” where independence between each level be-
comes questionable4 [65, 66]. This leads to another point of
contention: How does one level relate to another? LoA often
defines a higher level in terms of its purpose or a functional
description which does not clarify how different levels con-
nect (i.e., what it is for versus how it is implemented), leading
to semantic indeterminacy [72]. Lastly, LoA may conflate a
change in context with a change in unit of analysis [78].

4This characterization from general science does not map cleanly onto
computer science’s accounts, where levels are designed, not discovered, and
their adequacy is judged by how well they capture intended behavior at a
given level of abstraction.
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Figure 4. Linear structure of Little Dream in Red from Point
and Line to Plane [61] – Wassily Kandinsky (1926).

Whether LoAs are built bottom-up or top-down is a more
complex issue in the philosophy of computer science than
in the natural sciences. For example, Floridi [43, 44] argues
that the method of abstraction “underpins top-down con-
struction,” where a computational system is built through
iterative passes, each refining an initial approximation. The
machinery is built by organizing observables into a hierar-
chical LoA, allowing multiple LoAs to be nested or branched
into progressively complex architectures. In practice, Floridi
claims, designers typically begin with high-level descriptions
(specifications, functions, behaviors, etc.) and then descend
through the LoA to implement details [43].
Tanaka-Ishii [105] provides a complementary account

from semiotics: Unlike other organically structured commu-
nicative systems, programming languages are artificially
constructed (i.e., “generated from a minimal core of signs”
where all relations among signs are designed “by necessity”
[105]) bottom-up to ensure a program runs under formal
requirements. Tanaka-Ishii highlights one such requirement,
“halting,” that forces construction to be bottom-up: because
designers must guarantee that programs will eventually ter-
minate, it makes sense to first establish this property for the
smallest unit of language and then build upward, ensuring
the guarantee is preserved at each step [105]. In practice,
the LoAs in computing likely proceed via a continuous back-
and-forth between top-level functional specifications and
bottom-level executional guarantees.

Levelism has also been critiqued as an insufficient model
of abstraction for computing. Ganascia [48] contends that
there are different meanings of abstraction in computing and
“the partial order induced by the relationship of abstraction
is not universal” in the field. Colburn and Shute point out
that abstraction in computer science centers around model-
ing of interaction patterns, built on “pluralistic and multilay-
ered” [26] formalisms unlike those in other scientific fields.



Towards Critical Abstraction for Software Onward! ’26, October 4–9, 2026, Oakland, CA, USA

Im
ag
e:
Ild

ef
on

s
C
er
dà

(1
85
9)

/P
ub

lic
D
om

ai
n

Figure 5. Plan for Barcelona [22] – Ildefons Cerdà (1859).

This pluralism in our field invites closer scrutiny in practice,
where specific conceptions of abstraction settle into defaults
that shape how software is built and used.

3 Abstraction in Art and Architecture
To help us imagine a more pluralistic conception of abstrac-
tion in software, we will take a look at three pairs of artworks
and designs from art and architecture. Modern and post-
modern art and architecture have repeatedly questioned and
re-conceptualized abstraction, using it as an instrument to
question and refuse established practices. We will juxtapose
three pairs of cases from art and architecture, each present-
ing two perspectives that diverge on abstraction – one that
adheres to established field norms, and another that critiques
those conventions by creating a new artifact.

Abstracting form in art. The abstract art movement in the
early 20th centurywas a forking point for two interpretations
of abstraction: (i) abstraction as removing concreteness from
a representation, and (ii) abstraction as an encoding, a system-
atic conversion of an image into a composition of symbols
and cultural codes. For example, in Point and Line to Plane
(1926) [61] Wassily Kandinsky analyzed how the geomet-
ric point and line operate as universal primitive forms that
translate across different expressive mediums (e.g., speech,
sculpture, music, and dance) (Figure 3). Going further, he
proposed to isolate the primitives from representations as
building blocks for compositions under organizational “laws,”
aiming to create resonance with viewers (Figure 4) [61]. This
structural approach to abstraction, free from figurative ref-
erences, marked a shift in visual art from realistic fidelity to
“systematic production” [36] based on visual codes. Through
it, early abstract painters pursued graphic languages that
operated “beyond the simple binary distinction of represen-
tational and abstract” [34].

This distinction shows that the process of abstraction can
be interpreted in one way, as omitting features or removing

Figure 6. No-Stop City [17] – Archizoom (1967) recreated5.

“concreteness” from the observed subject, and also in another
way as extracting and encoding a set of visual elements (shape,
color, etc.) to synthesize a new form. This shift foreshadows
the various reinterpretations of abstraction in the following
century, which Section §5 explores.

Grid in urban planning. In architecture, abstraction has
been discussed as a formal tool to systematize space, form,
and flow, serving the functional needs of the inhabitants
since the early 20th century. In this sense, both architec-
tural works and software converge in their prioritization of
functional concerns.
Figures 5 and 6 show two examples of urban city plans

based off a grid structure6. Cerdà’s 1859 city plan for Barcelona
[22] proposed a continuous grid of city blocks and was
mainly motivated by egalitarian principles, public health,
and infrastructural reasons. Cerdà used scientific and sta-
tistical methods to design multiple aspects of the plan: the
height of the buildings was chosen so that sunlight would
reach the ground in the winter, schools and other ameni-
ties were distributed in a way that made them accessible on
foot, the width of the streets allowed for the future inclu-
sion of trams, while the truncated edges were justified by air
movement and traffic considerations.

In contrast, Archizoom’s No-Stop City [17] takes the ratio-
nalist ideology of architectural modernism to its most absurd
limits. Using a typewriter to generate repetitive, bureaucratic
plans, it imagines the city as a possibly infinite homogeneous
space. The city is no longer defined by its buildings and ar-
chitectural forms, but becomes shaped by flows of people,

5The image is a screenshot of a procedural system made in p5.js by the
first author that computationally reconstructs the concept of No-Stop City
drawings [17].
6The conventional modernist view of a grid as a rational structure has been
challenged by Aureli [6], who points out the political significance of the
grid. Historically, the grid structure emerged as a way of subdividing land
into measurable plots, allowing private ownership, state land management,
and deskilling through mechanization.
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Figure 7. Casa del Fascio [107] – Giuseppe Terragni (1936).

information and services. Thanks to advanced technologies,
there is no need for centralization. Although No-Stop City is
presented as an urban plan, it is better seen as an ironic and
critical statement that exposes the mannerisms and myths
of modernism. By taking the underlying abstraction to an
extreme, it reveals the contradictions between the egalitarian
principles of abstraction and the resulting dehumanization.

Formal structures in architecture. Abstraction in archi-
tecture can be used to serve rationalist goals, or, alternatively,
can be used to prompt critical reflection. Casa del Fascio’s ra-
tionalist architecture [107] (Figure 7) epitomizes the orderly
ideals of the Fascist regime it was designed to serve. It is a
perfect half-cube (its height, being a half the length of its
base) and its facade, formed by 20 rectangles, reflects its in-
ternal reinforced concrete grid structure. The central empty
atrium provides space for public gathering and is surrounded
by private administrative spaces, creating a power dialectic
between being watched and watching. Peter Eisenman is
directly influenced by Terragni’s project. In his doctoral dis-
sertation, The Formal Basis of Modern Architecture [39, 53],
Eisenman analyzes the formal structure of architecture and
uses Casa del Fascio as one example. Acknowledging the
half-cube structure, he interprets the building in terms of
volumes and planes. According to Eisenman’s formal read-
ing, the plane of the front facade is distorted by the entrance
(three rectangles in the middle) and a corresponding distor-
tion on the upper floor, resulting in a symmetric H shape.

Eisenman’s own later work, including House X (Figure 8)
[37, 38], adopts a language that is seemingly similar to mod-
ernist architecture, but rather than starting from function,
his designs are the result of formal geometric considerations.
In particular, House X starts with four L-shaped blocks, ques-
tioning the familiar cubic form as the starting point for a
house. The use of the L shape disrupts the legibility of the
house, “gives false clues about its reading” [38] and explores
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Figure 8. A model of House X [37] – Peter Eisenman (1975).

the limits of rationality. Later, Eisenman constructed an ax-
onometric physical model for House X, a skewed 3D con-
struct that collapses to his conceptual 2D drawing when
viewed from a certain angle. This was to emphasize “model
as idea,” [9] where physical model serves as a primary site of
critical thinking rather than a conventional miniature replica
of a proposed building.

Critique through artifacts. The three examples from art
and architecture suggest how abstraction as a lens can ques-
tion established practices and ways of thinking. In all these
cases, the critique or questioning was carried out in the form
or language of art and architecture practice itself. So an art-
work itself demonstrates an abstraction outside the concerns
of fidelity and realistic representation; an architectural plan
stands as an idea against how abstraction is expected to prior-
itize and be utilized in the field. We refer to these artworks or
plans as critical artifacts, where a critical stance is proposed
and propagated through an artifact [91].

Despite the fact that both our examples from architecture
are unbuilt or unbuildable plans, this does not necessarily
mean critical artifacts should be only performative and non-
functional [91]. Many post-modern buildings are functional
(i.e., buildable and inhabitable) while posing a critical stance.
As one example, the “inside-out” building of Centre Pompi-
dou exposes the infrastructure on the exterior of the building,
revealing technical details that are usually hidden [30].

4 Critical Software Artifacts
Can the critical methods and attitude we have encountered
in art and architecture be applied to software as well? We
can imagine critical software artifacts in the form of im-
plemented software systems, as well as diagrams, plans, or
code that does not need to run. We want to encourage more
computer scientists and programmers at all levels to engage
in critical discourse through creating critical software arti-
facts. As a start, we will reinterpret existing projects with
this new priority of deconstructing the conventional design
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Figure 9. Scratch [75] is a structured programming environ-
ment where the user can program actors by putting together
predefined code blocks.

choices around abstraction and representation in software.
Specifically, we will describe three case studies which com-
pare a conventional use of abstraction against a critical one.
One case study involves a programming interface, while the
other two focus on explanations of computation. For each
of the new abstractions, we will contextualize it in existing
discourse in art and media theory.

Block-based programming playgrounds. Scratch (Fig-
ure 9) and Reduct (Figure 10) are both block-based program-
ming systems for learning programming. Scratch [75] is an
open-ended playground for computing, while Reduct [4] is
a puzzle-based video game designed with a “comprehension-
first approach” to teach a curated set of core programming
concepts (e.g. Booleans, conditionals, mapping functions
over sets). Reduct uses the same visual metaphor of blocks as
Scratch to represent code, but it radically branches out from
how Scratch has conceptualized programming for learners.

Scratch is a comprehensive pedagogical tool for program-
ming. Learners create reusable instruction-structures by ma-
nipulating and joining instruction code fragments (repre-
sented as manipulable blocks). Each code fragment has a
dedicated visual style, which utilizes the ‘matching shapes’
metaphor of puzzle pieces or LEGO blocks. Learners can de-
duce syntactic compatibility of code blocks visually instead
of memorizing syntax rules. Scratch, likemany programming
environments, frames programming as an activity of build-
ing persistent syntax-structures that can be easily reused
and executed.
In contrast, Reduct focuses on a particular aspect of pro-

gramming: executing code, and it does so by transforming
blocks within the rules set by the programming language’s
operational semantics. In Reduct, each code block does not
represent a reusable piece of code (like in Scratch), but in-
stead it is a snapshot of program state that is expected to be
evaluated and resolved into another state. Through Reduct, a

Figure 10. Reduct [4] is a programming puzzle game with a
linear progression curriculum, where each stage corresponds
to a pedagogical concept about the execution of JavaScript.
The inset shows a step-by-step example of a user combing
blocks to evaluate them.

learner can become intimately familiar with the operational
semantics of the machine since they are actively directing
the computation.
This, by design, omits the usual aspiration for program-

ming to be a building site for instruction-structures with
‘wide wall’ and ‘high ceiling.’ Instead, a user of Reduct evalu-
ates program state under a given set of rules and transforms
it until they reach a goal. Through this process, the earlier
program states are evaluated and irretrievably lost.
As such, Reduct suggests degradation as a mode of ab-

straction for representing computational processes under
the hood. Degradation is a lossy form of abstraction where a
material wears away over time. Degradation reflects how the
material was constructed (physically or artificially) and how
it is situated in an environment. In media theory, Alexan-
der Galloway and Jason LaRivière [47] explore abstraction
as a particular process and contrasts it with degradation to
critique the digital world’s fixation on lossless data trans-
fer and representation. Where digital media with “lossless”
compression succeeds by becoming invisible, lossy represen-
tations make the structure of their medium legible. Artist
Hito Steyerl describes how images circulating online accu-
mulate noise and artifacts (“poor image”, see Figure 1, )
and how this degradation surfaces the ‘physics’ and inten-
tions underlying the data infrastructure — an algorithm that
prioritizes “velocity, intensity, and spread” [103]. Galloway
and LaRivière further reclaim data loss, erasure, and decay
as a mode to “refuse” surveillance and to being reduced for
extraction [47].

Deep Neural Network (DNN) explanations. Figure 11
and Figure 12 illustrate a data acquisition pipeline for col-
lecting images for a large image dataset (LAION-5b [97]).
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Figure 11. A diagram explaining the architecture of
OpenAI’s CLIP: Connecting text and images [85] model.

Both communicate CLIP (Contrastive Language-Image Pre-
training) [92], which is used to filter the dataset. However,
they have clearly contrasting goals: the model diagram is
from a communication channel [85] to introduce and pro-
mote a new commercial product, and the visual story [19] is
from a multidisciplinary research team focused on a critical
study of machine learning.
The model architecture in Figure 11 does not display the

concrete images being operated on and instead emphasizes
the mathematical construction of the model using symbolic
notations (e.g., matrices, etc.). It aggregates and generalizes
raw web-scraped data into clean components of a functional
diagram, foregrounding the effect of the process over indi-
vidual data or actual techniques involved in the machine
learning process. We see this sanitation via abstraction ex-
tend to the design of modern GenAI user interfaces where
the noisy quality of internet-scraped data is papered over by
an unassuming chat-bot user interface.

In contrast, in Models All The Way Down [19], as a reader
scrolls through the sections of the article, a few dozen sam-
ples from the five billion images are dynamically re-sampled,
re-arranged, and re-rendered. Instead of merging the data
across various qualities and origins, each raw image is shown
individually. As a result, the noise, removed context, and vast
scale of the machine learning dataset become more salient.

Models All TheWay Down recruits assemblage as a primary
mode of abstraction. An assemblage is a collection of het-
erogeneous entities whose meaning is defined by relations
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Figure 12. Models All The Way Down [19] is an interactive
visual story explaining the construction of a large image
dataset (LAION-5B) by Christo Buschek and Jer Thorp from
Knowing Machines project. As a reader scrolls down the
webpage, the narrative unfolds along the visualizations of
sample data from the dataset.

among the constituent entities (see Figure 1, ) and is al-
ways free to recombine again and change its nature. The term
assemblage was coined by Deleuze and Guattari [32] and has
generated useful interpretations of abstraction. For example,
Nail [81] invokes assemblages as “the rejection of unity in
favor of multiplicity, and the rejection of essence in favor of
events.” By having “no eternally necessary defining feature,”
[81] i.e., essence, that unites constituent entities, an assem-
blage resists aggregation. In addition to these implications
for data visualization and Explainable AI, assemblage could
offer us better ways to understand “types” [87], by framing
them as dynamic, composable configurations, rather than
fixed, monolithic categories.

Network protocols. Figure 13 and Figure 14 illustrate net-
work protocols. The timing diagram in Figure 13 decontextu-
alizes temporal features of network activities and idealizes
them into a linear sequence of communications. Here, ab-
straction is used to prioritize temporal legibility, making the
sequential nature of interactions immediately recognizable
through clear phase demarcation and duration indicators.
However, this temporal focus excludes aspects of agential in-
teraction that cannot be captured through sequential models,
such as simultaneity, overlap, and contextual richness.
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Figure 13. A timing diagram from High Performance Browser
Networking textbook [54] on TLS handshake protocol.

In contrast, Handshake Erotica (Figure 14) anthropomor-
phizes protocol interactions between a client and a server
as an intimate interaction between two people. Handshake
Erotica is provocative and open to interpretation, valuing
imaginative engagement over technical fidelity or clarity. It
selects a culturally rich metaphor — sexuality — to reframe
network security from the perspective of intimacy and trust-
building.
We suggest that Handshake Erotica uses metaphor as its

mode of abstraction, a conceptual method frequently used
in art (also see Figure 1, ). Shifting a familiar metaphor to
an unfamiliar one lets us reimagine decontextualized pro-
gramming concepts and operations as rooted in the human
world. The lambda calculus, for instance, is not merely a for-
malism, but can be grounded in a human approach (e.g., how
we tend to reason with container schemas or directionality)
to mathematical problems [88]. In cognitive sciences, Gen-
tner [49] define conceptual metaphors as entities that map
from one structural domain to another, making metaphorical
transformation and analogical reasoning possible. Embod-
ied cognitivists, (i.e., those who believe that all experiences
are grounded in sensory input) also often use metaphorical
mappings as the vehicle through which abstract reasoning
is possible. For example, to experience affection (abstract) in
terms of warmth or thermic experience (concrete), like in
“send her a warm hello” [69].

Summary. We looked at three modes of abstraction that
diverge from the conventional understanding of symbolic
abstraction. Degrade challenges how symbolic abstraction
strives for functionally lossless compression through priori-
tizing and extracting a certain feature or structure. So it asks
what we mean by the permanence, fidelity, and integrity
of our representation. Assemblage challenges the assump-
tion that instances can be unified through a new structure.
Where symbolic abstraction generalizes over a collection,
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Figure 14. Handshake Erotica [67] created by Nahee Kim
for SecureScuttleButt (SSB) gathering depicting the Secret
Handshake cryptographic protocol for SSB.

assemblage asks when it is actually necessary to clump in-
stances together and classify or parameterize them. Or, how
the individual qualities of those instances remain visible and
recognizable to end-users once they have been absorbed into
a collection. Metaphor challenges the assumption that map-
ping needs to be explicitly defined. In symbolic abstraction,
valid moves are fixed by the syntax and semantics of the
abstraction itself. Metaphor instead asks how underspeci-
fied, accidental, intuitive mappings across semantic domains
might be possible within software artifacts.
The artifacts in our case studies are discussed as critical

software artifacts, some following the tradition of marginal
art forms [20, 60] like “theater sets, street decorations, ty-
pography, photomontage, and clothing design – arts exempt
from the structural and functional constraints of building,”
[60] which continued to challenge, parody, and subvert. For
critical software artifacts these forms include diagrams, vi-
sual stories, games, speculative designs, instructions, mock
ups, languages, and various forms of systems art. This vision
of critical software is not entirely novel. It is a continuation
and extension of the previous works including art forms
such as esoteric programming languages [106], performative
social network [29], community-built tools [93], transitional
systems [1], and rhetorical software [33].

5 Grounds for Critical Abstraction
The artifacts juxtaposed in the previous section show that
abstraction in computing reflects and enacts a specific set
of premises. Every mode of abstraction occupies a particu-
lar perspective that decides how something is represented,
circulated, arranged, and transformed through the compu-
tational system we have constructed. The politics of com-
puting artifacts have a sustained history across science and
technology studies (STS), media theory, and infrastructure
and platform studies. Human-computer interaction scholars
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have approached politics of mediation and computing from
many angles: from how agency is negotiated [35, 104] to
power relations embedded in technological interventions
[7, 59] to generative design methods to critique these exist-
ing structures and values [2, 90, 98]. Two recent pieces, one
from creativity support tools [71] and one from program-
ming languages (PL) [56] help situate abstraction within
power structures in computing and pose a set of generative
questions.

Artifacts from the Culture of Domination. Hermans
and Schlesinger [56] begins with a personal account of “not
feeling at home” in the community — a feeling of otherness.
By applying feminist theories [21, 28], they scrutinize the cul-
tural norms of academic PL and connect them to exclusion:
formal and quantitative approaches are prioritized, while the
qualitative, humanistic, and design methods have been cul-
turally and systematically excluded. In other words, there is
a tendency to “classify, measure, map, and, ideally, dominate,
and control” [18], which is explicitly reflected in the call-
for-papers evaluation guidelines’ emphasis on quantitative
thinking and formal proofs.
Programming languages are a type of abstraction that,

in part, have created exclusion in the field. Their focus on
formalism not only marginalizes groups of people, but also
limits and excludes what counts as programming and comput-
ing. Less abstract activities, like spreadsheet use, or weaving
[3, 55], are traditionally excluded from programming since
they are not perceived as “hard science” [56]. The choice of
abstraction thus structures the power relations in the field,
and in turn, forms a value system that excludes ways of
knowing. This suggests a few questions: What new direc-
tions might CS research include once the assumptions of
symbolic abstraction are loosened? And, how do our crite-
ria of evaluation change to remain porous to the pluralistic
epistemic perspectives such work would invite?

Normative Ground. Li et al. [71] describe how power rela-
tions are formed in creativity support tools between users
and designers by evoking the notion of a normative ground.
A normative ground defines abstractions that shape the
‘ground’ a user acts on. This is constructed by a network of
material and cultural participants (e.g., “mental models, doc-
umentation, online communities, licensing models, intended
usage cases, cultural norms, ...”) surrounding an artifact, orig-
inating from a designer’s prenotion of “how someone should
or could think, act, and express themselves.” [71].
By interviewing artists and tool designers, they demon-

strate how a normative ground sets two distinct types of
power (“power-to” as in how a user can achieve through a tool
versus “power-over” as in how a tool shapes user thoughts
and actions [96]). Specifically, they argue that: (1) increasing
the level of abstraction simultaneously increases capabilities
while narrowing the bandwidth of power-to and (2) users

are empowered when switching between different imple-
mentations of abstraction (i.e., switching out of a normative
ground). They thus offer a practical call-to-action by encour-
aging tools to enable movement of abstraction “up and down
the abstraction ladder” [71] and jumping across different
“ladders”. While practical, this emphasis on the metaphor of
vertical movement may again overlook directions beyond
standard CS notions of abstraction, as well as the opportunity
for broader participant involvement in new interpretations.
This poses a further set of questions: What artifacts form the
normative ground in computing and how do their modes of
abstraction stabilize or destabilize it? What critical artifacts
might unsettle that ground, created by and for whom?

Generative Ambiguity of Abstraction in Art. Art can,
again, provide a precedent for answering questions regard-
ing the pluralization of abstraction posed earlier. First, the
ambiguity of the term ‘abstraction’ has been supported as
a generative condition in art inside and outside institutions.
In 1936, Alfred H. Barr Jr., a highly influential American
art historian and the first director of the Museum of Mod-
ern Art (MoMA), wrote “ambiguity of the word abstract as
applied to works of art is useful” [8] as a guide for critical
understanding. The subsequent framing of abstract paint-
ing as “pure-abstract”[8] rejecting representational art (as
discussed in §3) was possible because the term was allowed
to remain unsettled. This new definition for abstract soon
became unstable as the generation following the abstract
painting of the 1950s began questioning the “purity” of vi-
sual form. For example, Cy Twombly’s painting emphasized
gesture and mark-making over pure form and, more broadly,
visual artists such as Cindy Sherman challenge the notion
of pure form through performing abject images (“formless
body”) to attack “structured,” ideal body images [15]. More-
over, reflections on art institutions as perspective-producing
systems have made way for critiques of the systems and their
mechanisms7 [46].

Artists across global scenes have engagedwith interwoven
questions concerning what makes art abstract: its forms, con-
cepts, subject matter, or organizational logic. One curatorial
framework, presented by curator Maria Lind [73], distin-
guishes three strands of abstraction since the late 1950s: for-
mal abstraction withdraws from representing physical world
and moves toward creating new forms with aesthetic and
structural visual codes (Figure 4); economic abstraction treats
the abstraction of concrete relations into economic operations
(capital, finance, and communication) as its artistic subject
[16] (Figure 15); social abstraction is performative and orga-
nizational, enacting a strategic withdrawal from dominant

7An example of an institutional critique is Andrea Fraser’s Museum High-
lights: A Gallery Talk (1989) is a satire performance where Fraser plays an
archetype museum docent next to an ordinary to comment on the power
relation between the museum and the viewers.
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Figure 15. In Tega Brain and Sam Lavigne’s NY Apartment
(2020), online New York City apartment rental postings are
scraped and assembled into one fictional mega-structure[16].
This is an example of economic abstraction revealing the
tropes of how rental properties are represented andmarketed
on web.

institutional structures [13] toward self-organized or collec-
tively autonomous forms of practice (Figure 16). These works
continue to question the conceptions of abstraction that have
become normative in art and unsettle that ground through
provocation. We can see how abstraction in art remains un-
stable and open to ongoing reinterpretation through a new
set of questions when any single conception of abstraction
begins to settle.

Questions toward Critical Software Artifact. How do
we reinterpret a fundamental concept like abstraction? This
is especially difficult when the current norms around ab-
straction constrain not only what we do but foreclose what
we can imagine doing otherwise [77]. On top of that, soft-
ware has become extensive media that spans interface to
infrastructure, constructed with arrangements of diverse hu-
man and nonhuman actors situated in different technical,
economic, social, cultural, and political contexts. It would
be unproductive (and even harmful) to propose a unifying
framework of abstraction for computing or software.
Yet we can pose questions for orienting toward criticism

from within [99]: a critique of abstraction, embedded in the
software itself and extended through in vivo systemic in-
tervention. One way critical software practice can begin is
by examining the assumption behind the normative notion
of abstraction. In our analysis of software artifacts (§4), we
surfaced how a specific mode of abstraction rests on three
assumptions: that functionally essential features or struc-
ture can be compressed without loss, that instances can be
collected under a unifying structure, and that representa-
tions are transformed following formally defined syntax and
semantics.

If we connect these assumptions to how symbolic abstrac-
tion operates, we can surface generative questions towards
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Figure 16. Zach Blas’ Facial Weaponization suites (2012-
2014) [13] feature masks created from aggregating biometric
facial data of a demographic of people. This is an example of
social abstraction suggesting a strategy for historically over-
surveilled populations to withdraw from facial recognition
technology [12, 14].

designing critical software artifacts. Compression operates
extractively by deciding what counts as essential across con-
texts. Which aspects does abstraction then extract, model,
and structure as reusable across contexts? What does this
extractive work enable, with what risks? Collection operates
simulatively by producing a new entity that stands in for
the individual qualities it absorbs. What aspects of comput-
ing then become amplified as a result of this abstraction?
What does the abstraction fabricate or simulate about com-
putation?Mapping operates prescriptively by deciding which
transformations are legitimate. How does the abstraction
then reify normative rules and constraints? How does it
draw boundaries in other communicative systems, such as
spoken language or drawings?

We would like to leave with these questions as a starting
point for imagining how abstractions may drastically vary
and give way to possible meanings of abstraction, while
remaining closely engaged with everyday practices in the
field.
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