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arn<l Soennfic Processes

This paper presents the results of a factorial survey research on perceptions of
artistic and scientific creativity in humans and AI. A general reluctance at at-
tributing creativity to artificial systems is well-documented in the literature on
the theme. Aim of this survey is to test whether this reluctance is equally strong
when participants evaluate scenarios where human and artificial agents are
involved in processes of scientific discovery and scenarios where they are en-
gaged in artistic creation processes. The starting hypothesis of the study is that
participants should be less hesitant at attributing creativity to artificial agents
when the latter engage in scientific discovery processes. Findings, however, dis-
confirm this assumption, showing that participants attribute significantly less
creativity to artificial actors than to human ones, and even more so when they
are involved in scientific processes.
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1. See, for example,
https://app.wombo.art
and https://www.playform.io

2. For example, Dalton,
Stahl, AlphaFold, BACON,
metaDENDRAL, and others,
see (Sparkes et al. 2010).

3. This observation was made
also by several participants
in the free responses,

see section 2.3.

1. Introduction

State-of-the-art Machine Learning (ML) systems are expanding their reach to-
ward a field that, by many, is considered to be a paradigm of humanity: cre-
ativity. From composing music in the style of Bach, to creating paintings sold
for hundreds of thousands of English pounds at renowned auction houses, to
having their say in the fashion industry (Byers 2020), algorithmic programs are
raising excitement and awe in the public but also a great deal of critiques and
indignation (Hertzmann 2018, 2020; Jones 2019). The question of whether ar-
tificial systems can also be creative has been rapidly gaining attention since
the 1990s, when Margaret Boden shared her work on computational creativity
(Boden 1998). In the last decades, many programmes were designed with the
aim to build systems that exhibit creativity in visual arts (Colton 2012), music
(Eigenfeldt and Pasquier 2011, Moruzzi 2020), and poetry (Gatti et al. 2012).
Easily accessible web platforms allow users to create their own art through gen-
erative algorithms, without the need for them to learn technical terminology or
programming languages.*

Cutting-edge developments in ML do not involve only the artistic but also
the scientific sector. Indeed, in recent decades, relevant research has been
conducted with the goal of developing Artificial Intelligence (AI) systems that
can assist humans in scientific research and discovery.” Debates on the creative
skills that might be displayed by artificial agents range from the academic to the
industrial sector, and almost everyone agrees with the claim that creativity can
be observed both in arts and in the sciences (Gaut 2010). The disanalogies arise
when considering that, while artistic creativity often has an open goal, scientific
creativity is more goal-oriented (Dutton 2001; Leddy 1990),° and while for the
first it is more usual to talk about ‘creation’, for scientific creativity we normally
talk about ‘discovery’.

The question of whether it is possible for automated systems to make sci-
entific discoveries goes back to the debate about induction and how it is possible
to identify a logic of discovery when chance and insight play a relevant role in
scientific discovery processes (Alai 2004; Hempel 1985; Hume 2000; D. F. Nor-
ton and M. J. Norton 2007; Popper 1998). A framework for creativity in science,
developed in the philosophical and psychological literature (Darden 1997; Fey-
erabend 1987; Getzels and Csikszentmihalyi 1967; Miller 2012; Sawyer 2011;
Simonton 2003), is a necessary starting point for discussions that concern ma-
chine discovery programs and to what extent they can facilitate scientific re-
search (Colton and Steel 1999).

This paper aims at contributing to address this need by presenting the results
of a study on perceptions of artistic and scientific creativity in human and artificial
actors. A general reluctance at attributing creativity to artificial agents is well-doc-
umented in the literature on the theme (Colton 2008; Lamb, Brown, Clarke 2018).
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The contribution that this paper aims to bring to the debate is to offer an additional
quantitative and qualitative analysis of this phenomenon and to test whether the
attribution of creativity to artificial systems that engage in processes of scientific
discovery would meet the same amount of resistance to the one registered by pre-
vious studies on the evaluation of ‘artistic’ creativity displayed by artificial systems
(Hristov 2020; Moruzzi 2020; Natale & Henrickson 2022).

The study presented in this paper addresses some of the limitations that
past surveys on perceptions of artificial creativity by the author had, making a
clear distinction between ‘creativity’ and ‘art’, notions that originated confusion
in previous studies (Moruzzi 2020). In so doing, this study explicitly refers only
to the process of creation of an artefact, excluding the evaluation of the features
of the outcome from the dimensions addressed in the survey. This decision was
made in agreement with the claim that the consideration of the process through
which an agent creates can have a stronger influence on the overall creativity
evaluation than the mere perception of the outcome (Colton 2008). In addition,
the focus on the process is motivated by the observation that, while the evalua-
tion of creativity based on the outcome undoubtedly has the advantage of being
more easily measurable and identifiable, it is also more often subject to implicit
assumptions and biases on the linearity of creativity (Glaveanu & Beghetto 2021).

2. Survey on Creativity in Science and the Arts
2.1. Aims

Results obtained from a survey conducted by Moruzzi (2020), aimed at investi-
gating the public perception in respect to the possibility for Al to be ‘creative’, re-
vealed a generalised discontent and, almost, and aggressive fear in respect to the
application of artificial intelligence systems in the creative sector. The uneasiness
displayed by participants to the study emerged from the belief that automated
systems do not, and could not, possess the empathy and charisma that are neces-
sary for performing creative processes. When considering what is that AI lacks to
be creative, a vast array of elements was listed by participants: feelings, emotions,
personal narrative, intentionality, memories, intuition, autonomy, emotional need,
unpredictability, emotional understanding, social identity, passion, experience,
imagination, consciousness, desire to make art, charisma, among others. Rather
than being motivated by a lack of technical capabilities, this opposition toward the
attribution of creativity to artificial systems was grounded on a resolutive belief
that AI cannot, and should not, be creative since it lacks the necessary personality,
feelings, and emotions that are a requisite of creative agents.

The emphasis on aspects of sensibility, individuality, taste-expression,
and emotions in creative processes is part of the legacy of the Romantic view
of creativity (Feyerabend 1987; Hills & Bird 2018). In the literature about
scientific discovery, instead, there is arguably less emphasis on creativity as
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4. Additional aim of the
survey is to study the mutual
influences between the
attribution of agential and
creative skills to human and
artificial actors. For the sake
of the present discussion,
however, I will focus here
only on the dialogue between
artistic and scientific creativity,
leaving further considerations
to later analyses.

expression of emotional participation and personality and more on creativi-
ty as goal-orientedness and problem-solving (Sawyer 2011; Simonton 2003).
The standing point from which the survey presented in this paper — a follow-up
of the previous study by the author - starts is not completely neutral. Indeed,
starting from the consideration of the features that participants to the study
in (Moruzzi 2020) identified as prerequisites of creativity, and based on the
mentioned different characterisation of artistic and scientific creativity in the
literature, the starting hypothesis of the survey is that the attribution of cre-
ativity to artificial systems could meet less resistance when the latter engage
in scientific discoveries than when engaging in artistic processes. Indeed,
the personality, feelings, and emotions that artificial systems were deemed
as lacking in the previous study are, arguably, not pre-eminent requisites of
scientific creativity.”

2.2 Methodology
2.2.1 Procedure

The survey was conducted in the form of an online questionnaire with 53 ques-
tions in total. Respondents were recruited online through academic newsletters
in philosophy, art, and computer science. The final sample of the study consist-
ed of 161 participants. At the start of the questionnaire, participants completed
an online consent form and a demographic questionnaire that included questions
about age, level of education, and current occupation. No question about the gen-
der and ethnical background of the participants was asked. The mean age of par-
ticipants is 39.1 years. As predictable from the platforms in which the survey has
been advertised, most of the participants have a university-level education (157
out of 161). In particular: 126 participants have a humanities, 22 an artistic, 15 a
scientific, and 11 a technology educational background (selection was not mutu-
ally exclusive). The current occupation of the participants is distributed as follows:
Student 44, Academic 66, Engineer 3, Teacher 10, Admin 7, Retired 6, Other 25.

Participants were then asked questions regarding their intuitions about
creativity and agency (results in section 2.3). The core section of the question-
naire consisted in a factorial survey experiment which will be described in detail
in what follows. After successfully completing the questionnaire, participants
were asked for their E-Mail address to participate in a raffle for one of three
50,00€ vouchers to use on an E-commerce platform chosen among the ones
within a given list.

2.2.2 Factorial Survey

The central section of the survey included two vignettes designed according to the
factorial survey method (Auspurg and Hinz 2014). The latter is a multidimensional
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Table 1. Distribution of
dimensions in vignettes.

approach that presents survey respondents with vignettes which describe hypo-
thetical situations with various attributes (dimensions). Respondents are then asked
to form judgments about them. The values (or levels) of the dimensions of the vi-
gnette are experimentally varied so that the impact of these levels on participants’
judgments can be tested.

The relevant dimension for the discussion carried out in this paper, is the
‘Actor’ dimension, namely the identity attribute of the individual/s performing the
action. The values used in the survey for this dimension are:

(i) Human

(i) AI

(iii) Human + Human
(iv) Human + AI

Systematic differences in creativity ratings for human or artificial actors given
by participants are analysed to illustrate the influence that the ‘Actor’ dimen-
sion has on the evaluation of creativity. Other dimensions included in the sur-
vey design, which will not be addressed in this paper, are Agency, Embodiment,
and Explainability.

Eight vignettes resulted from the random combination of all the dimensions
and values involved (Table 1). Vignettes 1-4 are about individuals (human or AI),
while 5-8 are about multiple actors (human+human or human+AI). A random se-
lection was then programmed into the survey to determine which vignettes to
present at the beginning of the survey to each participant.

Vig. Identity Agency Embodiment | Explainability
Human | AI | Human+Human | Human+AI | Yes No Yes No Yes No
1 X X X X
2 X X X X
3 X X X X
4 X X X X
5 X X X X
6 X X X X
7 X X X X
8 X X X X

Participants were asked to read and evaluate two hypothetical scenarios: A.
Painting a picture, B. Developing a vaccine. They had to read through the de-
scribed scenarios carefully and provide their impression of the displayed levels
of agency and creativity by the actors in these scenarios.

Scenario A (Painting) described an actor/multiple actors in the process of
painting a canvas. According to the level of the different dimensions, the actor/s

15



5.1 acknowledge that the
choice of using painting as

the representative of ‘Art’

is controversial, as it can be
seen as a reduction of the
richness of other art forms.
This decision was made on
the basis that the survey was
designed with a non-specialist
audience in mind, for which the
association between painting-
and art would arguably result
more immediate. In addition,
the space for the scenario
description was limited

and less traditional artistic
processes would have taken
longer to contextualise and
explain. I thank an anonymous
reviewer for bringing this
observation to my attention.

6. Text of the survey available
at: https://www.dropbox.
com/s/3gfppuael2jn8aj/
Survey Agency_Creativity.
pdf?dl=0

are described in the process of painting the picture by “randomly picking some
colors and tools” (Not displaying Agency) or by “observing the picture and decid-
ing to stop painting” (Displaying Agency). If the level of the dimension Embodiment
is positive, the Al is referred to as a robot, if not as a software. Lastly, if the process
undertaken is explainable, the vignette closed with the “record of the process of
painting the canvas [...] published in an open-access journal”, if not the vignette
reported that “no record of the creation of this painting is available because a full
report of the processes that led to the result could not be produced”.®

Scenario B (Vaccine) described an actor/multiple actors in the process of
making experiments to find a vaccine against the SARS-CoV-2 virus. If the ac-
tor/s displayed agency, they were presented as “generating hypotheses” and
carrying out experiments accordingly, if not as trying “all combinations of the
available background knowledge and models to generate hypotheses” and
“selecting the most statistically relevant answers”. The dimensions of Embodi-
ment and Explainability were treated similarly to Scenario A.°

2.3 Results
2.3.1 Creativity Dimensions

Prior to engaging with the factorial survey experiments, participants were asked
to answer questions aimed at testing their intuitions regarding the two key con-
cepts of agency and creativity. Here will be reported only the results concerning
the notion of creativity.

To the question: “Which of these concepts do you associate with the no-
tion of ‘creativity’?”, participants were asked to choose among the following
features all the ones that applied: Novelty (128), Problem-solving (87), Surpris-
ingness (66), Value (52), Instinctiveness (50), Serendipity (22), Unexplainability
(20), Genius (33), Pleasantness (4). Novelty, problem-solving, and surprisingness
are features of creativity that are attributed to creativity not exclusively in the
artistic field, but also in other domains (Miller 2012; Sawyer 2011; Simonton
2003). A detail that should be noted is that, while the attribute ‘Pleasantness’
was selected just by 4 participants, in the free response field of the factorial
survey section, many participants referred to the relevance of the final product
for the evaluation of creativity. Here are some examples:

x I really don’t think I can answer any of the below questions (strongly
agree vs. strongly disagree) without having actually seen the painting.
[participant n. 2028249815]

x  Unable to decide without knowing the content of the painting.
Not every painting is equally creative. I would need to see the painting.

[participant n. 1246012058]

16



Fig. 1. Creativity distribution in
the vignettes.

x  The level of creativity will partially depend on the finished product.
[participant n. 1557038500]

x  I'd need to see the result to tell how creative it is. [participant n.
1737371147]

The low score achieved by ‘Pleasantness’ here, thus, should not be confused
with participants identifying the process rather than the product as the site of
expression of creativity.

No specific methodology for the evaluation of creativity is adopted in this
study. Namely, in the factorial survey participants were not asked to provide a
rating of the creativity exhibited by the human and artificial actors with reference
to determinate features, such as imagination, skill, novelty, value, etc. (Colton
2008; Jordanous 2012; Moruzzi 2021). Being asked to indicate the concepts
that they usually associate to ‘creativity’ in the initial phase of the questionnaire,
participants are rather primed to reflect on their own intuitions about the topic
and to follow these intuitions when assessing creativity in the scenarios present-
ed in the vignettes. This was done with the intent of avoiding constraining the
assessment of creativity made by participants to a pre-existing model.

2.3.2 Evaluation of Creativity

After reading each of the two vignettes, participants were asked how they rated
the process of creation of a painting (in scenario A) and the process of discovery
of the vaccine (in scenario B) for their creativity on a scale from -3 to +3, where
-3 was ‘Not at all creative’ and + 3 ‘Very creative’. In both scenarios, the average
creativity was evaluated as 0.6 (Figure 1).

0
k]
o
E
20
1
[] L]

Pml ing Vignette 'V:n::l & Vignette - Evalu nnm of Ereativity (distribu |nnp

1

Frequency
Frequency

The creativity displayed by different actors in the process of painting a canvas, thus,
has been evaluated by participants equally to the creativity exhibited in the pro-
cess of making a scientific discovery. This result already carries a partial relevance in
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respect to the initial hypothesis of the study, i.e., overall, there does not seem to be
a difference between the evaluation of creativity in artistic endeavours and in scien-
tific discovery processes. Still, in order to more thoroughly test whether the starting
hypothesis is disputed, it is worth considering the factors that influenced the evalua-
tion of creativity displayed by human and artificial agents in both scenarios.

The focus of this paper lies on the impact that the identity of the actor
performing the action, namely whether the actor is human or artificial, has on
attributions of creativity. This is the analysis that will be reported in what fol-
lows, leaving aside the consideration of the influence of the other dimensions
(i.e., Agency, Embodiment, Explainability) on the evaluation of creativity. Table 2
shows how the participants’ evaluation of creativity change by varying the levels
in the Actor dimension in respect to the baseline (corresponding to the actor be-
ing a human individual). Values are rounded to the nearest hundredth.

Table 2. Factors impacting Actor Dimension
perceptions of creativity.
Human (baseline) | Al Human & Human Human & AI
Painting scenario
Estimate 0 -0.88 -0.54 -0.18
o Std. err. 0 0.44 0.37 0.38
7.In Table 2 the significant
estimates are indicated in z value 0 -2.00 -1.44 -0.48
bold, where the significance Pr> |z|) 0 0.04 0.15 0.63
is indicated by the Pr(> |z|), . .
p g Vaccine scenario
the so-called ‘p-value’. The .
latter is a number between Estimate 0 -1.00 -0.74 -0.58
0 and 1 which describes Std. err. 0 0.43 0.37 0.43
how llkely |t.|sthat the null S value 0 231 201 136
hypothesis is true, where the
null hypothesis states that there Pr(> |zl) 0 0.02 0.04 0.17
is no relationship between Combined scenarios
the variables being studied. -
To be statistically significant, Estimate 0 -0.98 -0.68 -0.39
the p-value should be less Std. err. 0 0.31 0.25 0.27
than 0.05. This value indicates 2 value 0 -3.07 268 1.46
strong evidence against the null
hypothesis, as there is less than Pr(> IzD) 0 0.002 0.007 0.14

a 5% probability that the null

hypothesis is correct and that From the Estimate row, it is possible to see that in both scenarios, just for the
there is no relationship between f f bei h b h ificial her di . bei
the variables studied. Tt should act of not elr.lg.a uman, but rather an arfu cial actor (.ot er dimensions being
be noted that from the fact that ~ equal), the Al is judged as 0.88 or 1.00 point less creative than humans.” What

the pvalue is significant, does j5 more surprising is that in the case of the vaccine scenario also the team com-
not automatically follow that d of h 74 L ionifi v | . h individual
the alternative hypothesis that  P0sed of two humans (-0.74) results significantly less creative than an individua

the independent variable did human (0), and even less creative than the team composed of a human and an

affect the dependent variable,  artificial intelligence (-0.58). Combining the results of the two scenarios, similar
and the results are significant in . .
terms of supporting the theory  '€SUlts are obtained: both AI (-0.98) and the team composed by two humans

being investigated, is true. (-0.68) are deemed significantly less creative than a human individual.
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Fig. 2. Factors impacting
perceptions of creativity in
combined scenarios.

Figure 2 presents the results of the combined scenarios reported in Table
2 graphically.

Attribute Level Estimate Std. Err z value Pr(>|z|)
actorlD Al -0.9772672 0.3177047 -3.0760241 0.0020978 **
actoriD Human + Human -0.6767014 0.2522837 -2.6823034 0.0073117 **
actorlD Human + Al -0.3928324 0.2692261 -1.4591168 0.1445330
Vignette Painting 0.0129099 0.1629443 0.0792291 0.9368504

actorlD:

(Baseline = Human)

Al - -

Human + Human - A

Human + Al . -
Vignette:

(Baseline = Vaccination)

Painting ¢

i

-1 0 1
Change in E[Y]

The hypothesis that there should be less resistance against artificial creativity
in the context of scientific discovery has not been confirmed. Rather, by looking
at the estimated values, in the vaccine scenario Al has been judged 1 point less
creative than a human actor, while in the painting scenario it has been judged
0.88 point less creative than a human actor. Even if the difference between the
two estimates is minimal, Al is recognised less creative when engaging in a sci-
entific discovery than in an artistic process.

Instead of ascribing the low rating of creativity attributed to AI to just the iden-
tity of the actor, other reasons could be argued for. For example, it can be claimed
that the two scenarios described do not allow a generalisation of the results and to
conclude that, in general, Al is deemed less creative than humans in any artistic
or scientific endeavour. Another possible argument is that the creativity rating was
lower in the scientific discovery scenario because creativity is arguably more often
associated to artistic than to scientific processes. The motivations behind the low
level of creativity ascribed to artificial actors, as well as to the team composed by
two humans, can be investigated further by considering the comments given by
participants in the free response field in the factorial survey section.

2.3.3 Free Responses
After being asked to evaluate the level of agency and creativity in both scenarios,
participants also had to elaborate their answers through a free response field

(compulsory to move forward in the questionnaire).
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8. Dr Miller and Alpha are the
names, respectively, of the
individual human and of the
artificial actor in scenario B.
Helen and Omega are the
names, respectively, of the
individual human and of the
artificial actor in scenario A.

The possibility that the low attribution of creativity to artificial systems in
scenario B (vaccine) could be motivated by a more general hesitation to recog-
nise science as a field where creativity can be expressed, does not seem to be
supported by the participants’ comments. Despite acknowledging that creativity
in science is a different kind of creativity to the one displayed in the artistic sec-
tor, none of the participants categorically refuses to recognise that creativity is
an important skill for scientific discoveries. The following are some of the rele-
vant comments to scenario B:

x All I'm trying to say is that the creativity needed for a scientific dis-
covery is a different type of creativity, oriented toward problem-solving
and teamwork, compared to the creative process in other fields. [partici-
pant n. 1902441942]

x [...] in contrast to the arts, creativity in science should be under con-
trol of the agent. Ideas might come uncontrolled, but the actual results
should be under control. [participant n. 1939986821]

x  Science requires creativity, since imitation and methodology rarely
are enough discovery. [sic!] [participant n. 819642924]

x I consider that behaviour creative. However, during the pro-
cess of true (artistic) creativity the goal itself is open. [participant n.
1501662647]

x  In scientific experiments, the space for creativity would be low, es-
pecially one involving finding a vaccine against COVID-19. [participant n.
996487393]

The attitude expressed by participants in the comments in respect to the consid-
eration of artificial actors as creative in the context of both artistic and scientific
processes is similar. While some are favourable to the attribution of creativity
to AI and recognise artificial actors as capable of expressing both agential and
creative skills:

x  [Alpha] did just what a creative, insightful scientist would have done.
[participant n. 1167425615]

x  There was collaboration and Communication of some sort be-

tween Helen and the robot and I think that is creative. [participant n.
1206682464),°
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most of the comments refer to the artificial actor as a ‘tool’, both when it is acting
alone and in collaboration with humans. The debate around whether AI systems
should be deemed tools for the human artists, or rather artists themselves, is
well addressed in the literature (Hertzmann 2018, Loman 2018). The tendency
at not attributing autonomy to the artificial actor, holding instead the human pro-
grammers behind it as responsible for the creative capabilities expressed, can
be observed in equal measure in both scenarios, thus disputing the assumption
that a more positive attitude toward the attribution of creativity in scientific dis-
coveries would have been observed.
The following are some of the relevant comments to scenario B:

x Itis using a tool (a self-learning machine) to undertake a task. I see
this as little more creative than using a supercomputer to break a coded
message using brute force. [participant n. 2006543588]

x  The doctor is utilizing Alpha as a tool, a sophisticated tool - but in es-
sence no different than a painter’s brush. [participant n. 2070596251]

x Ithink it is not a lot about creativity in this scenario, but about a clever
use of a new (and sophisticated) tool called Alpha by the scientist. [par-
ticipant n. 1440542658]

x  Dr Miller is agent, Alpha is a tool. [participant n. 1923077464]
Here are a few of the relevant comments to scenario A:

x  Helen uses the robot as a tool, both for the painting process and for
the input for the colour palette. [participant n. 1724824 616]

x  Omega is more like a tool rather than an autonomous agent. [partici-
pant n. 1072971333]

x A robot cannot be creative: it should merely be a slave for humans.
[participant n. 1078614007]

x  Onthe one hand, if the action displayed above had been performed
by a human, I would have had no problem to give an answer tending

to the creativity side. On the other hand, the fact that the action above

displayed is performed by a machine and so, by something which acts

according to the program implemented in it by humans make me quite

reluctant to attribute any level of creativity above the neutral midpoint.
[participant n. 2021552982]
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It has been mentioned above that the team composed of two humans was eval-
uated as less creative than the individual human and the team of human + Al in
the vaccine scenario. No relevant observation is provided by participants that
could help understand the motivations behind this evaluation. Rather, some
comments express the importance of teamwork for creativity in the science do-
main. Here is an example:

x I don’t doubt that Dr Miller has exercised scientific creativity neces-

sary for all scientific discoveries. But it is highly unlikely that Dr Miller has
acted solo. Scientific discoveries require teamwork, at least at one leg of
the journey or another, if not at every stage. [participant n. 1902441942]

This observation would seem to go against the estimates resulting from the vac-
cine scenario. The lack of other significant results in respect to the difference be-
tween the attribution of individual vs. collective creativity, thus, does not allow to
support a conclusion in this respect.

3. Conclusion

This study sought to investigate participants’ perception of human and artificial
creativity in artistic and scientific scenarios. Based on results of previous re-
search by the author (Moruzzi 2020), the study started with the hypothesis that
participants would have been more inclined to attribute creative skills to arti-
ficial actors that engage in scientific discoveries rather than to actors that are
involved in artistic processes.

Results obtained from the factorial survey experiments of the survey,
however, disconfirm this hypothesis. The evaluation of the overall creativity dis-
played by actors in the artistic and in the scientific scenarios is almost equivalent.
In addition, by observing the factors influencing the participants’ assessment
of creativity in each scenario, the findings indicate that participants attribute
significantly less creativity to artificial than to human actors, and even more so
when they engage in scientific discoveries. From the consideration of the free
responses provided by participants it has been observed that participants refer
to artificial actors as ‘tools’, hesitating to attribute them the necessary autonomy
required to be deemed agents of creative processes. The suggestion that the
low creativity attributed to artificial systems in the scientific scenario could be
a result of a general reluctance at associating creativity to the scientific domain
has been countered by participants’ comments that acknowledge the relevance
of creativity for scientific discoveries.

This paper focused on the influence on creativity attribution that the vari-
ation of the actors performing the process and of the field of application have.
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Further work based on the factorial survey experiments will analyse the influ-
ence of other dimensions, such as agency attribution, explainability, and embod-
iment, on the evaluation of creativity. A limitation of the present study that could
be addressed by more careful follow-ups is that it does not allow for straight-
forward generalisations of the results to the whole spectrum of art and science.
This limitation is a consequence of, partly, the necessarily short and partial de-
scriptions of the artistic and scientific scenarios and, partly, of the small and
biased sample of participants. Succeeding studies can elucidate the motivations
that lie behind the reluctance that this research illustrated, by varying more me-
ticulously the different variables that are involved in a creative process and by
recruiting a larger and more diverse sample of respondents.

The observations resulting from this study can pave the way for a deep-
er and more careful consideration of the dimensions that influence the attribu-
tion of creativity to human and artificial systems engaging with different kinds of
processes. The provisional considerations that can be derived from the results
obtained is that the hesitancy and unwillingness at attributing creativity to ar-
tificial systems is not limited to the artistic domain, traditionally recognised as
the place where human emotions and feeling are expressed at their best, but it
extends also to the more exact and rational field of science. This and follow-up
research can then contribute to debates on the topic of creativity and technology
in general, and at the same time inform the artistic practice and the technologi-
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Computational Aesthetics of the
Collective Affective Dynamics
of IMDB Movie Reviews

This paper proposes an approach to visualising affective metadata from movie
reviews on IMDB. First, a natural language processing (NLP) method is applied
for automatic topic modelling and sentiment analysis using contextual valence
and subjectivity as measures of emotional expression intensity. A t-Distribut-
ed Stochastic Neighbour Embedding (t-SNE) was used to project these meta-
data into a compact 2D representation. A cluster analysis was used to extract
the spatial dynamics of this representation, which were mapped into a genera-
tive visualization. Each generated visual ‘signature’ represented the emotional
dynamics of a single movie extracted from 150 reviews, for a total of 20 mov-
ies. Based on the visualised metadata, a qualitative evaluation of 79 participants
demonstrated the capacity to communicate affective metaphors, as well as
a robust sense of perceptual consistency. Furthermore, we assert that the gener-
ative visualisation of data shows a nuanced expression of an aesthetic approach
instead of an abstract articulation of an idea.
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1. Introduction

Since the very first days of computer science, data visualization has been
evolved as an academic domain associated with empirical research techniques
to interpret patterns and extract insights. While serving specialized needs in the
research community, visualization techniques also focus on the effective com-
munication of the meaning of data to generalist audiences. Information visual-
ization has been used to explore the creative potential of data and the aesthetics
of information, instead of focusing entirely on the data (Li 2018). These novel
visualization techniques can be a powerful communication tool as they can en-
hance the aesthetic experience and thus facilitate understanding of large and
complex data.

Nowadays, vast amounts of emotionally coloured text are being produced
by humans expressing thoughts and opinions in a continuous way. Rosalind
Piccard was among the first to highlight the importance of emotions in human
computer interaction (Picard 1997). Communication of emotional states are
ubiquitous features of the human world crossing the boundaries of many psy-
chological subsystems, including the physiological, cognitive, motivational, and
experiential systems (Salovey 1990).

The analysis of textual content, for emotion characterisation, adds an im-
portant dimension that enhances the understanding of the data. A data-driv-
en design approach serves as a creative method to display data while revealing
their underlying relationships, in order to facilitate understanding (Tufte 2001),
(Moere 2007), and to bring focus on the aesthetic potential of the data (Li 2018).
Emphasizing engagement and interest within the data, such as in the case of
data art, could form data-driven visualizations that communicate not only infor-
mation but also affective states (Viegas 2007).

The current research explores interdisciplinary concepts, such as machine
learning, visual communication, aesthetics and art. It unfolds as follows. First,
we describe a scheme for sentiment feature extraction from IMDB reviews. Sec-
ond, we utilize a generative design approach for data visualization to communi-
cate the subsequent features of topic modelling, sentiment and subjectivity for
a target audience. Finally, we consider an assessment method for the communi-
cation capacity of the chosen visualization approach, from a cognitive - percep-
tive perspective.

2 Related Work
2.1 Information Aesthetics and Data Art

‘Form follows function’ is a principle in design and architecture which means that
the purpose of an object or building should be the starting point for its design. This

principle was the manifestation of the cultural movements of modernism, such
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as the Bauhaus (Droste 2002), which emphasized utility and eschewed orna-
mentation in favour of function. In a similar mentality, researchers and engineers
prioritize the informativeness over attractiveness of their data visualizations. The
most common visualizations are used to reveal the underlying structures of data,
spatial and temporal relationships, with all of them paying a rather little or no
attention to design aesthetics or visual communication principles.

On the other hand, ‘Information Aesthetics’ a term used in conjunction
with concepts such as generative aesthetics, generative art or computational
architecture (Nake 2012) focuses on the aesthetic experience of the data visual-
ization. A number of research methodologies into aesthetics of data visualization
pose fundamental questions such as what constitutes good data visualization
and whether data visualization needs to be beautiful (Li 2018). It is certainly dif-
ficult to define what constitutes aesthetics; (Card 1999) suggests that applying
aesthetics to data visualization could invoke a sensation on two levels. First, on
an objective level, it can promote the focus on accuracy, efficiency, which are
important attributes in scientific visualization. At the same time, it can be used to
evoke a subjective experience of understanding in the form of an emotional re-
sponse. Data art is a different form of ‘information aesthetics’ in that it consists
of data representations that deliberately hinder and obscure the understanding
of a dataset by integrating elements of subjectivity in the data mapping process
(Lau 2007), (Billeskov 2018). The objective of data art is then to create aesthetic
forms and artistic works by overstating and dramatizing some underlying qual-
ities of the dataset instead of revealing trends or patterns (Moere 2007). Such
visualizations are generally commissioned by non-governmental organizations
and museums, which typically aspire to popularize a predefined message, or
communicate a subjective interpretation of the data to a wide, lay public. From
a broad perspective, encoding the information visually varies across research
domains, depending on its purpose, from being purely functional with focus to-
wards the visualization’s maximum informativeness (Lunterova 2019) to more
artistic and exploratory approaches with more attention towards its aesthetics
and creative expression (Moere 2007).

2.2 The Aesthetic Experience

A highly criticized challenge of the aesthetic approach, is that the assessment of
artistic value of the visual is considered as highly subjective and in lack of an ade-
guate way to provide quantitative measurements (Brown 2011), (Li 2018). David
Hume thought that aesthetic value was objective to some extent, and that we are
predisposed to find certain objects and patterns to be aesthetically pleasing (Gra-
ham 2005). The recently established field of neuro-aesthetics brought an empiri-
cal approach with an attempt to explain and understand the aesthetic experiences
at the neurological level. The early pioneers of neuro-aesthetics were seeking to
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understand how the brain creates and experiences art. They were primarily inter-
ested in the ways in which different parts of the brain are activated when we expe-
rience or create art (Chatterjee 2014). A growing body of neuro-aesthetic research
examines the ways in which art can support cognitive function, emotional well-be-
ing, and social interaction (Nielsen 2017). Kandel suggests that abstraction and
generalization are important for aesthetic appreciation. Our brain is constantly
trying to find patterns and to make sense of the world. In order to appreciate the
beauty of a work of art, we need to be able to see the big picture and to abstract
the essential features of the work (Kandel 2016).

The cognitive-affective processing model (Mischel 1995) suggests that,
while the functional approach involves the cognitive processes that interpret the
content, aesthetics of the stimuli engage the affective processes. The function-
ality of affect can be directly observed in the way people react to certain stimuli
in the environment, and indirectly in the way people cognitively process informa-
tion about the environment (Schnall 2010). Although aesthetics are considered
highly subjective, having a ‘good taste’ is not innate and can be taught which
suggests the existence of underlying principles, that from a Kantian perspective,
can be universal.

It is an open question as to how art drives human emotion, but the need
for establishing aesthetic rules remains important. Art, by definition, is an ex-
pression of human creativity. It can be abstract or realistic, representational or
non-representational. Art cannot be defined in one way. However, it is generally
accepted that it is meant to evoke an emotional response in the viewer. Different
people will react differently to the same work of art. Some might find a painting
highly emotional, while others might find it merely decorative. Despite this, there
are certain universals in art across cultures and over time that suggest there
might be some features in art that are appreciated by all. One of these features
is symmetry. There is strong evidence that people from all cultures prefer sym-
metrical shapes and patterns, perhaps because symmetry is associated with
stability and order. Perspective is also widely appreciated. When an artist uses
perspective in a painting, it gives the impression of depth and realism. This is
because our brains are hardwired to detect depth.

Design concepts such as contrast, symmetry, and rhythm are being expe-
rienced in a similar way (Coren 1980) because of common pathways, neural ac-
tivations and aesthetic preferences across individuals (Chatterjee 2014). Brown
suggests that the aesthetic processing, as the appraisal of the valence of per-
ceived artworks or everyday objects (Brown 2011) is the cooperative function
of different brain areas of different sensory modalities. This further supports
the hypothesis of the applied pre-attentive visual properties, producing specific
affected states across groups of people based on specific art attributes such as
path curvatures, shapes, colors, directions, trajectories, smoothness, accelera-
tion, linear vs radial shapes etc (Feng 2017).
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2.3 Assessing Art

The experience of art and aesthetics is a complex one, emerging from the in-
teraction of multiple cognitive and affective processes. Understanding how this
synergistic process produces an aesthetic experience remains a monumental
challenge. Motivated by this need, Chatterjee et.al suggested the use of a ques-
tionnaire to quantitatively assess attributes of visual artwork (Chatterjee 2010)
which they call “The Assessment of Art Attributes” (AAA). Based on this tool,
attributes are divided into two classes. a) The formal perceptual attributes: bal-
ance, color saturation, color temperature, depth, complexity, and stroke style.
b) The content representational attributes: abstractness, animacy, emotionality,
realism, representational accuracy, and symbolism.

3. Augmenting text with affect metadata

Measuring the emotional dimension of textual data is important when quantify-
ing individual opinions and personal attitudes from unstructured text, and natu-
ral language processing (NLP) can fulfil this requirement. NLP offers a range of
computational techniques that can perform linguistic analysis for the purpose of
achieving a better understanding of human language. We chose three categories
of meaning to shape the identity of the visualizations; topic modelling, sentiment
analysis, and subjectivity analysis.

3.1 Topic Modelling

This is primarily a methodology to detect relationships and semantic structures,
referred to as topics, from a large collection of otherwise unorganized docu-
ments (Jelodar 2019). Topic modelling can be based on word embeddings which
is a method to represent words in a text as vectors based on their relative mean-
ing derived from co-occurrences in this text. Representing words in a vector
space is commonly used for locating similar words that share common contexts.

A popular method to calculate word embeddings is the word2vec (Mi-
kolov 2013), which can map words from a document into a high dimensional
space, with each word being assigned to a corresponding vector. High-qual-
ity distributed vector representations of words can grasp quite precisely the
syntactic and semantic word relationships of an input text. GloVe (Pennington
2014) is another popular word embedding project that uses a large corpus of
crawled web pages to train a model on global word relationships. Because
of the large pre-trained map of word-vectors, GloVe eliminates the need to
train a model from scratch or estimate its parameters. GloVe was recently
open-sourced by Stanford University which made it available to the public.
Methods for topic analysis often include deep learning algorithms (Mikolov
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2013), and regression models for unsupervised learning of word representa-
tions (Pennington 2014).

3.2 Sentiment Analysis

Detecting emotion from text can be summed into three categories, Knowledge
based approaches, Learning based and Hybrid (Shaheen 2014).

3.2.1 Knowledge based approach

The key advantage of this approach is that it is easy to implement and does not
require any special training or data. It is based on a pre-defined set of emo-
tions, and the text is analysed to determine which of these emotions are ex-
pressed. However, the disadvantage is that the pre-defined set of emotions may
not always be accurate in capturing the true emotion being expressed in the
text. WordNet-Affect (Strapparava 2004) and NRC-VAD (Mohammad 2018) are
examples of lexicons used in knowledge-based approaches. Word embeddings,
such as word2vec, can be used for sentiment analysis and to estimate emotional
polarity, but they cannot predict the emotional component, resulting in an im-
precise distribution of emotionally colored words (Seyeditabari 2017).

3.2.2 Learning based approach

The goal of this approach is to learn how to detect emotions in text without a
lexicon by either using a trained classifier or by using unsupervised learning
techniques to discover the hidden structure of unlabelled data (Ahmad 2017). A
supervised learning algorithm requires a large number of samples and thus the
need to label them, whereas an unsupervised learning algorithm uses statistics
to measure semantic relations between words within sentences and their rele-
vance to targeted emotions.

3.2.3 Hybrid approach
It combines the strengths of knowledge-based and learning-based approach-
es. A pre-defined list of emotions is used to train a machine learning algorithm
to recognize emotions from text. It’s more accurate than a knowledge-based
method and more efficient than a learning-based approach (Cambria 2017).

3.3 Text Subjectivity

Subjectivity is a measure of whether comments are more factually stated, or
more opinionated, usually ranging from (0, 1) where the author is expressing
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either own feelings and opinions or describing facts. It has been used in many
applications such as to predict consumer’s attitude towards brands (Mostafa
2013). Sentiment analysis and subjectivity detection are both methods of un-
derstanding the attitude of a text, be it positive, negative or neutral. Sentiment
analysis is the process of identifying the attitude of a text, while subjectivity
detection is the process of identifying how opinionated the text is. There are
two main approaches to subjectivity detection:

1. Rule-based approach: This approach uses a set of rules to detect
how opinionated a text is. The advantage of this approach is that
it is easy to implement and does not require any special training
data. However, the disadvantage is that the rules may not always
reflect the true subjectivity of a text.

2. Machine learning approach: As a result of this approach, it is pos-
sible to identify non-rule-based subjectivity. However, it requires
special training data and is more difficult to implement.

4. Generative Design & Aestheticization of Data

As creation is related to the creator, so is the work of art related to the
law inherent in it. The work grows in its own way, on the basis of common,
universal rules, but it is not the rule, not universal a priori. The work is not
law, it is above the law (Klee 1961).

Galanter describes generative art (Galanter 2003) as a creative practice where
“the artist uses a system, such as a set of natural language rules, a computer
program, a machine, or other procedural invention, which is set into motion with
some degree of autonomy contributing to or resulting in a completed work of
art”. A particular advantage of generative design is that it can use metaphors to
conceptualize abstract ideas, and convey meanings, thoughts and feelings in a
more implicit and subconscious way (Feng 2017).

Generative art and information aesthetics could be seen as a vernacular
response to the increasingly digital and automated world in which we live. The
traditional art world has been critiqued for its focus on the elite and the inac-
cessible, while generative art can be seen as a democratizing force, providing a
way for anyone with access to a computer to create and share art. Moreover, as
the world becomes increasingly more data-driven, generative art can be seen
as a way to make sense of the overwhelming amount of information that is now
available to us. Generative art can be seen as having an important role in help-
ing us to navigate and make sense of the complex world in which we live. In this
context, information aesthetics and data art could be seen as important sub-dis-
ciplines of generative art where the focus is on the visual representation of data.
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There are a few key features that make generative art well-suited for data
visualization. First, generative art is often based on rules or algorithms that can
be used to create a wide variety of visual results. This allows for a high degree
of flexibility and variation, which is important for data visualization as it allows
for the exploration of a large amount of data in a visually engaging way. Second,
generative art often employs abstraction, which can be used to simplify complex
data sets and make them more comprehensible. Third, generative art often has
a modular structure, which allows for the easy reuse of individual elements and
the construction of complex visual compositions. This is also important for data
visualization as it allows for the easy creation of complex and varied visualiza-
tions. Finally, generative art often has a performative aspect, which can be used
to create dynamic and interactive visualizations.

5. Methods

Two phases are outlined in the proposed methodology: First, we perform a topic
modelling, sentiment and subjectivity analysis on a set of IMDB reviews, and
then we generate a series of data visualizations that are evaluated for their com-
munication reliability and validity. Based on generative art principles, the data
visualization uses linguistic rules to generate various abstract designs.

5.1 Emotional Metadata from IMDB reviews

A set of 20 movies were selected, each representing a different genre, rating,
and country of origin. For each movie, 150 reviews were randomly chosen. We
used two versions of the same dataset, a pre-processed version for topic mod-
elling and the original unprocessed data for sentiment analysis. The first version
used various filters such as special character removal and lowercase reformat-
ting to clean the text. The second version included the original reviews, since raw
text has more affective connotations. Pre-processed data were tokenized and
frequencies calculated for each token.

5.2 Visualizing Topic Similarity

A Glove model was used to convert the most frequent words found in the re-
views into vectors. Each vector was weighted based on its frequency of occur-
rence in the review. Finally, a topic vector emerged based on the average of
those cumulative values. Essentially, a review topic is a vector that represents
the most frequent words within a review. On the unprocessed dataset, we used
the Vader library as an interpreter of sentiment or polarity. Vader considers
lexicons, syntax rules, emoticons, and slang, so the unclean dataset can give a
more accurate interpretation of sentiment. Sentiment polarity lies between -1
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Fig. 1. t-SNE visualization of
topic vectors on a 2D plane and
subsequent cluster analysis
based on APC. The visualization
illustrates the distribution of
movie topics for 20 movies with
150 reviews each.

and 1, with -1 indicating a negative sentiment and 1 indicating a positive sen-
timent (Hutto 2014).

Finally, the TextBlob library was used to calculate the subjectivity of the
unprocessed version of reviews. TextBlob, which was chosen for its popularity
and simplicity, comes with its own pre-trained model. The sentiment analysis
was performed on the unprocessed reviews. The subjectivity of a text indicates
how much personal opinion is contained in it, and how much information is fac-
tual. A higher subjectivity signifies that there is more personal opinion than infor-
mation. As with sentiment, subjectivity lies between [-1,1]

Based on the t-distributed stochastic neighbor embedding (t-SNE) algo-
rithm (Van der Maaten 2008) and affinity propagation clustering (APC) algorithm
(Wang 2008), a visual inspection of the topic distribution was performed across
a selection of 20 movies from the dataset (figure 1). The t-SNE is a nonlinear di-
mensionality reduction technique that preserves the neighbourhood properties
of high-dimensional data in a low-dimensional space, usually 2D or 3D. Using
the APC algorithm, the data can be clustered without a predefined number of
clusters, providing a quick overview of the distribution of review topics. A visu-
alization of the landscape can be formed by combining these two techniques, in
which ‘similar’ points are kept together and ‘dissimilar’ points are moved apart,
with color indicating similarity between topics. Since the GloVe analysis returned
a large number of vector dimensions (n = 300), the final 2D coordinates were
used as topic modelling components.

It is evident from this visualization (Figure 1) that despite the fact that re-
view topics vary across movies, there is also considerable overlap. For example,
a number of the movies are about relationships (e.g., Eternal Sunshine of the
Spotless Mind (2004), The Notebook (2004), The Fault in our Stars (2014)), while
others are about war (e.g., Saving Private Ryan (1998), The Thin Red Line (1998))
or mental health (e.g., A Beautiful Mind (2001), Shutter Island (2010)).
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Fig. 2. DBSCAN clustering
and corresponding
visualizations based on the
t-SNE maps of NLP metadata
extracted for 4 different
movies (150 reviews each).

5.3 Collective Emotional Signatures
5.3.1 Metadata

The t-SNE was applied to 150 random reviews for each movie. Each review is
represented by a feature vector with a size of 4: Two for topic modelling coordi-
nates, one for subjectivity, and one for valence. On each t-SNE map, we applied
DBSCAN (Schubert 2017), an algorithm based on spatial density clustering, to
detect agglomerations of reviews. In addition, DBSCAN returns the diversity of
clusters, which measures the diversity of reviews as measured by the number
of clusters, the size of the clusters, the mean values of the clusters, and finally
noise, which measures the number of unallocated free points among the clus-
ters. Among the essential metadata to communicate through the generative vi-
sualization were the mean value of valence, the number of clusters, the number
of noise points, the size of the clusters, and their means. (Figure 2) shows the
visual representation of 4 different movies accompanied by corresponding out-
comes from DBSCAN analysis.
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The mean value of valence was positive for most movies, even for those with low
ratings, however the range of values was much higher and therefore considered
as representative attribute of the collective sentiment.

5.3.2 Visual form

Visual design style was inspired by the circular TV test patterns and TV scan-
lines of cathode ray tubes (CRT) displayed on analogue television sets that form
a raster scanning pattern (figure 3). Despite considering other shapes, the min-
imalistic disc with horizontal lines was chosen for its simplicity and because of
its perceived mildness and neutrality. The test pattern and the TV scan-lines
are highly identifiable patterns that refer back to the projection screen, which
is the medium that shows movies. The visualization needs to be aesthetic and
non-narrative, so the audience should interpret the work themselves and cre-
ate their own interpretations. In that sense, the medium is the message since it
communicates how audiences interact with projection screens and how they are
integral to the movie-going experience (Mcluhan 1994).
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Fig. 3. The popular test pattern
and the analogue TV scan-
lines inspired the visual form.
(c) The generative form before
deformations were applied.}

5.4 Visualizing Emotional Dynamics

Visualization was based on a simplified simulation of a magnetic-like field with
local deformations caused by exerted torques induced by magnetic moments
(Bohnacker 2012). This design style was preferred because of the capacity to
render the dynamics of the multiplicity of opinions and emotions as beams of
fine lines interacting with each other. From a metaphorical standpoint, magnetic
moments resemble fabric deformations such as stretching and shearing (figure
3). Magnetic moments or “Attractors” are characterized by their strength, ramp,
radius, and direction, with the main deformations being stretching, repulsing,
holes, and twirling. The strength of the moment is determined by the magnitude
of the magnetic field. The ramp is determined by the rate of change in the mag-
nitude of the field. Radius is determined by the distance from the centre of the
moment to the edge of the deformation. The direction of the moment is perpen-
dicular to the ramp or field. Twirling was chosen as the main visual component
due to its expressive appearance.

5.4.1 Mapping Metadata

The encoding of sentiment metadata as metaphors was determined by the hi-
erarchy of elementary perceptual tasks (Cairo 2016). Thus, the visual elements
defining the generative function were selected according to their importance in
being perceived. The visual elements that define the generative form and their
hierarchy are shown below (figure 4).
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Fig. 4. Hierarchy of elementary
perceptual tasks.

Fig. 5. The main design
features used to essentially
communicate the sentiment
metadata of each movie.
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The numbers of force attractors corresponded to the number of clusters gener-
ated by DBSCAN. The attractors’ positions were the actual cluster centroids, and
the radius of influence of the applied forces was proportional to their cluster size.
A higher number of outliers (metaphor of noise) translates to higher distortion
(uniformity of scan-line placement) as shown in (figure 5). A rounded object is
generally perceived as calming and positive, whereas angular or pointy objects
will be perceived as more intense and dominating. The direction of the twirl is
controlled by the number of returned clusters. The effect of more or fuzzy clus-
ters is one of subtle transformation, which indicates a lack of aligned opinions.
Well-defined clusters, on the other hand, would add to the sensation of ‘dis-
turbance’ with deeper distortions. To improve the communication of valence, a
coloured line was added to the scan-line disk and its position determined by the
actual valence value. Those of a positive valence will be on the upper part of the
circle, and those of a negative valence will be on the lower part, with the color
ranging from lighter pink to dark purple.
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From this mapping, a set of 20 unique visuals was generated that can be
described as signatures of the collective sentiment dynamics of each movie.
These dynamics can be traced as deformations that express movement, energy,
tensions, and entropy. As can be seen in (figure 2) well defined clusters, such as
in the case of the movie ‘fear and loathing in Las Vegas’, indicates clearly separat-
ed and opposite clusters of opinions. Almost no outliers were found. The ‘wings
of desire’ movie exhibits a multiplicity of dynamics as a result of the higher com-
plexity of the data returned by DBSCAN. In that case, five clusters and sixteen
outliers were found. Though it may be assumed that the form can be predicted
from the corresponding cluster analysis, it represents a complex system that is
quite sensitive to its initial conditions. (Figure 6) shows the expressive power of
the generative scheme. With the ‘night of the living dead” movie, there are only
three well defined clusters, but their proximity and shape produce overlapping
magnetic torques that produce local vorticities in the magnetic field. The purple
lines are located in the lower part of the disc, which means the mean valence is
negative, with the outliers contributing to a more-noisy form. This might be due
to a low valence received even by the fans of the movie. This is quite normal
given that this is a popular horror film and that even positive reviews contain
many words with a negative connotation. In contrast, the movie “Plan Nine from
Outer Space” appears more peaceful. Two clusters appear to be in an attraction
dynamic, with only one outlier. A symmetrical, balanced, and low-noise visual
results from the balanced and symmetrical collective opinion.
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Fig. 6. Two visualizations based
on emotion metadata. In the
first visualization, the shapes
are deeper and more chaotic,
representing an intense and
active emotional state. In the
second visualization, the shapes
are more orderly, representing
a calmer emotional state. Plan
nine from outer space and Night
of the Living Dead belong to

the same genre, fiction-horror
movies, however their affective
content differs. Night of the
living dead creates a feeling

of intense fear in the viewer,
whereas Plan Nine from Outer
Space creates a sense of humor
and amusement :)
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6. Evaluation and Results

A semi-structured interview with 79 participants evaluated the visuals based
on their perceived valence as well as their metaphors, using a Likert scale
ranging from 1-9, and the values were compared with the valence calculated
from the NLP models. A set of synonyms describing appearance qualities was
provided for each visual metaphor. Four of these metaphors were used to de-
scribe intrinsic data quality (randomness, diversity, separation, noise). Eight
metaphors (harmony, calm, simplicity, loose, cold, strength, movement) were
used to evaluate aesthetic perception of the generative artwork. The meta-
phors were derived from the art attributes assessment (AAS) questionnaire.
A Krippendorff’s alpha coefficient was used to measure the overall reliabil-
ity of the metaphors and the percentage of agreement between individuals.
The study found that there was a high level of agreement between individuals
when it came to the metaphors and valence used to describe the intrinsic data
quality of the visuals. From a total of 135 visuals with positive valence, 75 were
correctly assigned as positive, with an accuracy of 57%. From the 22 negative
visuals, 22 were correctly assigned, yielding an accuracy of 100%. The aver-
age accuracy error was 19% between participants and the pre-calculated va-
lence values. That is, 97 out of 157 correct guesses corresponded to 62.3% of
respondents who perceived correct values. Interesting to note is that although
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Fig. 7. A: Percentage of correctly
assigned data qualities between
movie signatures. B: Percentage
of visual quality agreement
between movie signatures.

there were 135 positive visuals, only 76 were viewed positively, while 81 were
perceived negatively. There was no surprise in this as many people are not in
agreement with what is considered a positive valence in an abstract data visu-
alization because it is often culturally bound or subjective. The coefficient of
success for assigning data qualities was 0.63, while the coefficient of success
for agreement rate was 0.75. For visual qualities, the coefficient of success
was 0.58, while the average agreement rate was 0.74.
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In addition, some visual qualities resulted in a high agreement rate but low suc-
cess rate, suggesting that some qualities were mapped in a way that produced
the opposite perceptual effect. During the evaluation, participants were asked
to assign their own expressive keywords to 3 different visuals in order to assess
the consistency in perception when translated freely into words. Figure 8 shows
the density distribution of the most commonly used words from a total of 373
words. A further interesting finding was that reviews with a negative level of sub-
jectivity were often rated highly subjective.
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Fig. 8. The keyword density
visualization between
movie signatures.
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7. Discussion and Conclusions

This study shifted the focus from the ‘form follows function’ principle, to the
aesthetic experience of the data visualization. A set of metadata extracted
from textual data and a set of metaphors were used to express the intrinsic
data qualities of a generative artwork. Engaging user’s attention to the visual
stimulus by emphasizing aesthetics within the data, such as in the case of data
art, could form data-driven visualizations that communicate not only informa-
tion but also subjective states of affection. Moreover, desired attributes of the
data could be mapped as features of an artistic style in order to communicate
an appearance based ‘aura’ of meaning. The results suggest that reducing a
vast amount of data, and their inherent complexity, to a thinner set of metadata
and using them as metaphors might bring clarity and increase communication
capacity. The aesthetics criteria utilized for this study were based on empirical
evidence and have not been evaluated from the general public’s point of view.
Adding further quantitative data, such as measuring pupil dilation, or monitor-
ing brain activity through EEG or MRI could facilitate better understanding of
the cognitive processes involved in the aesthetic experience. The use of quan-
titative data could complement the qualitative data in all the aforementioned
domains. This suggests further research using a range of assessment methods
for different communication strategies, with different approaches to aesthet-
ics and their intersection.

We believe there is a big potential in merging the functional and aesthet-
ic approach in data visualizations. Augmenting data with sentiment metadata
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as a visualization of collective affect can enhance the communication capacity
and foster deeper understanding and empathy to the lay public. Communicating
aesthetics based on the structural nature of the data rather than accurate de-
piction of the complexity of the data, can be a powerful technique to enhance
the aesthetic experience of the public and everyday lives, ultimately facilitating

social change.
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“We're the brains, youre talking
about bodies™ discussing gender
stereotypes m digital assistants

This paper seeks to understand and discuss the issues that emerge when gender
is attributed to current digital assistants, as part of an ongoing research on the
relationship between gender and Al resulting in portrayals of gender roles, ste-
reotypes and archetypes. This paper focuses on the conceptualization and devel-
opment of chatbots that ironically expose and portray gender roles, stereotypes
and archetypes. It presents recent progress in our theoretical and analytical ap-
proaches, addressing a tendency towards the feminization of current digital as-
sistants, and examines current trends of development and justifications for this
phenomenon, while debating common concerns regarding gender attribution in
Al It discusses how the questions addressed in our research are integrated into
each bot’s personality and extends this approach to masculine archetypes and
stereotypes, inspecting how they are portrayed by artificial intelligence, both in
real life and fictional scenarios. In this manner, we seek to foster debate on how
these entities reinforce and reflect common conceptions of gender back to us.
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1. The title “We’re the brains,
you’re talking about bodies”

is a direct quote from Cortana
when asked “are you a robot?”.

1. Introduction

Artificial intelligence has become part of our daily lives, namely through person-
al digital assistants that are increasingly integrating our devices. In an attempt
to become closer to our social reality, they are assigned human-like traits and
personalities, resulting in a behaviour that conforms to cultural stereotypes and
reinforces traditional gender assumptions®.

In a previous study, we discussed how this technology has become a nat-
ural part of our daily interactions, namely through chatbots that not only assist
us in our tasks but have also become friendly companions. To this end, they are
increasingly anthropomorphized, and this entails gender attribution that tends
towards feminization (Costa & Ribas 2019). Expanding on these ideas, this pa-
per seeks to understand and discuss traditional gender stereotypes and roles
as portrayed by current digital assistants, exploring the questions that emerge
when gender in the context of artificial intelligence is subject to closer inspec-
tion. In continuity with our previous work (Costa & Ribas 2019), we have further
developed our study in the context of a PhD. Our study follows a theoretical
approach, which structures an analysis of current digital assistants, which, in
turn, complements and informs the development of chatbots that expose the
current relationship between gender and Al through different profiles, dialogues
and tasks.

To this end, we begin by discussing gender archetypes and stereotypes
that are present in current digital assistants and how they informed the develop-
ment of our bots’ personalities.

We then present recent progress in our theoretical and analytical ap-
proaches and discuss how the questions addressed in the research are being
integrated into the project according to each bot’s personality and traits.

Accordingly, we have expanded our previous theoretical discussions re-
lating to current trends of development of these assistants, and their integration
into our daily life, addressing their growing ubiquity, efficiency and companion-
ship, the latter entailing gender attribution (Costa & Ribas 2019). We have also
looked into the main possibilities and questions raised by researchers and aca-
demics when examining the phenomenon, while also taking into account current
discussion surrounding gender and Al in the context of online media coverage.

We have extended our analytical approach by highlighting the functions
and features that are being prioritised in the development of these entities and
discuss their stance towards gender. While a previous analysis revealed how
they tend to behave in an affectionate and feminised way, the current analysis
shows how some of these assistants attempt to diversify their behaviour so that
they aren’t exclusively associated with femininity, revealing awareness of this
tendency. During this process, we also noticed how current digital assistants
gradually offer masculine alternatives regarding their voice.
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2. The project’s website,
where the four chatbots
are embedded:
tinyurl.com/yaecumal

Additionally, and complementing the discussion on the observable femi-
nization of digital assistants, we discuss how current portrayals of masculin-
ity in the context of AI, particularly in fictional scenarios, tend to conform to
traditional stereotypes by associating men with assertive, dominant and even
violent attitudes. Therefore, we extend our approach to masculine archetypes
and stereotypes, inspecting the way artificial intelligence portrays them, both in
real life and fictional scenarios.

In this manner, we seek to incite reflection on the cultural, social and
technical aspects that inform the conception and development of artificial in-
telligence, seeking to foster debate on how these entities reinforce and reflect
common conceptions of gender back to us.

2. Gender Stereotypes in Digital Assistants
2.1 Digital Moms, Caregivers and Femme Fatales

Inspired by current Al archetypes and traditional female stereotypes, the
project Conversations with ELIZA® was developed in the scope of an ongoing
research, and intentionally sought to highlight and expose the observable femi-
nization of current digital assistants. It ironically exaggerates and accentuates
female stereotypes, roles and behaviors that current digital assistants embody,
hence amplifying recognizable gender conceptions. The project involves the
development of chatbots with different personality traits, tasks and dialogues
that relate to common stereotypes, traditionally feminine tasks and behaviours.

The project, with the resulting chatbots, has been presented in confer-
ences and academic encounters, obtaining positive feedback and confirming
our expectation of promoting discussion and raising awareness towards this
phenomenon and on the need for critical approaches to the topic (particularly,
in people familiar with the subject of artificial intelligence and its daily impact).
We observed how Conversations with ELIZA was able to spark discussion and
debate on the implications of the feminization of digital assistants and the way
they reinforce traditional gender roles. This feedback also oriented our research
towards inspecting the main concerns and suggestions on how to counter this
tendency, ranging from (the fallacy of) gender neutrality to gender diversifica-
tion (namely through user customization) as well as to the development of more
gender fluid entities (eventually rejecting a binary framework).

To develop the bots’ personalities, we looked into particular archetypes
that are characteristic of AI, namely Helper, Lover, Motherly Figure and Femme
Fatale. These archetypes, retrieved from an article analysing female robots and
AI, are mainly found in pieces of media that depict female digital assistants. The
Helper archetype refers to helpful and compliant assistants, the Lover to roles
that seek to satisfy lack of intimacy or emotional contact, the Motherly Figure to
empathic, sympathetic personas who may also be worried or disappointed, and
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3. For example, Metropolis
(1927), Her (2013), Ex Machina
(2014), Humans (2015)

or Blade Runner (2017).

4. Samantha’s role depicts

it as a companion that fulfils
the main character’s lack of
social contact, responding to
him in an emotionally intelligent
way that addresses and
understands his feelings, and
the relationship between the
two overall takes on intimate
and romantic overtones.

5. HAL-9000, which is
supposedly infallible and
incapable of error, speaks
in an assertive manner, with
a slowly paced male voice,
and controls the spacecraft
computer, assisting the
scientists in their mission
through space, ultimately
rebelling, emancipating itself
and managing to kill

some of them.

the Femme Fatale to a simultaneously attractive and dangerous woman that
seeks power and conflict (Anders, 2015).

We combined these with traditional female stereotypes — Innocent, Or-
phan, Caregiver and Ruler — in order to achieve a recognizable and expected
social behaviour, drawing inspiration from popular culture and how it typically
portrays femininity in AI°. These stereotypes are also found in movies, tv series,
books or even video games depicting women, while also referring to Bem’s ste-
reotypes (1981 in Prentice and Carranza 2002, 269). The Innocent stereotype
refers to naive, optimistic women that try to follow the rules, the Orphan to wom-
en that try to please others and wish to be well seen as well as feel integrated,
the Caregiver relates to maternal women that look after others and try to pro-
tect and ensure their well-being, and the Ruler pertains to bold and competitive
women that seek power and are not afraid to break the rules. Most of these
examples, despite portraying said archetypes, also include feminised bodies. In
this sense, Her* constitutes a particularly interesting example since Samantha
only takes form through its voice, revealing how stereotyped femininity (in this
case, the Lover archetype) can still be portrayed mostly through stereotypical
behaviour, in a disembodied way. In 2001: A Space Odyssey (1968) HAL® consti-
tutes a similar example (its anthropomorphization is disembodied and achieved
through its voice) but regarding masculinity in the context of AI, which we will
discuss later.

According to these ideas, we came up with a helpful, compliant assistant
(named Assistant); a motherly, caregiving figure (Cybele); a cheerful, under-
standing and intimate figure (Iynx); and an irreverent, sarcastic figure (Electra).

2.2 Assistant, Cybele, [ynx and Electra

Once the bots’ personalities were established, we focused on designing their di-
alogues and tasks. Their interactions are text based, in order to avoid influencing
the user’s perception of the bots’ gender through their voices. In this manner,
their femininity is revealed through interaction according to their specific tasks
and attitudes.

We first looked at the functions offered by Alexa, Cortana, Google Assis-
tant and Siri, and traditional attributes associated with female labour. We came
up with four different tasks that simultaneously referred to AI and femininity,
such as explaining how chatbots work and are made, sending to-do reminders,
giving daily compliments and pep talks, and tweeting curious facts (in this case,
regarding women).
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& webchat.snatchbot.me

Fig.1. The Assistant, .
presenting itself. @ o

|_| Cheers!

I'm the Assistant, and I'm here to tell you all about creating a female
bot and dealing with it, which is way easier than most people think.

|_| Shall we begin?

I'm ready What do you mean?

{=

Fig.2. Cybele sending a

reminder through Twitter. @ Cybele

Go through the fridge and get rid of old food! Yuck!

& webchat.snatchbot.me

Fig.3. Iynx presenting itself.

?f_é;; I'm lynx and I'm here to hear all about your day so | can do my best
to improve it!!

I'm ready What do you mean?

(=
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Fig.4. Electra, through Twitter.

6. Focusing on common

Al errors and how to avoid
them, we opted for rules-
based dialogues aiming to
eradicate off-track moments
by presenting suggestions in a
multiple-choice fashion.

7. The goddess Cybele was
considered the Great Mother
of the Gods as well as of all
humans, animals and plant life.

8. Iynx was a Greek nymph who
invented a magical love-charm,
using her enchantments to
make Zeus fall in love with her.

9. Electra is a mythological
character in a Greek tragedy
who planned the murder of her
mother, seeking revenge

for her father.

Electra

You don’t want kids? Aren’t you worried you won’t be
fulfilled?

Their dialogue-based interactions propose different conversational subject mat-
ters and tones that simultaneously portray standard virtual assistant skills and
functions associated with traditional female labour®.

The main bot, integrated on the project’s webpage, as well as on Facebook
messenger, is an assistant whose function is to explain, through dialogue, the fe-
male AI’s creation processes, or how femininity emerges in these contexts. This
bot borrows from female stereotypes associated with service contexts, such as
being compliant, helpful, and gentle.

Cybele, whose name is inspired by an Anatolian mother goddess’, reminds
the user of daily tasks, offers advice and talks about suggestions of things to do.
Operating as a simultaneously caring, obsessive and disappointed motherly fig-
ure, it exhibits stereotypical behaviour such as being compassionate, sensitive
to the needs of others, and yielding.

Inspired by a Greek nymph?®, Iynx operates as a seductive, empathising
figure that tries to help its users with their self-esteem, by offering the feature
of sending daily compliments and pep talks. Accordingly, it does not use harsh
language and is eager to soothe hurt feelings, while being soft-spoken, childlike
and understanding.

Electra’, whose name is inspired by a Greek vengeful figure, follows a less
conventional approach. By portraying a more defiant and bolder attitude, Electra
talks about common assumptions regarding women, eventually twisting them or
presenting them ironically. It tampers with feminine and masculine stereotypes,
such as being assertive, self-sufficient and having a strong personality.

3. Discussing Gender in Al
3.1 From Solutionist Assistants to Feminised Companions

As previously mentioned, the topics each chatbot discusses are based on our
theoretical and analytical approaches and the conclusions drawn from them.

Accordingly, we take into account how artificial intelligence is increasingly part of
our daily lives, namely through chatbots that play the role of personal digital as-
sistants that aim to solve all of our problems, according to a solutionist view on
“promoting efficiency, transparency, certitude and perfection —and, by extension,
eliminating their evil twins friction, opacity, ambiguity and imperfection” (Moro-
zov 2013b, Int. par. 14). Their growing ubiquity relates to the intent of conceiving
chatbots “to become friends and companions” (Richardson 2015, 15) and their



10. Therefore, this type of
technologies are “supposed

to mimic or even learn those
abilities and characteristics
which were, until recently,
regarded as purely and typically
human and beyond the grasp of
machines” (Weber 2005, 213).

anthropomorphization entails an intention of turning our interactions with this
type of machines into more social ones (Weber, 2005)*°. Thus, human-machine
interaction becomes influenced by feelings of intimacy, closeness and empathy,
evoking Weizenbaum’s ELIZA effect (Weizenbaum 1976,6). According to Bergen,
virtual assistants emulate gestures that appeal to “the emotional well-being of
their receiver, offering some kind of comfort or ego boost” (2016, 102), clearly
demonstrating their developers’ intention to persuade users into interacting with
these entities and thus create emotional attachment.

Aiming to explore the relationship between gender and current digital as-
sistants, we analysed these entities through direct observation of three main
aspects: anthropomorphization, including names, voices and avatars as well as
human-like behavior; assistant, regarding the tasks they perform; and compan-
ion, paying particular attention to interactions that suggest a caregiving attitude
and to how their behavior might correspond to feminine stereotypes. We then
sought to inspect which functions and features are being prioritized in the de-
velopment of this technology, by looking into official statements by Apple, Am-
azon, Microsoftand Google regarding their assistants and how they’re planning
to further develop them. predominance of feminine names and default voices
(with the exception of Google Assistant and Siri). They all perform a similar set
of tasks, evoking what Dale calls “the standard virtual assistant skill portfolio”,
(Dale 2016, 6) which, in turn, Gustavsson describes as having its basis in the
“stereotyped image of female qualities” (in Hester 2016, 47). Their behaviour
frequently displays caregiving attitudes that characterize them as empathetic
and reassuring entities, conforming to “stereotypical female image of caring,
empathy and altruistic behaviour” (Weber 2005, 215). However, recent updates
in Google Assistant and Siri try to oppose this tendency diversifying their be-
haviour and offering multiple voice options.

Confronting these observations with the main questions, concerns and
suggestions that arise when discussing the feminization of AI within specialised
fields of knowledge, such as artificial intelligence, gender theory and new media
studies, we concluded how the fallacy of gender neutrality is often debated. Al-
though virtual assistants aim to appear neutral and disembodied, it is commonly
argued that they embody the archetype of a “competent, efficient and reliable
woman” and that users tend to interpret these entities through the lenses of their
own biases (Steel 2018).

Common justifications regarding the feminization of AI emphasise that
feminine voices are better suited for virtual assistants because their voice is
easier to perceive and because women are more caring than men. While female
voices are predominant in household or day to day assisting scenarios, male
voices are preferred in instructing or teaching contexts, showing that the “type
of action or assistance a speech technology provides often determines its gen-
der” (UNESCO 2019, 99). As an example, IBM’s Watson works alongside phy-
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11. The ELIZA effect describes
the susceptibility of people to
read far more understanding
than is warranted into string
of symbols strung together

by computers (...) and the idea
that computers “understand”
the physical world, reason
abstractly, make scientific
discoveries, are insightful
cohabiters of the world with
us”. (Hofstadter 1995, 157)

sicians on cancer treatment and speaks with a male voice. Relating to this link
between gender and labour, is the argument that femininity emerges as a con-
sequence of having artificial intelligence being developed mainly by men. Thus,
another explanation for the “predominance of female voice assistants may lie
in the fact that they are designed by workforces that are overwhelmingly male”
(UNESCO 2019, 100).

Adding to those justifications, are the concerns about how gender stereo-
types in the context of AI might “enforce a harmful culture” (Steel 2018). One
of the main issues with perpetuating stereotypes about women is the influence
these entities have on younger generations, since “today’s children will be shaped
by AI much like their grandparents were shaped by new devices called televi-
sion” (Rosenwald 2017). Overall, femininity in AI seems to be instrumentalized
to appeal to users by exploiting our “existing relationship to socially gendered
caring behaviours [...], tapping into those elements of femininity” (Hester 2016,
50) and, by doing so, ends up perpetuating and reinforcing common stereotypes,
roles and archetypes. The line between digital assistants and women is already
blurred and, “with advancements in technology, the line between real women’s
emotions and emotions expressed by machines impersonating women is also
likely to blur [which] will have far-reaching and potentially harmful impacts on
people’s understandings of gender” (UNESCO 2019, 112).

3.2 Automating Gender Roles, Feminised Labour and Stereotypes

We attributed the previous topics to each bot based on the stereotypes and
archetypes that informed their personality, tasks and dialogues. Adding to this,
the analysis served as a basis to elaborate the dialogues, tasks and personality
traits, thus mirroring some of the behavioural traits of Alexa, Cortana, Google
Assistant and Siri’s dialogues and interactions.

Accordingly, the Assistant chatbot focuses on the topics that relate to ser-
vice contexts and its compliant and helpful personality. It evokes solutionist
personal assistants, their ubiquity and integration into our daily lives, the way
they perform tasks and jobs traditionally deemed as feminine, human domi-
nance over machines and the influence these entities already have on younger
generations.

Cybele discusses issues that evoke its motherly, somewhat obsessive
and yielding behaviour, like data collection and veiled surveillance, the private
sphere and tasks related to the household, traditionally feminine attitudes and
the way femininity is instrumentalized to ease interaction and to persuade users
into trusting these entities.

Aiming to fix users’ lack of intimacy, Iynx articulates its understanding and
empathetic attitude with dialogues on topics such as emotional bonds between
users and digital assistants, attachment to artificial entities and the ELIZA effect.**
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12. We are planning

on expanding the project,
further developing this set

of bots but also by creating
another set of bots that gather
data by questioning users
regarding their preference
when interacting with current
digital assistants and how they
perceive gender in Al

Finally, by tampering with feminine and masculine stereotypes, Electra
follows an ironic and disruptive approach when discussing stereotypes and gen-
der roles, exposing bias in current algorithms and the illusory gender neutrality
some personal digital assistants try to portray.*’

Through this approach, Assistant, Cybele, Iynx and Electra confront users
with stereotypes, roles and archetypes that refer to both AI and gender, through
different dialogues, functions and personalities, ironically reinforcing some of
the stereotypes we currently engage with.

As previously mentioned, some of the questions that emerged during this
process relate to the way this technology portrays masculine attributes, since
chatbots that operate in instructing or scientific contexts often conform to mas-
culine stereotypes. In an attempt to complement our approach to feminine
stereotypes, we now take a closer look at the way AI portrays masculinity. We
inspected masculine stereotypes, archetypes and roles as well as the way digital
assistants portray them in order to understand which stereotypical and recog-
nizable masculine patterns are incorporated in the behavior of these entities.

3.3 Digital Fathers, Eternal Boys and Butlers

According to Guzie and Guzie, archetypes define “common behavioral charac-
teristics and typical experiences of all human beings” and masculinity can be
framed according to four main archetypes, that is, “four basic stories to which
men (...) find identity and fulfillment” (Guzie and Guzie 1984, 4).

Accordingly, the Father archetype “finds his identity and fulfillment in providing
and protecting”, similarly to the mother archetype. The main difference is how
the father is focused in directing things in a protective way, thus assuming a lead-
ership role as well as providing for his people. However, unless he learns how
to relate to his peers, father “will tend to be authoritarian and condescending”
(Guzie and Guzie 1984, 6).

The Eternal Boy archetype “finds his identity and fulfillment precisely in
the search for identity and fulfillment [...] he seeks his own individuality and he is
always looking for new opportunities” (Guzie and Guzie 1984, 6). This archetype
relates to an idea of self-discovery but also self-affirmation and, “relating to dif-
ferent people in a variety of situations, he discovers who he is” (Guzie and Guzie
1984, 6). Thus, he asserts his identity through masculine traits such as being
autonomous, dominant and ambitious, although if he “does not learn self-disci-
pline, he will lack stability [...] to the point of being totally undependable” (Guzie
and Guzie 1984, 6).

The Warrior “finds his identity and fulfillment in accomplishing in the outer
world [...], he is a good competitor who is not afraid of a struggle or a fight, he en-
joys competition which sometimes brings out the best of his talents” (Guzie and
Guzie 1984, 7). The warrior reinforces the idea that men are competitive, aim at
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testing their strength, try to be dominant and manage or even challenge power
dynamics. If the warrior doesn’t develop empathy and an ability to listen well, he
might “end up misusing the power he has to help others [...] to enhance his own
name and professional reputation” (Guzie and Guzie 1984, 7).

Finally, the Sage finds “his identity and fulfillment in drawing forth mean-
ing for himself and for others, organizes his world around philosophy, a system of
significance, a search for meaning” (Guzie and Guzie 1984, 7). Unlike the warrior,
he is oriented toward the inner world, in a search for knowledge, meaning and
significance. One of his dark sides is that he “never gets anything done” and at
times he might not be able to “translate his ideas into realities”, thus becoming
delusional and too self-centred (Guzie and Guzie 1984, 7).

We then looked into archetypes as discussed in the context of common
knowledge, namely in online media articles, similarly to how we did with the
feminine archetypes.

We observed how masculinity is also framed according to four archetypes
that reflect the same ideas as the previous archetypes: the King (similar to the
Father), the Warrior, the Magician (similar to the Sage) and the Lover (similar to
the Eternal Boy).

Finally, we looked into pop culture aiming to draw inspiration and to com-
pare the previous archetypes with fictional masculine digital assistants. Resem-
bling Samantha, HAL from 2001: A Space Odyssey (1968) is one of the most
interesting examples because, though it doesn’t possess an anthropomorphized
body, it still enacts a male persona through its voice and behaviours, revealing
yet again that gender can be portrayed without physical appearance. HAL em-
bodies the Father/King archetype since his primary function is to protect, pro-
vide, be trusting, grounded, disciplined and help navigate the ship.

However, each of the previous archetypes always has a shadow or dark
side, meaning, a version of the archetype that is somehow corrupted and un-
able to fulfil their goals. The Tyrant, described as the shadow of the King/Father,
“seeks to destroy and tear down, plagued by narcissism, illusion of absolute pow-
er, any threat to his authority and supremacy enrages him and causes him to lash
out with abuse — physically, emotionally or mentally, he sees others as objects to
exploit to his own gain” (Brett 2021).

HAL clearly matches these archetypes, framing masculinity in the context
of assistance as a source of protection, trustworthiness and efficiency but also
threatening scenarios, violence, abuse of power and betrayal of one’s trust. It’s
easy to identify these archetypes in pop culture and in other fictional mascu-
line bots or robots, such as the Terminator (1984), Robocop (1987), Westworld
(2016) or Blade Runner (2017).

In order to develop a masculine bot similar to the assistant, Cybele, Iynx
or Electra, we took the first steps in defining its personality, so it resembles a
recognizable archetype by following a similar process — combining common
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stereotypes and archetypes while also drawing inspiration from pop culture.
Accordingly, we came up with the idea of a trusting and efficient butler who
also craves power and is willing to betray one’s trust (similar to HAL). This also
demonstrates how easy it is to deconstruct stereotypical patterns of gender in
order to create a clear and recognizable gendered profile.

To further develop this bot, we would then need to define its tasks and dia-
logues. As with the feminine bots, the process to reconstruct these stereotypical
patterns would involve looking into tasks that personal assistants perform, look
into traditionally masculine tasks and jobs, and finally combine the two in order
to achieve tasks that relate to both contexts.

Finally, the development of the dialogues would have its basis on the type
of interactions that masculine chatbots usually display, while also borrowing
sentences directly from current personal assistants (for example, Siri’s “I have
a lot of information, I'm always seeking more intelligent ways to use it” when
asked about its intelligence or “I won’t respond to that” when insulted). This
would result in an original dialogue that refers to real and fictional digital assis-
tants while also embodying masculine archetypes, stereotypes, and tasks.

4. Conclusion

Artificial intelligence has become an integral part of our daily life as its devel-
opment promotes its integration in multiple devices and services of daily use,
namely through digital assistants. As these entities become closer to us, they
are anthropomorphized through their voices, names and even the way they be-
have. Consequently, they are no longer mere assistants, but become friendly
companions that relate to us in affectionate ways. In this process, feminini-
ty is often instrumentalized aiming to ease our daily interactions with these
technologies, both regarding their role as assistants that perform tasks that
echo historically feminine roles, but also as ubiquitous companions that artic-
ulate those tasks with stereotypical female roles and behaviours as caring and
submissive entities. The project Conversations with ELIZA intends to expose
stereotypes and gender roles in the context of artificial intelligence in order
to foster debate and raise awareness on the relationship between gender and
digital assistants.

To do so, we incorporated into the chatbots’ personalities some of the
stereotypes and archetypes portrayed by gendered AI, both present in our
daily lives as well as in our imagined realities, which highlights the tendency
to perceive gender according to a binary framework. Therefore, in the context
of feminine assistance, we identify three main roles: the assistant, relating to
submissive and efficient figures (explored through the assistant bot); the moth-
er, relating to a concerned, caring and overbearing figure (explored through
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Cybele); and a more intimate, seductive figure that aims at solving intimacy re-
lated issues (explored through Iynx).

Additionally, we identified a disruptive idea of a “ruler” or “femme fatale
in fiction as well as in reality, as exemplified by Siri when sassily scolding the
user or shutting down rude interactions. By combining some of these attitudes
with masculine stereotypes, Electra explores the limits between masculinity
and femininity but, at the same time, reveals how gender neutrality in the con-
text of gender is hard to achieve. Particularly, users also tend to interpret these
assistants according to their own bias, often framing these entities as feminine.
Consequently, instead of solving or even proposing alternatives to the gendering
of Al, these bots exacerbate the issues that arise from it.

In the scope of our research, we’ve been exploring the fallacy of gender
neutrality, aiming to further discuss how there’s always a tendency to attribute
gender even when there’s no apparent one. As some authors suggest, perhaps
the solution lies in diversifying these entities and making their gender as fluid
as those of human beings. This opens up space to think about traits that aren’t
completely masculine nor feminine and a possibility to blur binary understand-
ings of gender. Thus, “queerying” their gender emerges as a promising way to
play with common expectations and build up traits and personalities that aren’t
completely masculine nor feminine.

Taking a closer look at current discussions surrounding gender in the con-
text of AI, we observe how masculinity in the context of digital assistants also
tends to be based around stereotypes and archetypes. Masculinity vs femininity
in the context of assistance also relates to cultural and social understandings
of gender since, until a recent update, Siri’s voice in the UK was male by default,
evoking the butler’s traditional role in this country.

Thus, masculine assistance in the context of Al is perceived differently
from feminine assistance: a male bot is preferable in scientific and instructing
contexts, being perceived as assertive, disciplined and reputable, while female
bots are preferable in private and intimate contexts, perceived maternal, under-
standing and empathetic.

Although current personal assistants have started to diversify their an-
thropomorphized voices and personality traits, the tendency towards feminiza-
tion is still present in their behaviour and the way their tasks evoke traditionally
feminine labour. In this manner, this study sought to raise awareness and foster
debate on how current developments in Al are influenced by our social and cul-
tural views as these entities further proliferate into our lives as daily compan-
ions. As much as they aim to appear neutral, they end up reflecting our cultural
views back to us.

”
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This paper aims to diversify the existing critical discourse by introducing new
perspectives on the poetic, expressive, and ethical features of tactical media art
that involves artificial intelligence (AI). It explores diverse artistic approaches
and their effectiveness in critiquing the epistemic, phenomenological, and polit-
ical aspects of Al science and technology. Focusing on the three representative
thematic areas—sociocultural, existential, and political—it discusses works that
exemplify poetic complexity and manifest the ambiguities indicative of a broader
milieu of contemporary art, culture, economy, and society. With a closing sum-
mary of the major issues and possible directions to address them, the paper
shows that tactical Al art provides important insights into the Al-influenced
world and has the potential to advance computational arts toward a socially re-
sponsible and epistemologically relevant expressive stratum.
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1. Tactical Al Art

Since its largely obscure beginnings in the 1970s (Wilson 2002), AI art has ex-
panded, gained visibility, and attained sociocultural relevance since the second
half of the 2010s (Burbano and West 2020). This was facilitated by the acceler-
ating affordance of multilayered subsymbolic machine learning (ML) architec-
tures such as Deep Learning (DL), and by the raising sociopolitical impact of Al
technologies. Contemporary Al art includes diverse creative approaches to, and
various degrees of technical involvement with, ML (Grba 2022). Its topics, meth-
odologies, presentational formats, and implications are closely related to a range
of disciplines in Al research, development, and application. Al art is affected by
the epistemic uncertainties, conceptual challenges, conflicted paradigms, dis-
cursive issues, ethical, and sociopolitical problems of Al science and industry.
Similar to other new media art disciplines, Al art has had an ambivalent relation-
ship with the mainstream contemporary artworld (MCA), marked by selective
marginalization and occasional exploitation (Bishop 2012; Grba 2021, 252-254).

Informed by the functions, applications, consequences, and other as-
pects of modern ML systems, Al artists have been increasingly engaging in the
critique of the epistemological, existential, or sociopolitical issues of applied
AI (Grba 2022, 3-17). Their production continues the heterogeneous flux of
tactical media practices that have energized art and culture since the late 20t
century with hybrid forms of academic criticism of, or critical interventions into,
technological, political, economic, and cultural layers of the neoliberal con-
dition. With the raising accessibility of technologies that can be modified and
repurposed by the actors who operate outside of the established hierarchies of
power and knowledge, tactical media has emerged as a response to a shift in
the nature of power in postindustrial society toward the information economy
in which efficiency, operationalism, and instrumental rationality become core
values, and market transactions the predominant social good.

In different ways and contexts, tactical media artists subvert and ex-
pose the exploitative corporate strategies based on quantization, statistical
reductionism, data-mining, behavioural tracking, prediction, and manipulation
of decision-making (Grba 2020, 71-73). Their expressive forms do not always
clearly match the explicit activist category but offer subtle, sometimes covert,
critique. Tactical media works are not sweeping revolutionary events but en-
gage in a micro-politics of disruption, intervention, and education. The adjec-
tive “tactical” also indicates that absolute victory and fundamental structural
transformation are neither desirable nor truly attainable objectives; tactical
media projects are fleeting, ephemeral, and pliable and their statements and
actions must be continually reconfigured in response to their changing targets.
Although it often maps the top-down power relations, tactical media embod-
ies a sense of bottom-up resistance in a manner and style associated with
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cultural dissent and opposition. It challenges the dominant semiotic regime
through signs, messages, and narratives that foster critical thinking. It offers
new ways of seeing, understanding, and (in some scenarios) interacting with
the targeted systems of power. The transformative effects of tactical media
projects are often not immediate but cumulative and relational because they
provide insights and tools that may become transformative in the hands of the
audience. Successful works emphasize the audience’s presence, experience,
engagement, and response (Bourriaud 2002). Sometimes, however, the inten-
tionally constrained audience engagement can also be worthy: the restricted
interaction with the work helps us become aware of our limitations to make an
immediately perceptible impact on the socioeconomic and political systems
represented by the work (Raley 2009).

Tactical media is often so entangled with its core informational and
technological apparatuses that protest in a sense becomes the mirror image
of its target. As Raley puts it (2009, 30), “while [these] critical practices do
not have the hollowness or emptiness of Space Invaders [game]—the paradig-
matic scene of the individual fighting back against a relentless and formless
enemy—at times they participate in the same solitary, and sedentary, aesthet-
ic.” Furthermore, by openly identifying loopholes and weaknesses in the sys-
tems they critique, tactical media artists set their efforts and achievements
up for recuperation and exploitation (Lovink and Rossiter 2005). In some in-
stances, tactical media even lapses into its opposite and becomes the sophis-
ticated mystification of the California Ideology whereby a technocratic class
of avant-garde artisans acts on behalf of “the [lay] people” by articulating a
vision of individual freedom realizable from within the power structures of the
information society (Barbrook and Cameron 1995/2008).

Tactical AI art inherits, extends, and often amplifies, the strengths and
shortcomings of tactical media. This makes it conducive, both explicitly and
implicitly, to understanding how contemporary Al reflects, influences, and
produces sociopolitical relations, economies, and worldviews. The existing
literature pertinent for tactical Al art includes Marcus and Davis’ Rebooting
AI (2019) as well as Mitchell’s Artificial Intelligence (2019) which provide the
conceptual, technological, and sociocultural critiques of Al research and im-
plementation; Pasquinelli’s How a Machine Learns and Fails (2019) and Kearns
and Roth’s The Ethical Algorithm (2019) that address the ethical, sociopolitical,
and cultural consequences of the AI's conceptual issues, technical imperfec-
tions, and biases; Zylinska’s AI Art (2020) that discusses the AI’s influences
on the arts and culture; Crawford’s Atlas of AI (2021) that maps the exploit-
ative layers of Al research and business, hidden behind marketing, media hype,
application interfaces, and cultural commodification; and Zeilinger’s Tactical
Entanglements (2021) whose multifaceted theoretical analysis of selected Al
artworks focuses on their critical values, issues, and potentials.
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1. Footnotes list additional
exemplars for further
contextualization

and comparison.

Based on the earlier exploration of Al art (Grba 2020, 2021, 2022), this
paper aims to diversify the existing discourse by introducing new critical per-
spectives on the poetic, expressive, and ethical features of tactical Al art. It
describes diverse artistic approaches and their effectiveness in critiquing the
phenomenological, epistemic, and political aspects of Al science and tech-
nology. The focus is on contextually relevant works that exemplify poetic
complexity and manifest the epistemic or political ambiguities indicative of a
broader milieu of contemporary art, culture, economy, and society.* This al-
lows us to identify the conceptual, discursive, and ethical issues that affect
the poetic outcomes and sociopolitical impact of tactical AI artworks, and to
outline some of the prospects for the advancement of the field.

2. Subjects

Tactical Al art traces and challenges the constitution of social reality through
the technical logic of Al that permeates the globalized infrastructures of in-
dustry, commerce, communication, entertainment, and surveillance. Artists
uncover the problematic aspects and undesirable consequences of corporate
AI and denounce biases, prejudices, economic inequalities, and political agen-
das encoded in the mainstream ML architectures. In some works, they also
engage in an exploratory critique of the nature of ML as an artistic medium.
To incite critical scrutiny, artists sometimes combine humour and provocation
by intentionally taking ambivalent positions toward the issues they address;
they emulate the corporate Al's operative models but recontextualize them
or repurpose their objectives for ironic revelatory effects. One of the common
methodologies involves taking an existent ML pipeline, training it with a non-
standard dataset, and employing it for novel tasks. Successful works usually
refrain from dramatic interventions and overly didactic explanations in order to
let the audience actively identify the interests, animosities, struggles, inequal-
ities, and injustices of corporate Al. A detailed study of tactical AI art would
exceed the available volume of this paper, so its central discussion pertains to
the exemplars in the three most representative subject areas: sociocultural,
existential, and political.

2.1 Sociocultural

Many cultural manifestations of applied AI are linguistic, so artists often work
with natural language processing (NLP) systems to critique their political un-
dertones. For example, Jonas Eltes’ installation Lost in Computation (2017) fea-
tures a continuous real-time conversation between a Swedish-speaking and an
Italian-speaking chatbot connected through Google Translate service. It simul-
taneously highlights the ambiguities of machine cognition and showcases the
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2. Further examples of critical
NLP include Ross Goodwin’s
Text Clock (2014); Michel
Erler’s Deep Learning Kubrick
(2016); Ross Goodwin and
Oscar Sharp’s Sunspring
(2016); Jonas Lund’s Talk to Me
(2017-2019); Joel Swanson’s
Codependent Algorithms (2018)
(Swanson 2018); Disnovation.
org’s Predictive Art Bot (since
2017); Sofian Audry and Monty
Cantsin’s The Sense of Neoism!
(2018); Philipp Schmitt’s
Computed Curation Generator
(2017); Alexander Reben’s

AI Am I (The New Aesthetic)
(2020); Nirav Beni’s AI Spy
(2020); and others.

increasing accuracy and flexibility of language modelling algorithms (Eltes 2017).
Lost in Computation references earlier Ken Feingold’s installations such as If,
Then, What If, or Sinking Feeling (all 2001) (Feingold 2021) and Marc Bohlen’s
Amy and Klara (2005-2008) (Béhlen 2005-2008). In these works, NLP systems
provide semantically plausible but ultimately senseless continuation of narrative
episodes which allude to the flimsiness of the Turing test and serve as vocalized
metaphors for our lives. They extend the uncanny experience into the absurdity
of miscommunication and accentuate the overall superficiality of the systems
tasked to emulate human exchange. Artists also indicate the dubious sociopo-
litical background of NLP technologies. For example, Matt Richardson’s Descrip-
tive Camera (2012) has a lens but no display;it sends the photographed image
directly to an Amazon MTurker tasked to write down and upload its brief de-
scription, which the device prints out (Richardson 2012). It provides a revelatory
counter-intuitive glimpse into the widespread exploitation of transnational ech-
elons of underpaid workers for ML training dataset annotation, which corporate
AI euphemistically calls “artificial Artificial Intelligence” (AAI) or “pseudo-Al”.?

To underline the issues in the visual layers of the Al-influenced culture,
artists make deepfakes by modifying generative adversarial network (GAN) ar-
chitectures. For example, Libby Heaney’s Resurrection (TOTB) (2019) thematiz-
es both the star power in music and the memetic power of deepfakes (Heaney
2019a). Visitors of this installation are invited to perform karaoke in which the
original musician of a chosen song is video-deepfaked to mimic the visitor’s sing-
ing and gesturing/dancing. In between karaoke acts, the host Sammy James
Britten engages the audience in the discussion of power, desire, and control—an
extension that seems to be as imposing and redundant as the artist’s explana-
tory section for this work (Grba 2021, 246-247). Heaney’s Euro(re)vision (2019)
addresses the transmission of power and politics through popular media more
effectively. In this video, deepfaked Angela Merkel and Theresa May sing absurd
songs in the style of Dadaist Cabaret Voltaire performances within a setting of
the Eurovision song contest (Heaney 2019b). Their disfluent algorithmic poetry
eerily resembles the nonsensicality of actual Brexit discourse and implies the
broader semantic reality of political life. In a similar fashion, Bill Posters and
Daniel Howe confused the Instagram surfers by posting two iterations of their
work Big Dada: Public Faces (2019-2021)—a series of deepfaked video state-
ments by Marcel Duchamp about the ashes of Dada, Marina Abramovi¢ about
mimetic evolution, Mark Zuckerberg about the second Enlightenment, Kim Kar-
dashian about psycho-politics, Morgan Freeman about smart power, and Donald
Trump about truth (Posters and Howe 2021).

In several works, Jake Elwes critically engages the cultural implications of
training dataset annotation and algorithm design in mainstream Al In the multi-
part Zizi Project (since 2019), he interfaces deepfake with the world of LGBTQ+.
Zizi - Queering the Dataset (2019) is a video installation continuously morphing
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through glitchy gender-fluid portraits. Elwes used a StyleGAN trained on Nvidia’s
Flickr-Faces-HQ dataset and retrained it on a new dataset of around 1,000 por-
traits of drag performers, scraped from the Internet. Another part of the Zizi Proj-
ect is the online work Zizi Show (2020) which critiques both anthropomorphism
and the error-prone gender inclusiveness of AL This virtual drag cabaret features
deepfakes generated from the training datasets based on the original films of
London drag artists’ performances (Elwes 2020). The Zizi Project clearly indicates
that the training model datasets and statistical nature of data processing in GANs
inevitably impose formal constraints on the possible outputs (such as realistic hu-
man-like images) regardless of the common rhetoric about the “unpredictability”
or “originality” of such systems; however, this is an already known and well-docu-
mented issue (Pasquinelli 2019, 9-10). Beyond that, the project fails to show how
exactly the race, gender, and class inequalities and stereotypes transfer into ML
to harm the underrepresented social, ethnic, or gender groups. Its playful, techni-
cally sophisticated remediation within Al-influenced cultural context may be ben-
eficial for the celebration, affirmation, and inclusion of LGBTQ+, but its publicity
narratives, high production values, and focus on glamour and spectacle in lieu
of less picturesque but perhaps more important existential aspects of LGBTQ+
can be perceived as exploitative. Moreover, if taken seriously by corporate Al, this
critique can contribute to the refined normalization, instead of correction, of so-
ciopolitical biases toward the LGBTQ+ community because these biases have a
broader, deeper, and darker historical background.

In contrast, Derek Curry and Jennifer Gradecki’s deepfakes Infodemic
(2020) and Going Viral (2020-2021) exemplify a consistently effective critique,
recontextualization, and transformation of ML as a sociotechnical realm (Gra-
decki and Curry 2017). Both works target celebrities, pundits, politicians, and
tech moguls who have “contributed” to the CoVID-19 pandemic by spreading
misinformation and conspiracy theories, which themselves went “viral”, often
spreading faster than real news (Curry and Gradecki 2020; Gradecki and Curry
2021). For example, Infodemic features a cGAN-deepfaked talking head video in
which some of these influencers deliver public service announcements voiced by
academics, medical experts, and journalists that correct false narratives about
the pandemic. By playing with deepfakes within their native context of fake news,
these projects also probe the broader phenomenology of mediated narratives.
The effectiveness of Curry and Gradecki’s tactics is based on thorough research
and self-referential critical methodology with computational media affordances;
its playful transgressive affects are also friendly implications of our complicity
to the politically problematic aspects of the applied Al through conformity, lack
of involvement, or non-action. Leonardo Selvaggio’s web project Apologize to
America (2021) relates to this approach by using augmented reality instead of
deepfake. Powered by Selvaggio’s custom Snapchat lens, it invites visitors to
record an apology while “wearing” the 45t President of the United States’ por-
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trait mapped onto their face. Recorded apologies are published and archived
on the website apologize2america.com, and visitors can share them on social
media (Selvaggio 2021).

2.2 Existential

Al technologies affect society, culture, and politics through the material, physical,
ecological, and existential changes. Artists sometimes metaphorize this influence
by using geospatial contents (landscapes, terrains, maps) for training datasets and
by positioning the machine-learned output in politically connotated contexts.

For example, in several formally economical interactive installations, Nao
Tokui addresses the arbitrariness of ML-powered sound and image recognition
and synthesis in entertainment, advertising, surveillance, law enforcement, and
the military. In Imaginary Landscape (2018), the software continuously anal-
yses Google StreetView photographs, selects three that look similar, and joins
them together horizontally in a three-wall projection. Another module, trained
on landscape videos, generates soundscapes that correspond with stitched trip-
tych landscapes (Tokui 2018a). In Imaginary Soundwalk (2018) viewers free-
ly navigate Google StreetView for which the ML system, using the cross-modal
technique for image-to-audio information retrieval, generates the “appropriate”
soundscape (Tokui 2018b).

Some works explore the physicality of AI through haptics or kinesthetics.
For example, Frangois Quévillon’s Algorithmic Drive (2018-2019) uses kinesthet-
ics to play out the tension between robotics and the unpredictable nature of the
world. For this work, several months-worth of data collected by a car’s onboard
computer, such as geolocation, orientation, speed, engine RPM, stability, and
temperatures at various sensors, is synchronized with the video capture from
the car’s dash-cam. The captured videos and data feed a sampling system that
sorts the content statistically and assembles a video that alternates between
calm and agitated states by modifying the parameters of sound, image, car’s
activity, and environment. An interactive controller displays data for each scene
and allows visitor intervention (Quévillon 2019).

Continuing the line of statistically driven eco-conscious works, such as
Chris Jordan’s Running the Numbers (since 2006) (Jordan 2021), artists use
ML to generate visuals, objects, and narratives that address the environmen-
tal changes imposed by the large-scale computation-intense technologies of
AI research and business. For example, Ben Snell’s Inheritance (2020) ele-
gantly compresses the material and ecological aspects of Al It is a series of
Al-generated sculptures cast in the composite medium which was produced
by pulverizing the computers used to generate the sculptures’ 3D mod-
els (Snell 2020). Although it is debatable how successfully this work deals
with non-human agency and creative expression (Zeilinger 2021, 19-20),
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3. Other examples include Tivon
Rice’s Models for Environmental
Literacy (2020); Tega Brain,
Julian Oliver, Bengt Sj6lén’s
Asunder (2021); Kai-Luen
Liang’s Blue Marbles (2021);
and others.

it provocatively references radical auto-recursive art experiments such as
Jean Tinguely’s self-destructive machines. On the other hand, Maja Petri¢’s
Lost Skies (2017) illustrates how easy it is for the projects in this range to slip
into aestheticizing the ecological issues instead of articulating the data into
meaningful or actionable narratives (Petri¢ 2021). Regardless of their poet-
ic values, it is not easy to calculate, but probably not difficult to guess, the
degree to which the systemic technological entanglements of eco-critical AI
artworks (and Al art in general) themselves participate in the overall environ-
mental damage.’

Max Hawkins’ Randomized Living (2015-2017) features a more responsi-
ble integration and interrogation of a spectrum of the applied AI's material con-
sequences. In this two-year experiment, Hawkins organized his life according
to the dictate of recommendation algorithms. He designed a series of apps that
used online data to suggest a city where he would live for about a month and,
once there, the places to go, people to meet, and things to do (Hawkins 2021).
Randomized Living is a bold exemplar of cybernetic existentialism—the art of
conceiving a responsive and evolving cybernetic system in order to express deep
existential concerns. Its implications involve the humans’ general susceptibility
to modifying behaviour and cognition in order to fit various machinic protocols,
for example labour regimes in industrial capitalism or perceptual and interac-
tion conditioning in early VR development (Lanier 2017). This susceptibility now
manifests in a tendency among the users of AI-powered devices and the oper-
ators of Al systems to constrain their vocabulary and pronunciation so the soft-
ware can interpret them (Pasquinelli 2019, 17). This reductivism is related to the
shifts in social relations driven by the mutually reinforcing opportunism and net-
work effects for the users of social media. It reflects the underlying pathological
business logic of dominant information services, which dehumanize users and
turn them into slavish data-generating commodities by addicting them to neg-
atively biased, politically derisive, and socially toxic “free” services. It is worth
noting, however, that such deviations are usually compensated by quick cultural
maturation, as exemplified by the disproportionally high fidelity attributed by the
audience to early photography, cinema, or sound recording whereas they later
become aware of the artificiality and imperfections of these media. Neverthe-
less, while the specific Al issues can be viewed as transient side-effects of the
continuing coevolution between culture and technology, it is important to remain
cognizant and vigilant about them.

2.3 Political
In order to reverse-engineer the uneasy positioning of the individual toward or
within computational systems of control, artists such as Josh On (On 2001-2004),

Joana Moll (Moll 2020), Adam Harvey (Harvey and LaPlace 2021), and Vladan
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4. Pioneered by Mark Lombardi
in the 1990s and Bureau

d’Etudes since the early 2000s,

tactical cartography involves
constructing diagrams and
maps of financial and political
power networks, which are
simultaneously aesthetic,
investigative, and activist
(Hobbs and Richards 2003;
Bureau d’Etudes 2015).

5. Examples include Ken
Rinaldo’s Paparazzi Bots
(2009); Golan Levin and
Zachary Lieberman’s Reface
(Portrait Sequencer) (2007-
2010); Shinseungback
Kimyonghun’s Cloud Face
(2012) and Portrait (2013);
Onformative studio’s Google
Faces (2013); Benedikt Grofs
and Joey Lee’s Aerial Bold
(since 2016); Tom White’s
Perception Engines (2018 and
2021); and others.

Joler have been using analytical tools and tactical cartography.” For example,
with SHARE Lab and Kate Crawford, Vladan Joler released Exploitation Forensics
(2017) whose series of intricate diagrams snapshots the functional logic of Inter-
net infrastructure: from network topologies and the architecture of social media
(Facebook) to the production, consumption, and revenue generation complex on
Amazon.com (Anonymous 2017). Similarly, Joler and Crawford’s collaborative
project, Anatomy of an AI System (2018) deconstructs the Amazon Echo device’s
black box by mapping its components onto the frameworks of global economy
and ecology (Crawford and Joler 2018). With Matteo Pasquinelli, Joler issued The
Nooscope Manifested (2020), a visual essay about the structural and functional
logic of subsymbolic ML, its epistemological and political implications (Joler and
Pasquinelli 2020). It leverages the notions of gaze and vision-enhancing instru-
ments as metaphorical and comparative devices, although their conceptual suit-
ability within the context of ML is debatable.

Since the introduction of the OpenCV library in 2000, artists have been
using computer vision (CV) for various purposes in a diverse corpus of explor-
atory works.® With advances in ML, this exploration has intensified and increas-
ingly involved the critique of the (ab)use of CV for taxonomic imaging, object
detection, face recognition, and emotion classification. For example, Jake El-
wes’ video Machine Learning Porn (2016) indicates human (perceptive) preju-
dices that influence the design of ML filters for “inappropriate” content. Elwes
took the open_nsfw CNN that was originally trained with Yahoo’s model for de-
tecting “sexually explicit” or “offensive” visuals and repurposed its recognition
classifiers as parameters for generating new images. This inversion outputs
visually abstract videos with a “porny” allusiveness (Elwes 2016). However,
the cogency of this project depends on leaving out that all visual forms are
abstract by default and that the pathways of complex scene recognition and
related decision-making in humans are not precisely known (Wang and Cottrell
2017; Wischnewski and Peelen 2021) so the ground for critiquing biases in
these pathways is uncertain.

The sensitive issues of ML-powered biometry are particularly pertinent in
facial recognition and classification due to the convergence of evolutionarily im-
portant visual features within the face and the psycho-social role of a face as the
main representation of the self and identity. Various deficiencies frame the CV
training and recognition processes in which the classification models ultimately
always make implicit (but unobjective) claims to represent their subjects. The
deficiencies in machinic face detection/identification, some of which have per-
sisted from the earlier technologies such as VR (Lanier 2019), have been continu-
ously identified by both scientists (Orcutt 2016; Zhao et al. 2017) and artists. For
example, Joy Buolamwini and Timnit Gebru’s scientific research, which started
as Buolamwini’s MS thesis in 2017, turned into a project with artistic overtones,
titled Gender Shades (2018). It assesses the accuracy of several corporate facial
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6. RyBN and Marie Lechner’s
media archeology project
Human Computers (2016-2019)
also uncovers the essential but
largely “transparent” human
echelons behind corporate Al

classifiers (Adience, IBM, Microsoft, and Face++) with respect to gender, skin
type, and skin type/gender intersection. Using a custom benchmark dataset with
diverse skin types based on 1,270 images of parliamentarians from three Afri-
can and three European countries, Buolamwini and Gebru showed that the error
rate of the tested corporate classifiers was significantly higher for women with
darker skin colour (Buolamwini and Gebru 2018). Encouraged by the IBM, they
published their benchmark dataset so it can be applied in practice for accuracy
calibration. Their findings affected the public, the corporate AI sector, and the
US policymakers (Gershgorn 2020).

Kate Crawford and Trevor Paglen’s exhibition Training Humans (2019-
2020), and the accompanying essay Excavating AI: The Politics of Images in
Machine Learning Training Sets, had a similar agenda (Crawford and Paglen
2019; Fondazione Prada 2020). Their critique of corporate practices for training
CV systems includes racial bias and the use of facial images and videos with-
out consent to build training datasets. Yet Michael Lyons, a co-author on one of
the datasets featured in the project (JAFFE), showed that Paglen and Crawford
themselves reproduced and exhibited these same images without consent (Ly-
ons 2020, 2021; Leibowicz et al. 2021, 7). Compared with the methodologically
flawed and ethically compromised strategy of Training Humans, Buolamwini and
Gebru’s Gender Shades similarly draws public attention to an established reper-
toire of race-related issues in CV, but it also productively intervenes in the tech
and policy-making sectors, where such correctives (should) matter most. On the
other hand, both of these projects open questions beyond the obvious technop-
olitical layers. Should an activist intervention end up (proactively or indirectly)
improving the Al’s profitable and further manipulable codes, and be used by
the corporate sector to remedy its public image but without necessarily improv-
ing its technical and ethical standards? Or should it disrupt the code-crystalized
corporate Al practices on a higher politically consequential level? And, within
that context, how effectively the government policy changes can affect the pri-
vate businesses with global influence?

Various modes of CV-driven interactivity (human-machine, machine-ma-
chine, and human-machine-human) allow artists to stir up a space for the audi-
ence’s contemplation and critical interpretation. For example, Ross Goodwin’s
word.camera (2015) reiterates Matt Richardson’s lexicographic approach in
Descriptive Camera but uses “non-artificial” Al for image-to-text conversion.®
The first version of this work prints out the passages from novels relevant to
the uploaded images captured through a hand-held camera interface. The sec-
ond version is a surveillance camera that autonomously searches for faces and
describes them in “spoken” words (Goodwyn 2015). Jake Elwes’ video instal-
lation Closed Loop (2017) establishes a mutually generative relational loop
between a text-to-image and image-to-text model, whose inaccuracies and bi-
ases imply ethical issues in an unpredictable and witty continuum (Elwes 2017).
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7. Although Bogart does not
acknowledge this referential
work (Bogart 2021a; 2021b).

Shinseungback Kimyonghun’s installation Mind (2019) uses emotion analysis of
the last 100 visitors’ facial expressions to drive the ocean drums and generate
a powerful minimalist sound ambient, with an overhead camera as a single in-
dicator of the machinic gaze (Shinseungback Kimyonghun 2019). Martin Disley’s
open-source project How They Met Themselves (2021) exploits the recognition
borders of face generation/recognition GANSs. In a series of steps, it allows users
to create photorealistic avatars for live webcam deepfaking. Based on the user’s
uploaded portrait, the avatar is created by a generation/discrimination process
that yields two visually indistinguishable (virtually identical) images: one is posi-
tively identified as a person in the uploaded photo, and the other one is identified
negatively (not a person in the photo). The user can then upload the generated
ambivalent image to train the free online app Avatarify for real-time animated
avatar superimposition in online interactions (Disley 2021).

Ironically, unlike the biases in ML, the individual “creative biases” and idio-
syncrasies in Al art are desirable but relatively rare. Sebastian Schmieg tackles
this deficiency with conceptual relevance, expressive economy, and formal clar-
ity in projects such as Decision Space (2016); This is the Problem, the Solution,
the Past and the Future (2017); Decisive Camera (2017-2018); and Decisive Mirror
(2019) (Schmieg 2016, 2017, 2018, 2019). In different ways, these works inject
unconventional, seemingly absurd, or counter-intuitive taxonomies into image
classification setups. For example, the visitors of the Decisive Camera project
website can upload an image which will then be classified within a taxonomic
space of four categories: Problem, Solution, Past, and Future, and assigned with
a probability percentage for each category. The classification dataset was cre-
ated in the project’s initial phase which invited visitors to select images from the
Photographers Gallery’s image archive and to assign each image to one of these
four categories. This playful subversion places the technical, methodological,
and broader sociopolitical problems of ML design conventions firmly within the
human context. It also provides the reflections of human nature in the arbitrary
authoritarianism of corporate ML classification systems based on exploiting hu-
man labour for annotating the training datasets.

Artists also critique the human appetite for exploiting the speculative in-
vestment strategies wetted by corporate Al and related crypto technologies. For
example, Anna Ridler’s Mosaic Virus: Bitcoin Per Hour (2018) questions the con-
cepts of ownership, obsessions with wealth, and financial speculation by referring
to the historical “tulip mania” phenomenon. Trained on Ridler’s custom dataset
of hand-labelled photographs of tulips, a GAN generates images of tulips inflect-
ed by the current Bitcoin values. It links the instability of values projected onto
commodified artefacts with the opacity of computational technologies used in
creating the work (Ridler 2019). Ben Bogard’s Zombie Formalist (2021) arranges
a witty marriage of ML and Komar and Melamid’s People’s Choice (1994-1997)’
aiming to direct a critical focus onto the hyperproduction of bland formalism
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(Robinson 2014) as a signifier of digital art’s commodification boosted by the
crypto art market. In this installation, two AI-powered lightboxes randomly gen-
erate abstract images calibrated by measuring the viewers’ engagement in two
modes: the attention span via face detection, and the number of Twitter likes
and retweets of the uploaded images (Bogart 2021a). Both Mosaic Virus and
Zombie Formalist make clear cases, but mainly for the audience that is already
critically aware of Bitcoin politics or digital art’s commodification. For the av-
erage audience—which may be unfamiliar with their specific issues—the strong
aesthetic fronts of these projects can be decisive or counter-effective. As is of-
ten the case with tactical art, the combination of lofty motivation and somewhat
ambiguous presentation may diminish the projects’ effectiveness or even expe-
dite its recuperation. Since the sociotechnical unpredictability is closely related
to financial instability, it is worth remembering that Al research, which has been
going through successive “springs” and “winters” (Mitchell 2019, 31-32), may
end up in Disnovation.org’s project The Museum of Failures (since 2015). In a
museological setting, it features a collection of aborted tech projects, flops, er-
rors, malfunctions, business failures, ethical rejections, or disasters presented
in various formats from historical, symbolic, poetic, and cultural points of view
(Disnovation.org 2021).

3. Challenges

These examples show that, through success or failure, tactical Al art reveals human
fallacies, conceptual constraints, and sociopolitical ambiguities in both the AI-influ-
enced society and in Al art itself. By identifying, acknowledging, and understand-
ing these issues, artists can find new ways to intervene critically and productively
in current sociopolitical reality. Similar to AI research’s struggles with encoding
crucial aspects of human cognition such as intuition, abstraction, analogy-making,
common sense, and inventiveness into machine intelligence (Mitchell 2019, 200-
214; Marcus and Davis 2019, 160-191), the poetic realm of AI art is deficient in
interesting intuitions, meaningful abstractions, strong concepts, and imaginative
analogies that effectively address the wider perspectives or deeper issues of hu-
man existence. The uneven intellectual breadth and depth, biased or constrained
contextual awareness, and sketchy art-historical knowledge affect many artists’
conceptual thinking, methodologies, and the cogency of their outcomes.

Technocratic or techno-fetishist mentalities have been haunting computa-
tional arts since their outset, and continue to affect AI art (Taylor 2014; Zylinska
2020, 75-85). They often reinforce a naive lack of understanding that production
techniques in the arts fundamentally unfold and get emancipated by coupling
with conceptual thinking and contextual awareness. Conversely, artists who ex-
aggerate or fake technical competencies are equally problematic because their
works usually miss interesting technological aspects.

69



Various apparent, but often undisclosed conceptual, methodological, the-
matic, aesthetic, and presentational similarities between different works indicate
the issues of the artists’ creative literacy and contextual appreciation. Sincere-
ly-motivated and well-conceived concepts are sometimes rendered as dry, unen-
gaging, ineffective, or counter-effective works (Grba 2022, 20-21). Critical cogency,
viability, and impact are affected by the pretentious or didactic representational
strategies, exceeding topicality, and inflated theoretical rhetoric (Quaranta 2020;
Grba 2021, 246-247). Furthermore, artistic and academic communities tend to
develop echo chambers in which their work gains significance while its real-world
impact requires more stringent assessment and correctives. The virtualization of
critical focus (or purpose) may be fruitful within the academic milieu, but the gen-
eral audience, which is central to tactical art, can easily recognize it as aloofness
or cynicism which leads to indifference, distrust, or resentment.

Broader issues that affect tactical AI art include the uninformed media
coverage, the questionable norms of the art community, the depleting auton-
omy of academic institutions, and the problematic legal norms for centralized,
profit-motivated control of intellectual property and creative labour. The respon-
sibility for tackling these issues lies not only with the artists, but also with scien-
tists, entrepreneurs, cultural agents, and the public. The exploitative strategies
of MCA entice AI artists to compromise their tactical goals in order to accom-
modate the conservative requirements for scarcity, commercial viability, and
ownership (Grba 2020, 252-254). As they unfold within the bubblingly scammy
NFT ecosystem (Quaranta 2021), the artists’ proverbial inclinations toward my-
opic opportunism call for sophisticated tactical interventions that would disrupt
the lures of commodification, complacency, and recuperation. In general, it is
important to acknowledge that both art and technology are human dispositives
within anthropological and sociocultural perspectives so that the poetic qualities
of our artefacts are inherently instrumentalizable as virtue signalling means driv-
en by competitive ambitions.

4. Perspectives

Contemporary Al provides an excellent milieu for the artists to demystify ML
systems as sociopolitical apparatuses and to reiterate that science, technolo-
gy, and businesses need thorough improvement of epistemological and ethical
standards facing the increasing complexity of human existence. Therein lays the
potential for tactical Al art to direct computational arts toward a socially respon-
sible and epistemologically relevant expressive stratum.

In order to engage the audience with a lasting impact, artists need to
match their procedural skills with motivational sincerity and ideational cogency,
and maintain a critical outlook on their poetic devices. The ethos of maturely
balanced competencies deserves cultivation through expressive diversification,
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experimental freedom, playfulness, bricolage, conceptually strong hacking, and
imaginative discovery. In principle, artists can benefit from epistemic humility to
develop more rigorous criteria for creative thinking and better multidisciplinary
knowledge of historical, theoretical, cultural, and political contexts in which they
produce and present their works (Bohlen 2020; Grba 2022, 24). This will help
them address the potentially adverse scenarios and clear the way for meaning-
ful creative directives. The inherently political nature of AI (Pasquinelli 2019)
obliges artists not only to exploit but to deconstruct and explore their expressive
means by recognizing the injustices in the notional, relational, technical, social,
and other layers of the conditions in which they live and create.

However, all actors in AI art should strive for integrity by recognizing, ob-
jectively assessing, and correcting the systemically biased and noisy profession-
al value systems of the MCA and academia. The entanglements with corporate
AI, MCA, and academia support the forthcoming Al art projects, but may also
attenuate their criticality and expedite recuperation. To tackle this, artists should
strive to resist prioritizing their careers over their art, be open to taking genuine
risks by evolving potentially hazardous ideas, and pursue systematic support with
scepticism toward institutional rationales for art sponsorship. Successful tacti-
cal projects utilize their entanglements self-consciously, as the conceptual and
existentially inherent features of digital culture. Their impact can be improved by
bolder and more nuanced examination of the cultural and sociopolitical contexts
of AI technology and business, and by deeper probing and problematizing the
underlining concepts such as intelligence, creativity, expressive agency, author-
ship, intellectual labour, ownership, authenticity, accuracy, and bias.

For countering the recuperative sophistication of info-capitalism (which
artists tend to underestimate, overlook, or ignore), stealthy subversiveness and
subterfuge seem to be more prudent than didactic overexplanation or over-
bearing spectacularism. Artists should articulate and respect their methodol-
ogies as heterogeneous productive frameworks whose experiential processes
and outcomes inform the audience by stirring inquisitiveness and critical think-
ing, stimulating imagination, and encouraging progressive action. Such tactical
frameworks are more impactful than surface-based, aestheticized, descriptive,
or rhetorical ones. By demystifying the seemingly radical capabilities of their
tools, artists can leverage the issues of modern AI as critical assets with wide
political significance. Empowered by the destabilizing value of humour, respon-
sible treatment of these assets can build new insights about human nature and
provide meaningful posthumanist perspectives (McQuillan 2018).
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This article looks through the lens of speculation at a scenario connecting the
US-Mexico border complexities with the industrialization of outer space. Based
on an art-oriented and multifaceted research process including fieldwork and
conversations with Playa Bagdad’s residents, the scrutiny of SpaceX environ-
mental impact assessments, and attendance to several Federal Aviation Ad-
ministration (FAA) public hearings; this compilation of ideas investigates the
subjectivities intrinsic to the coexistence of Playa Bagdad (Tamaulipas, MX) and
SpaceX (Texas, US) through the social and political implications of sound.

In this scenario, the noise produced by the launchers’ engines will not
only act as mobilizing force resonating in the form of intense acoustic shock
waves with the capacity of affecting materiality —including the biosphere and
the body—, but as a cultural weapon nurturing an already existing ecology of fear.
All of this amid a hybrid geography where the radical asymmetries of neoliberal
policies fuel a regime built upon necropolitics which intersect with the rising in-
frastructure of space exploration.

Ironically, the confrontation between Playa Bagdad and SpaceX remains
in silence, as an under-seen techno-political spectacle in which a community
lacking political recognition stands in the front row to witness passively the con-
solidation of an economic zone that promises to delimitate a new cosmological
dimension; one perpetuating the validation of progress, exclusively, through hy-
per-technological advancement.
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Elysium, a Hollywood film directed by South-African Neill Blomkamp in 2013,
tells the story of a not so far anthropogenic future in which Earth is no longer
suitable for the living standards of the ruling class. As expected, their solution
is to leave the planet towards a space colony floating in low-earth orbit named
Elysium, right above a dystopian version of Los Angeles, California. Those who
remain on the ground —mostly workers ruled by robots— live in a continuous
state of scarcity and repression where looking up at the sky becomes an aspira-
tional act of relief, always at the whim of setting the sight on Elysium. The futur-
istic look of the orbital habitat portrayed in the movie, which holds the means to
sustain an autonomous ecosystem, resembles the cylinders proposed by space
activist Gerard O’Neill in the 70s. As one of the key figures in conceptualizing the
expansionist narratives justifying the industrialization of space, O’Neill’s work
was instrumental in building a logic that foresees societal stratification in rela-
tionship to spatially “ascending from the Earth as an absolute form of progress”
(Deudney 2020, 267).

In several media features across the internet, Blomkamp speaks openly
about a trip to Tijuana, Mexico, that led to his arrest by the local police force.
Apparently, it took a while to settle an agreement with the cops who, in the
meantime, drove him through the slums of one of the most complex US-Mexico
border towns. Mesmerized by the roughness of the city, Blomkamp realized
that a peripheral Mexican cityscape would fit perfectly his vision of a mega-
lopolis ruined by the extractive hunger of capitalist greed. In the end, the film
was shot in Mexico City, not Tijuana. Ironically, on the opposite side of Tijuana
(considered the western corner of Latin America), right below the US-Mexico
border and on the shores of the Mexican Gulf in Tamaulipas, lies Playa Bag-
dad, a relatively small —approximately 500 residents— and precarious fishing
community facing a reality that surpasses fiction with the arrival of a contro-
versial co-habitant. Only three miles above the border line, the space explora-
tion enterprise SpaceX is developing an area to build its main vertical launch
facilities at Boca Chica, Texas. Besides being a close ally of the US Military,
SpaceX is one of the protagonists in the race to industrialize outer space. With
an ambitious agenda to fulfill by 2030, the private corporation is committed to
accomplish Starlink, a planetary-scale project that includes a 40,000 satellite
array floating in low-Earth orbit. An ambivalent macro-infrastructural opera-
tion founded upon emancipatory rhetorics promising to deliver an internet con-
nection to every corner of the world.

Nonetheless, to complete its plan, the artificial constellation will spread
around the planet as a massive hunting net; as an unreachable hyperobject with
the capacity to centralize and control an immense flow of digital information.
Likewise, they plan to build a colony on Mars and turn the human species into an
interplanetary civilization. In early 2021, SpaceX announced their intentions to
settle in Texas and make use of the Boca Chica launch site as their headquarters
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Fig. 1. Starlink diagram.

Fig. 2. SpaceX’s colony on Mars
(3D Visualization).

Fig. 3. Elon Musk montage.

for carrying on the multiple activities needed to reach their objectives, even sug-
gesting the possibility of building a whole city around it: Starbase, Texas.

WELCOME
TO

4 Starbase |

Playa Bagdad (Baghdad’s Beach) has a unique rather eccentric name for a soci-
ety culturally and geographically distant from Iraqg. Its name was coined during
the 19th century due to the resemblance between its characteristic dunes and
the stereotypical representation of a middle eastern landscape. Despite this,
they do share a remarkable factual connection: both places have been designat-
ed as Level 4 or no-go zones by the US Department of Homeland Security.

This classification system is part of the US citizens’ travel guidance; only
war-torn countries such as Syria, Afghanistan, Yemen, Iraq, and the northern
Mexican state of Tamaulipas are recipients of this title. Tamaulipas —a state shar-
ing a 230-mile border with Texas— has played a pivotal role in the ongoing war
on drugs waged since 2006, which has spread a wave of radical violence leaving
more than 300,000 casualties across Mexico. In this scenario, Tamaulipas’ three
main border towns —Nuevo Laredo, Reynosa, and Matamoros— stand as crucial
operational sites for the smuggling industry. Continuous gangland clashes fuel
violence as rival cartels and military forces remain in dispute for controlling a
myriad of trafficking routes, some of them enabled by the North American Free
Trade Agreement (NAFTA). The unprecedented crime levels in the state, partic-
ularly in the US-Mexico border area, have severely eroded the social thread and
have caused an economic recession that is palpable in Tamaulipas’ urban and
rural topography.

More recently, in early July of 2021, the Federal Government made public
the finding of half a ton of calcined human bones in the district of La Bartolina;
only six miles away from Playa Bagdad and ten from the SpaceX launch site. The
authorities made clear that the human remains may correspond to some of the
approximately 11,000 desaparecidos (missing people) in Tamaulipas, allegedly
victims of organized crime. They also declared that, most likely, more of these
centers of extermination (as called by the media) could be spread throughout the
area. The vast extension of La Bartolina and its proximity to Boca Chica makes it
possible that debris produced by failed lift-offs will potentially land in the same
fields where human remains lay still to be found, buried under the soil of the Tam-
aulipas eastern frontier. A highly intricate region will now host a techno-political
spectacle displaying the distressing cultural encounters of modernity, where the
past, present, and future collide.
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Fig. 4. Mexican authorities at La
Bartolina, Tamaulipas.

Fig. 5. SpaceX launcher debris
found in the banks of the
Rio Grande.

This archeological and rather morbid scenario posits a straightforward
correlation between a social order built upon ultraviolence and the monolithic
presence of SpaceX, underlining in this way the notion of gore capitalism pro-
posed by the Tijuana-born and raised philosopher Sayak Valencia, whose rein-
terpretation of the hegemonic global economy in borderlines confronts sublime
notions of progress with regimes built upon necropolitics:

We take the term gore from a genre of films characterized by extreme,
brutal violence. Thus, gore capitalism refers to the undisguised and un-
justified bloodshed that is the price the Third World pays for adhering to
the increasingly demanding logic of capitalism. It also refers to the many
instances of dismembering and disembowelment, often tied up with orga-
nized crime, gender and the predatory uses of bodies. In general, this term
posits these incredibly brutal kinds of violence as tools of necroempower-
ment. (Valencia 2018, 20)

In 2014, a year before Obama’s administration ratified the Space Act —an agree-
ment authorizing private investment in space exploration —the US Federal Avi-
ation Administration (FAA) made public the Environmental Impact Statement
(EIS) which evaluates the potential consequences that may result from the is-
suing of launch licenses and experimental permits to SpaceX. This declaration
allows SpaceX to launch the Falcon 9 and Falcon Heavy spacecrafts, and a vari-
ety of smaller reusable suborbital launch vehicles from a launch site on private-
ly-owned property in Boca Chica, Texas. Throughout the 400-page document, a
concern that resonates regarding the operational details of the site, is the social
and ecological detriment resulting from the exposure to the thunderous noise
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1. PARTNER: The Partnership
for Air Transportation Noise
and Emissions Reduction is an
aviation cooperative research
organization affiliated to the
MIT (Massachusetts Institute
of Technology) and NASA
(National Aeronautics and
Space Administration).

2. Starship static fire tests

are planned to occur at the
Boca Chica Launch Facility
where 3 engines, that each
generate 478 Lbs of thrust

at sea level, will be fired for
60 seconds. https://www.
faa.gov/space/stakeholder
engagement/spacex_starship/

media/Appendix_B_Noise
Assessment.pdf

3. Federal Aviation
Administration Office

of Commercial Space
Transportation, Final
Environmental Impact
Statement SpaceX Texas
Launch Site, Volume I,
Exectuvie Summary, Chapters
1-14 (Washington D.C., 2016,
3.3.4 Existing Conditions, p.
126) at https://www.faa.gov/
space/environmental/nepa
docs/spacex_texas_eis/
“Aerial imagery south of the
U.S./Mexico border has been
reviewed and the area was
found to be unpopulated and
undeveloped. The nearest
city in Mexico (Matamoros)
is approximately 20 miles
southwest of the proposed
vertical launch area.”

produced by the launch vehicles’ engines during lift-off. The sound emitted by
a space shuttle oscillates between 135dB and 194dB, the maximum volume
sound waves can reach when moving through the Earth’s atmosphere. According
to the Federal Interagency Committee on Aviation Noise (FICAN) and Partner-
ship for Air Transportation Noise and Emissions Reduction* (PARTNER), sounds
of this intensity have significant consequences in the biosphere, causing behav-
ioral disorders in the wildlife and affecting migration patterns.

They also affect people in a variegated number of ways, which can be bro-
ken down into two general categories: auditory effects (hearing loss) and non-au-
ditory effects (activity interference and physiological effects). Several studies
conducted by PARTNER, examine a wide spectrum of manifestations derived
from the exposure to the blast produced by sonic booms and other transient
sounds, as well as longer exposure duration to continuous levels of harmful noise
such as the ones produced during static fire tests,? lift-offs, and landing. Some of
the investigation’s main concerns include annoyance, speech interference, sleep
interference and awakenings, effects on learning, and structural damage caused
by inaudible low frequencies. The symptoms may represent neural entrainment,
nausea, organ resonance effects, concussion and physical impact, or respira-
tion inhibition. In his book Sonic Warfare: Sound, Affect, and the Ecology of Fear,
Steve Goodman claims that as soon as volume exceeds 80db, blood pressure
rises, the stomach and intestine operate more slowly, the pupils become larger,
and the skin gets paler—no matter whether the noise is found pleasant, disrup-
tive, or is not even consciously perceived.

The sound emitted by a spacecraft is conditioned to its payload capacity,
which requires a specific engine set up to generate the thrust needed for lift-off.
The EIS considers two different launchers, Falcon 9 and Falcon Heavy. Falcon 9
utilizes an array of 9 Merlin engines for taking into the low-earth orbit payloads
up to 22,800 kg. Falcon Heavy is much larger, supporting a payload capacity of
68,000 kg that needs the thrust of 27 Merlin engines. According to the EIS data,
the noise produced by the launches will reach a 135dB contour at its most critical
point to then attenuate concentrically. Nonetheless, the proximity of the vertical
launch allows sound waves with enough potency to affect the environment to move
across the US-Mexico border into Playa Bagdad. The EIS treats the transboundary
complexity of this situation in a usual reductionist manner connoting the unilateral
interest of the power structures intrinsic to the US-Mexico border dynamics. This
thread is clearly remarked when the EIS openly assures —mistakenly— that with
the implementation of Google Earth, aerial imagery of the south of the US-Mexico
border was reviewed® concluding that the closest population in Mexican territory
is Matamoros, located approximately 20 miles southwest to the proposed vertical
launch area. This statement is quite problematic in two ways. The first one calls at-
tention to the political weight that Silicon Valley tech corporations, such as Google,
have in “the reworking of planetary imaginaries informing cartographic systems
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infused with the norms of the community that creates them” (Misseri 2016, 73).
The second one regards the systemic and social implication of deliberately erasing
Playa Bagdad from the map, who will be significantly affected by SpaceX’s noise
pollution since it is located inside the bounds of the impact region delimited by the
FAA, only 12 miles afar from Boca Chica’s launch site. This negligence underlines
a subtle form of corporate colonialism that is not only about domination; but about
altering the environmental conditions that make life possible.

In 2018, SpaceX started testing at the Boca Chica launch site the Starship
SN prototype vehicles, which later on would become Starship/Super Heavy, a
potent spacecraft that promises to be an iconic symbol of expansionism for
those who dream about the human species as interplanetary. As the largest
spacecraft ever built and with a payload capacity of 150,000 kg, Starship/Su-
per Heavy is designed to perform long-range journeys such as Lunar and Mars
missions, satellite payload tasks, and even future human flights beyond the
orbit —a task only accomplished by NASA’s Saturn V. The massive size of the
behemoth and the technical complications within it, raised concerns about
the environmental impact during lift-offs, landings, and static fire tests among
NGOs and members of the local communities. Imbued by the urgency of get-
ting rid of any obstacle contesting the activity of SpaceX and motivated by the
seductive idea of the US playing the settler role in the imminent industrializa-
tion of space, the FAA made public in September 2021, a draft of the Program-
matic Environmental Assessment (PEA).

The prevalent narrow scope of a 150-page document that seems more like
a poorly updated version of the Environmental Impact Statement (EIS) published
in 2014, looks forward to validating the SpaceX Starship/Super Heavy Launch
Vehicle Program at Boca Chica rather desperately. The report’s rhetoric relies
on rephrasing opaque declarations that still remain blind to the transboundary
consequences of a project in which acoustic energy will resonate not only in the
form of sound but also as politics. According to the PEA, to generate the thrust
needed, Starship/Super Heavy is expected to be equipped with 12 more Raptor
engines than the Falcon Heavy launcher. During lift-off, landing, and static fire
test, the 37-engine array will produce an intense sound that is expected, sup-
posedly, to reach a maximum contour of 150dB.

Considering the similar characteristics in terms of size and payload ca-
pacity of Starship/Super Heavy and its predecessor Saturn V, the information
provided by the PEA seems questionable. Recordings made during Saturn V’s
lift-offs show a volume of 194dB; the extreme potency of a sound of this sort
not only would blast off the ear-drums of any living being standing nearby but
disintegrate its totality. Thus, the interaction resulting from the friction between
the powerful sound waves traveling through the atmosphere produces high tem-
peratures that stir up pressure to then represent as a mobilizing force. The PEA
acknowledges that during lift-off and landing, a harmful 111-120dB contour will
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Fig. 6. Playa Bagdad,
Tamaulipas (Mexico), 2021.

extend into Tamaulipas; however, it seems to escape the fact that, besides af-
fecting the body in several different ways, it could also cause structural damage
in rudimentary settlements such as Playa Bagdad.

Likewise, the PEA states that in case a situation like this comes up, SpaceX would
take full responsibility. This statement resonates like a false promise considering
the narrow and biased scope of an infrastructural project that chooses not to see
its transboundary impact, and that remains distant from a neighboring commu-
nity that is poorly informed about the environmental and societal implications of
the SpaceX agenda.

After conducting fieldwork in Playa Bagdad since 2019, I can confirm that
neither SpaceX nor any Mexican authority has reached out to open a discussion
about a detrimental situation that already has environmental consequences. In
several field trips, community members have shared their experience of being
exposed to the sound of SpaceX’s launches, claiming that since the tests started,
it is possible to observe how the wildlife behavior has been affected, primarily
birds and terrestrial mammals. Fishermen say that whenever navigating offshore
while a launch is being performed, the spacecraft rumbling noise mitigates the
sound of the large outboard boat motors, fulfilling the ocean’s vastness to create
an eerie atmosphere of disorientation. However, the loud presence of SpaceXin
the region will surely steer Playa Bagdad —a fishing community dependent on
a biosphere that is now endangered—, in direction to reconfigure its economy
as a sighting touristic destination from where to witness the frequent lift-offs
persuading an industrialized outer space. The former equation draws attention
to a historical scenario that underlines the US-Mexico border as a site for sys-
temic experimentation that, with the rise of neoliberal politics, was subjected to
a process of industrialization that permeates every aspect of society. Therefore,
Playa Bagdad stands as a critical ground to think about the recursive implica-
tions of the emergence of an elitist economic zone mediated through geopo-
litical treaties delimitating abstract frontiers, only reachable for those with the
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4. “NewSpace is a global
industry of private companies
and entrepreneurs who
primarily target commercial
customers, are backed by risk
capital seeking a return, and
seek to profit from innovative
products or services developed
in or for space...” at https://
WWW.hewspace.im

technological means to be part of a space club that is —literally— pushing for an
international order of societal stratification.

In The Art of Noises, a futurist manifesto written by the Italian composer
Luigi Russolo, when speaking about modern warfare, he states that there is no
movement or activity that is not revealed by noise, i.e., “noise enables us to dis-
cern a marching patrol in deepest darkness, even to judge the number of men
that compose it” (Goodman 2010, 40). The former statement perils into falling
as a phenomenological tautology. However, it could also operate as a guideline
to navigate the intersection of SpaceX’s sonic violence with Playa Bagdad’s com-
plexities through the politics of sound. This encompasses the frictions between
the local against the global, nature against technology, rudimentary improvisa-
tion against hi-tech design, and necropolitics against space exploration.

The cultural and economic tensions resulting from the SpaceX-Playa Bag-
dad axiom spotlight a community that is being politically neglected while also
being subjected to a process of dislocation that intends to be neutralized by
opaque jurisdictions promoting SpaceX as the main contender in a new space
race. A new era distant from the space exploration program Whole Earth Secu-
rity proposed by Arthur C. Clarke and Carl Sagan, which advocates for “civili-
zational progress through knowledge enlargement, consciousness-raising, and
the republican agenda of power restraint in the interest of the many” (Deud-
ney 2020, 227). On the contrary, the industrialization of space is currently being
put together over the violent and seductive imperatives of capitalism, on top
of hidden layers aiming at constituting telecommunication empires, a profitable
asteroid mining industry, and space governance organisms through corporate
coalitions protecting the interest of those with technological superiority, such as
NewSpace.” The shortage of perspective demands to scrutinize history, looking
at stimulating a political memory interweaving events where technological he-
gemony enhanced by international law have paved the way to settle and control
what the colonial apparatus conceives as peripheral land ——territories open to
be rationally domesticated, planned, and re-engineered.

Such is the case of the Arianespace launch site at Kourou, in French Gui-
ana. As the world’s first commercial space transportation company founded in
1980, hundreds of satellites owned by different nation-states, corporations, and
scientific institutions have been taken into orbit through this spaceport. Ariane-
space is a private enterprise with solid ties to the French government, who, after
more than 200 years, still has political control over a South American territory
that once was utilized as a penal colony, and now designated as an overseas
department that, ironically, hosts a crucial space center responding to the eco-
nomic interest of France and the European Union.

In the ethnographic research Space in the Tropics: From Convicts to Rock-
ets, Peter Redfield narrates his way through the city of Kourou and the Ariane-
space facilities. The investigation revolves around a cultural catharsis derived
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from the co-existence of a highly advanced launch site within the bounds of a
territory that has not been able to obtain its independence, yet still bears the
wounds of a society subjugated through “the instituting of a penitentiary system
as a strategy in which the action of moral reform could translate into a scheme
of colonization” (Redfield 2000, 188). The penitentiary was located in a small
piece of land called Devil’s Island, right in front of a complex astronautic infra-
structure with three different launching platforms corresponding to the Ariane
5, Soyuz, and Vega space vehicles. Forty years later, a similar scenario emerges
when SpaceX —a private enterprise working hand-in-hand with an imperialist
government looking forward to controlling an economic zone enabled by exclu-
sive technologies— is putting together its operational headquarters in a territory
hosting an intricate geopolitical conflict.

Moreover, Russolo frames ancient life mostly as silent, only interrupted
occasionally by the intense sounds produced by the exceptional movements of
the Earth’s crust, hurricanes, storms, avalanches, and waterfalls (Russolo 1913).
According to Russolo, it was not until the 19th century that noise came to light,
as a consequence of the invention of the machine —a notion he frames as a field
of potential and resistance against a nostalgic version of the past. The outspo-
ken Futurist’s adoration for modernity, machines, and their affiliation with a na-
tionalist ideology that bloomed into Mussolini’s fascist regime, set the basis for
undertaking a deconstruction process looking forward to decoding the political
function of sound through a typological scheme, in which the binary categories
of silence/noise relate to the culture/nature continuum. In this instance:

silence often connotes a conservative guise founded on devotion for a nos-
talgic return to a notion of nature liberated of the machinations of technol-
ogy; whereas noise stands as any form of unorganized sound whatsoever
with the capacity of impacting on thought, tradition, and the status quo
(Goodman 2010, 318).

Following this line of thought, when analyzing the noise produced during lift-offs
by launchers with a large payload capacity as Saturn V or Starship/Superheavy,
stock recordings show the very same volume intensity than earthquakes and vol-
canic eruptions. The overtone of this association suggests a factual position in
which technology, as we experience it today, has reached the power to represent
—at least in the form of sound —as massive scale natural phenomena. The former
glimpse of truth demands to take on a process of paradigmatic reconfiguration,
looking after the urgency to come up with fresh models of planetarity, antici-
pating new ways of envisioning technology’s relationship with the environment.
According to technology philosopher Lukas Likav€an, “planetary imagination is
largely shaped by the infrastructure of space exploration” (Likav€an 2019, 10).
If so, it is impossible to think of futurities ruled by equity, empathy, and justice
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Fig. 7. Starship lift-off at Boca
Chica (Texas, US), 2021.

when space programs with such political leverage as SpaceX perpetuate ques-
tionable power dynamics down here on Earth, where it is possible to scrutinize
their activity. Up there, they will be in the dark.
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Preemptive Futures:
Entropic and Negentropic
[nformation in Speculative Design

Preemption is an anticipatory action taken to secure first-options in maximising
future gain and/or minimising loss. For instance, in risk management, responses
are planned before a crisis takes place; such preemptive decisions are made
based on speculations of possible future(s), directed by information feedback
and analysis from a variety of sources. A systematic formulation of preemption
and its relationship to computation are deeply rooted in the history of WWII; in
the big data era, preemption is further augmented by the collaboration of human
and machine intelligences, urging a rethink on how information is produced and
used. By tracing a timeline of events around the conceptualisation of informa-
tion, this paper aims at understanding the design and planning implications of
preemptive decisions and how it may help us in rethinking speculative design.
This paper first revises the idea of ‘information’ through a historical and theoret-
ical study, and how it had been defined differently through the notion of entropy
by Norbert Wiener, Claude Shannon, and Erwin Schrodinger from fields of cy-
bernetics, information, and quantum theories. It discusses entropy from three
perspectives: information compression and reconstruction, information entropy
and energy entropy, interpolation and extrapolation. Finally, based on entropic
and negentropic use of information, this paper rethinks the roles of specula-
tion and preemption in today’s design context, especially their applications in
the collaborative intelligence of humans and machines within distributed, open
source networks.
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Fig. 1. Time complexity in
preemptive actions, such
as preemptive policing
(Malik, 2016).

1. Introduction

Preemption has various meanings in different disciplinary contexts at different
scales. For instance, futures markets, health insurance, and multitask operating
systems (OS) are forms of micro-scale preemption that distribute risks and work
to a larger community; military strikes, state preemption, and geoengineering
are forms of macro-scale preemption that minimises options of the opponents
in securing first-rights (Anderson, 2010). Although preemption can take different
forms, it generally has speculative and anticipatory qualities, with present actions
informed by a multiplicity of possible future(s) (Malik, 2016). The ‘preemptive’
frames design and planning as sets of iterative processes that feedback be-
tween decisions and their physical manifestations; sometimes maximising one’s
choices rather than generating definitive solutions; in most cases, it is meant to
continue an infinite game for the overall survival of a system (Carse, 2013). For
instance, HKSAR’s (2021) quarantine provisions with Restriction-testing Decla-
ration is a form of preemptive planning, iteratively adjusted based on weekly
assessments to prevent wider contamination, which contributed to almost a
year of near-zero COVID cases. It is inferred based on sensory data from a net-
work of distributive devices (i.e. a government-developed app LeaveHomeSafe
stores individual’s visit records on local devices), crowdsourcing information on
contamination flows between atomic units of the city with the larger transpor-
tation system (HKSAR, 2020). The preemptive decisions parameterised pan-
demic contingencies within a set of socioeconomic constraints developed along
a time axis, and the sensory becomes an iterative feedback process that cannot
be cognitively separated from our inference and actionistic systems. Together,
these systems form one of the preemptives.

e
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The etymology of ‘preemption’ can be traced back to c. 1600, from pre- ‘before’
and emption ‘purchase’ - ‘a purchase by one before an opportunity is offered to
others, originally as a right’, rooted in the colonial history of preemptive land and
preemptive war (etymonline, n.d.). The former can be traced back to the US’s
Distributive Preemption Acts of 1830 and 1841, ‘giving squatters a right of first
refusal to purchase land they had occupied prior to its being opened for sale [...]
Congressmen who favoured squatters’ rights would also favour moving Indian
tribes out of the old southwest’ (Carlson & Roberts, 2006). The latter originated
from the Caroline Affair of 1837, where British Troops crossed Canadian borders
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to defeat rebels, and an African-American was shot to death; the British argu-
ment of preventive strike established the principles of ‘anticipatory self-defence’
within international law (Jones, 1976). In view of this history, it is important to
keep in mind that preemption is often political - it is used to plan and justify
actions based on future(s) that are yet to occur. But rather than suffocating our-
selves with the geopolitical rectitudes that would necessitate preemption, this
paper wishes to explore its conceptual democratisation in the everyday compu-
tational design context. The speculative nature of preemption puts on the design
table the worst, best and most mundane kinds of scenarios and the probability
distributions of each to maximise design profit.

Anderson (2010) wrote extensively on how anticipatory actions led to the
planning of future geographies that are made and lived in the name of preempt-
ing threats to liberal-democratic life. Mazereeuw (2015) from the MIT Urban Risk
Lab has been looking into participatory risk management - ‘in a field that has
traditionally been the domain of emergency managers and engineers, we bring
preemptive design and community engagement into the risk-reduction equation’.
Bratton’s (2019) Terraforming program speculated on planetary-scale preemp-
tion as ‘a viable plan, but also to the refusal of bad ones if necessary [...] specula-
tive design must focus on what is so deeply functional as to be unlikely; and that,
finally, the future becomes something to be prevented as much as achieved’. IBM
(n.d.) worked with preemptive consultants to deliver comprehensive compliance
and end-to-end computational solutions, indexing and time-stamping messages
for search efficiency, scalability and security across an international network of
communication. Gill’s (2012) theory on collaborative intelligence characterised
multi-agent, distributed systems where each agent, human or machine, is au-
tonomously contributing to a problem-solving network’. Within distributed, open
source networks, preemptive computing may be used to design system central-
ity, scheduling of resources and first-option decision-making (Boussinot, 2006).
How to translate such principles for design and planning, and what value does it
bring to collaborative challenges in computation?

This paper introduces an interdisciplinary study on 1) democratising pre-
emption for design production, giving deep considerations to current, emerging
socio-economic and computational ideas; 2) differentiating preemption beyond
prediction to anticipatory actions coming from speculations; and 3) entangling
‘preemption against less desirable futures’ with ‘speculation on the multiplicity
of futures’. The speculative shares similar traits with its actionary counterpart -
the preemptive - in various disciplines, from speculative realism to speculative
financing; there is an emphasis on how information is being used to map alter-
native future(s), identifying or imagining futures from the opponents’ perspec-
tives (Higgins & Connell, 2019). Along these lines, a critical rethink on the notion
of ‘information’ cannot be escaped: its value and utility in relation to the tools
that operate it, especially in the development and differing understanding of en-
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tropy, which built the relationship between information and energy and ways in
which we may describe the state of any system using mathematics as a universal
language. By mapping a timeline of events around entropy, this paper hopes to
prompt discussions on the future role(s) of information, especially in the collab-
oration and communication within computational design production.

2. A Historiography of Entropy

Information can be used in many different ways in many different contexts; most
notably, it can be defined as entropy or negentropy (i.e. negative entropy), and
the differing definition affects the ways in which we think about and use infor-
mation in design and planning (Shannon, 1948; Wiener, 1948). Entropy is the
measure of probable surprises and disorder; whereas negentropy is the minimi-
sation of entropy (Schrodinger, 1944). This measure is the foundation to which
all digital signal processing and communication technologies operate on - from
digital images, video conferencing, big data analytics to machine learning.

Fig. 2. Tracing a timeline of
events around cybernetics and o
information theories (Ng, 2021). L D
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2.1 Information Compression, Reconstruction, and Intelligence

Two of the greatest science figures in the 20th century related information to
entropy differently. Claude Shannon and Norbert Wiener - respectively the fa-
ther of information and cybernetics theories - were both involved in WWII An-
ti-aircraft fire control (AFC) research: the art of shooting the opponent’s aircrafts
down (Galison, 1994). Shannon (1948) was dedicated to the communication of
information, whereby the fewer ‘bits’ you need to use to retrieve a piece of in-
formation, the better the wartime communication - Shannon’s entropy - the limit
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to a lossless compression. Whereas Wiener (1942) was working on unifying the
engineering disciplines of communication with control, looking into signal pro-
cessing in a time series - compression in time operations.

Compression exploits the redundancy or the lack of surprises in data to re-
duce the size in data representation. This caused significant savings in the length
of transmission - the better one can compress, the faster one is able to send in-
formation back and forth to communicate, but what does ‘better’ in compression
mean? The challenge lies not only in the act of compressing, but reconstructing
from the compressed. How can the sender compress messages in a way that
the targeted receiver can reconstruct the information contained to precision?
For instance, if one is on Zoom, can the signals be compressed in a way that the
video will be reconstructed on the receiver’s end in real-time, looking almost no
difference in quality to the human eye as before the compression? From such
examples, one can tell that the problem of compression extends beyond simple
technical engineering, to the ‘control and communication in the animal and the
machine’ (Wiener, 1948). There is a need to understand not just the observed
system, but also the observer to the system - human-machine interaction.

According to Shannon (1948), an increase in entropy is an increase in
the amount of probable arrangements in a system - an increase in the amount
of information, where lossless compression and bandwidth are values. If one
can figure out the redundancy in some data (e.g. the repetitive units in data), one
can eliminate them to achieve downsizing. Such ‘lossless’ compression is the
systemic limit to which Shannon was questioning - a measure of maximum com-
pression, a measure of entropy. This was much inspired, as Shannon (1948) had
acknowledged, by Wiener’s (1942) work on extrapolation and interpolation - one
of the reasons why Wiener is being named as ‘one of the founders of the field of
artificial intelligence’ (AI) by MIT (n.d.).

Wiener and Shannon were both hired as research assistants to study one
of the most rapidly used computing devices at the time - the differential analyser
(Guizzo, 2003). The inventor of this particular analyser is Prof. Vannevar Bush,
who was the chairman of National Defence Research Committee (NDRC). During
the war, Wiener (1940) sent some of his marvellous ideas to Bush in a memoran-
dum, explaining that the analyser can only do general differential equations, but
not partial, meaning that the machine can only work in one dimension, namely
time, but not in 2 or more dimensions. Wiener recognized ‘discretizing the data
over a grid and then averaging [...] by a line-by-line scanning of the grid [...] and
that the data had to be represented digitally rather than intensively’; such con-
volutional thinking is very much present in today’s neural networks (Masani, et
al., 1987). On the other hand, Wiener (1948) stated that the machine should do
arithmetic by making choices on the basis of previous choices according to a
schedule furnished to the machine - a memory based on feedback loop; such
formulation of an ideological automated computing machine, a logical machine,
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Fig. 3. Vannevar Bush next to

a differential analyser in the
early 1930s, Norbert Wiener
next to his moth robot based
on circular feedback in 1949,
and Claude Shannon next to his
learning machine Theseus in
1952. Image source: Computer
History Museum, Cybernetic
Zo0o, MIT Technology Review.

much resembles a human. Wiener received a response that his idea was not
immediate enough to have been effective in the war (Mindell, et al., 2002). Ac-
cording to the mechanical computing logic of its time, infinite memory is not
possible in a finite space; thus, some had held that a universal calculating ma-
chine - or a universal Turing (1936) machine - would not be possible given our
physical constraints (Borel, 1913). This highlights the significance of entropy,
probability, and compression - the critical measures concerning the limits
to synthetic intelligences and constraining the boundary to all signal pro-
cessing research - so that no one would spend half their lifetime trying to run an
algorithm that simply does not satisfy Shannon’s entropy limit. This also set the
foundation for Chaitin’s (1977; 1994) Algorithmic Information Theory (AIT), one
of the founding fields of AI that concerns itself with the shortest computational
means to express the largest amount of information - it ‘is the result of putting
Shannon’s information theory and Turing’s computability theory into a cocktail
shaker and shaking vigorously’.

2.2 Information Entropy, Energy Entropy, and Design as Decision-making

‘the moment high power circuits are used to transmit patterns or control the

temporal behaviour of machines, electrical engineering differs from com-
munications engineering only in the energy levels involved and applicable
to such energy levels, but in reality [...] not a separate branch of engineer-
ing from communications.’ - Wiener (1942) Extrapolation, Interpolation
and Smoothing of Stationary Time Series

While information entropy measures the limits to synthetic intelligences, a ne-
gentropy approach to information relates a system to its larger environment,
taking a perspective from outside the system. Wiener (1950) shared a belief with
Schrodinger (1944) that within a world which always decays into chaos, living
beings always strive to minimise entropy through the creation of information, as
exemplified by the incremental thought experiment ‘Maxwell’s (1871) demon’,
correlating information entropy to energy entropy. Meanwhile, Einstein (1905)
proved the existence of atoms using Brownian motion, and Schordinger was in-
vested to question why physicists were able to explain a lot of things that happen
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Fig. 4. Anillustration of
Maxwell’s Demon. Image
source: Alyssa Adams.

at the very large scale, like astronomy, but are not able to understand things
that happen at the electromagnetic scale, like socio-biology, and to the atomic
scale, the quantum mechanics; most importantly, understanding across scales.
Schrodinger suggested a ‘naive physicist approach’- while not every phenome-
na can be understood through their causal relationships, instead, they may be
understood by their correlations. He stated that ‘physical laws rest on atomic
statistics and are therefore only approximate, and their precision is based on the
large numbers of atoms intervening’. Thus, our physical laws at the macro-scale
are actually just an approximation of what is happening at the micro-scale. This
is a formulation for the study of complex systems by their correlation.

Schrodinger (1944) described this as the ‘discontinuity of mutations’, and
he moved on to stating a ‘remarkable general conclusion’: the collapse of possi-
bilities produces order. But what does order mean? According to the second law
of thermodynamics, the level of disorder of any isolated system always increas-
es. If we imagine a system of gas without any external input of energy to hold the
molecules together, molecules naturally dissipate and sparse out. The measure
of the amount of unavailable energy to do useful work is a measure of entropy.
Looking at sociobiological systems like our body, it doesn’t simply disintegrate
when it’s living, Schrodinger concluded that ‘/living beings] feeds on “negative
entropy” [...] evades the decay to equilibrium [...] organisation [is] maintained by
extracting “order” from the environment’ - the export of entropy, the minimisa-
tion of disorder or ‘free energy’.
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In the context of design, order does not necessarily imply a cartesian grid, but
the extraction of information - a statistical boundary to a system: to first
measure the amount of possible arrangements in the state of a system, to
first approximate how much isn’t being known, to first design a measure of
uncertainty. Schrodinger (1944) put it very poetically ‘much more important for
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Fig. 5. Schrodinger’s (1944)
formulation of how living
beings, different to other
forms of thermodynamic
systems, are negentropic.
Image source: AZ Quotes,

OER Commons, Adobe Stock.

us here is the bearing on the statistical concept of order and disorder’ - a ‘statis-
tical meaning of entropy’.

S = k‘bll’lﬂ

S = entropy
kb = Boltzmann constant

In = natural logarithm

Q = number of microscopic configurations

In Schrodinger’s (1944) ‘entropy = k log D’, K is a constant, D is a quantitative
measure of the disorder of a system; the logarithm of D increases with D. The
left side to the formula is the macroscopic observation of a system; the right side
is ‘the microscopic view based on the rigorous treatment of a large ensemble of
microstates’. In 5 symbols, the equation provides a descriptive linkage between
macro and micro - a means for us to comprehend across scales. Understand-
ing the entropy of a system enables us to derive how much energy we have to
input to a system in order to achieve a desirable state; identifying the means of
input and describing the evolving state of a system is the act of design as deci-
sion-making, providing us a means to correlate information with energy.
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2.3 Interpolation, Extrapolation, and Choices

In the matter of extracting statistical boundaries, Wiener (1950) mapped the ex-
tent to decision-making within time series, which are ‘sequences, discrete or con-
tinuous, of quantitative data assigned to specific moments in time and studied with
respect to the statistics of their distribution in time [...t[he closing price of wheat at
Chicago, tabulated by days, is a simple time series’. This forms a feedback loop
between the statistical computation of matter and its material manifestations.

‘The fields of statistical practice in which time series emerge can be broadly
divided into two categories: statistics of economic, sociological, and short-

term biological data on the one hand; and statistics of astronomical, me-
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teorological, geophysical, and physical data on the other.” - Wiener (1950)
Human Use of Human Beings

Wiener categorises time series into short-runs and long-runs. The former ‘forbid
the drawing of conclusions involving [...variables...] at a distant future time to any
high degree of precision’. The overall system goal is to be able to draw some sort
of reasonable expectation for actions to be taken to have an advantage on proxi-
mate conditions based on short-run fluctuations, as in speculative financing. The
latter is typified by ‘long runs of accurate data taken under substantially uniform
external conditions’; in such cases, the question of design lies in taking data col-
lection as a ‘rule’ rather than an ‘exception’.

Discreteness and continuity in a set of data depends upon whether the
sampling is a rule or an exception. A discrete time series is when observations
are taken only at specific times (e.g. when a user logs in); a continuous time
series is when observations are made continuously through time (e.g. Brownian
motion as described by the Wiener process) (Li, 2013). The drawing of a simple
function based on discrete data points is an interpolation, which can act as a
datum to measure disorder or deviations in a system for purposes of entropy.
Concurrently, an extended estimation or projections into proximate futures are
extrapolations, much used in iterative interior reconstruction of digital imaging,
often combined with a priori knowledge acting as datum or an information seed
(Ruchala, et al., 2002; McGlamery, 1973). The compression question of whether
data points can be approximated as continuous, smooth, or possibly periodic
helps to minimise uncertainty of a system by prediction - negentropy.

‘The message itself is a pattern and organisation. In fact, a set of mes-
sages can be thought of as having entropy, just like a set of states in the
outside world. Just as entropy is a measure of disorganisation, the infor-
mation carried by a set of messages is a measure of organisation. In fact,
the information carried by a message can be interpreted as the negative
of its entropy, and the negative log of its probability. That is, the more
likely a message is, the less information it provides [...] This amount of
information is a quantity that differs from entropy only by its algebraic
notation and a possible numerical factor.” - Wiener (1950) Human Use
of Human Beings

To Wiener, information is negative entropy; prediction of less probable
events yields more information (e.g. floods); whereas Shannon’s entropy
holds that the prediction of more likely events yields more information (e.g.
weather reports). The socioeconomic value of (neg)entropy might be reflect-
ed in Shannon’s (1948) use of the word ‘choice’ - ‘can we find a measure of how
much “choice” is involved in the selection of the event or of how uncertain we
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Fig. 6. Prediction with
interpolation and extrapolation.
Image source: Mathlate Pearce.

are of the outcome?’ - information is measured relative to the amount of choices
within a stochastic process. Put simply, compression doesn’t mean less choice,
but through interactions at the horizon of system boundaries, which mediate
between an individual and its environment, the amount of choices become
more apparent. To Shannon’s entropy, the ability to predict the likeliness or
increasing the amount of choices of one’s environment - complex systems
that are chaotic and dynamic in nature - becomes one’s freedom. Whereas
Wiener (1942) gave the example of ‘policy questions [which] do not appear so
generally [as in the case of long-run geophysical data,] the effect of a change of
policy on the statistical character of the time series assume much importance’,
like in short-run socioeconomic or biological data; nonetheless, ‘the problem
of flood control will show [...] the distinction between the two types of statistical
work is not perfectly sharp’, especially in our big data epoch. For Wiener’s ne-
gentropy, if one can predict and preempt one’s opponent’s choices better
than the opponent, it secures one’s freedom, given that one has the capac-
ity to influence decisions.
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The computational history of preemption cannot escape mentioning John Von
Neumann - one of the most all-rounded, interdisciplinary scientists and math-
ematicians of the twentieth century - father of Game Theory and von Neumann
Architecture, and a major contributor to the Manhattan Project (1928; 1945;
1945b). Von Neumann was a strong supporter of ‘preventive war’ - a form of
preemption. Amongst which, the Manhattan Project and the invention of the
atomic bomb is one of the most significant preemptive games in modern his-
tory, where he did ‘crucial calculations on the implosion design of the atom-
ic bomb [...his] mathematical models were also used to plan out the path the
bombers carrying the bombs would take to minimize their chances of being
shot down’ (Standford.edu, n.d.).

Game Theory is the mathematical approach to describing and conceiving
dynamics between competing players, largely applied in fields of sociology, eco-
nomics, politics and warfare (Morgenstern & von Neumann, 1944). Whereas the
von Neumann Architecture is the principle model for the modern formulation of
Central Processing Units (CPU) and digital computers. These two pieces of sci-
entific discoveries advanced the simulation of interactions amongst rational de-
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Fig. 7. John von Neumann,

who is a strong supporter of
‘preventive war’, next to an
electronic computer in 1945;
first nuclear bomb in 1945;
Game Theory modelling of Cold

War; von Neumann Architecture.

Image source: Sothebys,
Kapooht, Cornell University,
Michigan State University.

cision-makers within a game, and were made scalable to geopolitical situations,
including the mathematical modelling of the ‘Cold War interaction between the
U.S. and the USSR, viewing them as two players in a zero-sum game’ (Stanford.
edu, n.d.). Together, Game Theory, CPUs, and atomic bombs gave rise to the
transcendence of conflicts from hot to cold, from the physical to the mathemati-
cal, and threats of mutual destruction from the analogue to digital domains. The
race for preemptive design is as much about the advancement of reality and the
simulations of those realities. Ever since the Cold War, our computational uni-
verse is shown to be one of von Neumann’s and Shannon’s rather than Wiener’s;
it is not until today, with advancements of AI and Web2.0, that we once again
revisit the wonders of cybernetics.
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3. Preemptive, Speculative, and (Neg)entropy Design
3.1 Neg/entropy Design

Shannon was indeed a former student of Wiener, both of whom based their hy-
pothesis of communication theories on prediction and probability distribution
(Mindell, et al., 2002). Wiener (1942) quantified information from another per-
spective - from the time domain to the frequency domain in a time series, making
it easier to zero out insignificant data with simple point calculations, compress-
ing time for prediction. Most notably, Wiener (1933) contributed to Fourier Trans-
form (FT) and Brownian motion, where the time relationships are summarised by
the notion of a state that evolves over time according to some probability distri-
bution. Knowing the state and the entropy measure of a system at any point in
time not only provides a good description of the system at that time, but it does
seem to capture the critical information we need in order to answer questions
about the future evolution of the system (Ng, 2021). This led to Wiener and
Shannon’s similar worldviews, which differ merely by an algebraic sign - in-
formation = +/- entropy.

The design implications of Wiener’s negentropic world view is that our en-
vironment contains no information, but information is always the construct of liv-
ing beings or intelligences. To Wiener, the more information that can be derived
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from a system, the less surprises there are, the less entropy, the more likely one
can predict the opponent’s moves to preempt (e.g. hit one’s target in the war).
Negentropic design can be seen as the extraction of order - drawing reasonable
expectations from predictions, and the action taken to minimise entropy in a
complex system based on information feedback - preemption. Whereas an en-
tropic approach to design can be seen as maximising and measuring the amount
of possible arrangements or choices within a system - speculation. In this sense,
speculation and preemption work hand-in-hand to maximise and minimise en-
tropy in an information system. Take Generative Adversarial Networks (GANSs)
and Wave Function Collapse (WFC) as examples: the former utilises a generative
model to output options and and a discriminative model to preempt the options
until equilibrium; the latter reduces the initial superposition of several eigen-
states to a ‘single eigenstate due to interaction with the external world’, where
the collapsing of possibilities - negentropy - are brought about through the act of
observation (Microsoft, n.d.).

According to Schrodinger (1944) large-scale complex systems increase
in entropy globally, while minimising entropy locally. Such can be achieved
on the edge of a network, much like reflexes on our body’s peripheral nervous
system - the system is smart but not necessarily intelligent. A smart system
is a network of sensing, actuation, and control units that is able to react
based on raw data. Whereas intelligence is the ability to minimise entro-
py through the generation of information, and is able to predict, speculate,
and preempt. Maxwell’s (1871) demon is a form of self-organising intelligence
that illustrates how any complex system, which utilises information to overcome
entropy, should be studied not simply as mechanics but as optics. While intelli-
gence is able to overcome entropy without applying any work (as defined by
thermodynamics), smart is its physical counterpart; the feedback between
smart and intelligent systems is the bringing together of analogue and digi-
tal computation - the union of Wiener and Shannon’s worlds.
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Fig. 8. Wiener and Shannon’s
definition of entropy. Image
source: MIT Museum, author.
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3.2 Speculative Design

Speculative design is the increase in entropy or the maximisation of surpris-
es in a system. It is the investment of resources into assets (tangible or intan-
gible) with the hope of significant gain in the future from short-run and long-run
fluctuations, pertaining to substantial risks for the same reason, just as Specula-
tive Financing. It is to build without formal commitment from any end users, just
as Speculative Construction. It is the computing of tasks in advance to achieve
real-time performance, even though the task may not always be needed, just as
Speculative Computing.

Speculative design can be based on fictional communication in construct-
ing a narrative to illustrate and persuade alternative futures, just as Speculative
Realism (Robin, 2007). Alternatively, non-fictional speculation is defined here
as a ‘naive physicist’s approach’ - Speculative Reasoning. Having learnt the sta-
tistical foundation of one’s sciences, social or natural, one begins to think about
relevant contributions and the best possible way of asking questions, to humans
and computers alike, comparing one’s anticipatory theories with contextual
facts (Schrodinger, 1944). In this sense, it is counterintuitive to the trial-and-er-
ror approach of most machine learning systems nowadays, but one must not
imitate the iterative methods of the computational tools’ if one can’t replicate
their speed in induction; as Carpo (2017) advocated: ‘each to its trade; let’s keep
for us what we do best’. Speculation is a human trade, which can be advanced
with the help of machine intelligence.

In this sense, speculative design is a proto-scientific approach that studies
the ‘normative criteria for the use of experimental technology’, with a genuine will-
ingness to be tested for failures in advancing to becoming real sciences, social or
natural - Speculative Engineering (Brakel, 2000; Bunge, 1984). For instance, in
the field of transistors, many small and medium design firms have the capacity

4
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to speculate on the architecture, but only relatively bigger enterprises can pro-
totype for testing due to the high specifications of fabrication. This exemplifies
the general participatory qualities of the speculative, and highlights the sig-
nificance of collaborative intelligence across scales. Speculative design can
be achieved through intelligent pipelines, datum construction, and information
seeding to bootstrap crowd contribution and enable variational output.

3.3 Preemptive Design

Preemptive design is the decrease in entropy or the maximisation of order
in a system through anticipatory actions taken based on speculative design.
In the case of distributed computing involving a network of autonomous agents
- collaborative intelligence - preemptive design is the interpolation and extrap-
olation based on long and short run statistics in scheduling time and resources.
Interpolation is the compression of high-dimensional data into models that act
as datum in measuring deviation; extrapolation can be used for prediction and
reconstruction of information.

In a distributed network, system capacity rests in the autonomy of each
individual component in how they make decisions - with, without, or partial
memory. Depending on 1) the size of the system, 2) the amount of agents, 3) the
discreteness and continuity of data, 4) the targeted system centrality and 5) scal-
ability, Markov and martingales properties can be used to model system move-
ments and leverage system memory in a large-scale network. Wiener processes
spawned the study of continuous time martingales, it’s property ‘states that the
future expectation of a stochastic process is equal to the current value, given
all known information about the prior events’; as opposed to Markov properties,
where the future is independent of the past given the present - the ‘stochastic
process essentially has “no memory” (QuantStart, n.d.). These stochastic logics
can be applied to preemption within a time-sharing network - many users shar-
ing the computational resources at the same time, where context-switching is
based on a scheduler furnished to the machine (Clark, 1965). As Wiener (1950)
stated, ‘the structure of the machine or of the organism is an index of the per-
formance that may be expected from it’ - prediction can help in estimating the
importance of tasks for scheduling, without complete information for scalability
in large-scale systems - preemptive computing.

In non-preemptive computing, each agent voluntarily yields control peri-
odically but must cooperate for the scheduling scheme to work; it helps to car-
ry out each task to precision with simpler implementation (Boussinot, 2006). It
is often used in memory-constrained embedded systems but rarely deployed
in large-scale systems, as each agent has almost complete autonomy, and a
‘selfish’ agent (e.g. a poorly designed program) may consume all of computing
time (PC, n.d.). Whereas in preemptive computing, the scheduler preemptively

98



multitasks without synchronising to all agents all of system memory, but inter-
rupts tasks to resume them at a later stage for purposes of speed, and is much
used in real-time computing. Much like the logic of speculative computing that
performs tasks, which are not necessarily needed, but may increase overall
system efficiency. Take geometry prediction as an example, voxels as discrete
data parcels paired with a preemptive scheduler can interrupt the upsampling
at any time to distribute computing power amongst several tasks. In such cas-
es, the system is technically distributed, but not inherently decentralised,
where centrality is a matter of design (Ng, 2021).

4. Conclusion

This paper mapped a timeline of events around cybernetics, information and
quantum theories, tying the history of entropy with computation to rethink pre-
emptive and speculative designs. Through theoretical means, this paper aimed
to provoke discussion on the role of information in the collaboration between a
distributed network of human and machine intelligences - collaborative intelli-
gence. In revisiting Norbert Wiener, Claude Shannon, and Erwin Schrodinger’s
thinking, this paper first questioned the difference between ‘intelligence’ and
‘smart’. A smart system is a network of sensing, actuation, and control units that
is able to react based on raw data, whereas intelligence is the ability to minimise
entropy through the generation of information, and is able to predict, speculate,
and preempt. Through the notion of algorithmic information theory (AIT) - a
combination of Shannon’s information theory with Alan Turing’s computational
theory - entropy is defined as a measure of the computational limits to synthet-
ic intelligence, and negentropy is the minimisation of uncertainty in a system
through intelligence.

Wiener defined information as negative entropy (negentropy): the predic-
tion of less likely oranomaly events and the minimisation of uncertainty. Whereas
Shannon defined information as positive entropy: the more ‘surprises’ or disor-
der, the less repetition, the more information in some messages. Within design,
an entropic approach maximises surprises or options in a system - speculative
design that seeds ideas, whereas negentropic approach is the design of order
through defining statistical boundaries, and when all design possibilities collapse
into reality (i.e. implementation or fabrication of design). Wiener and Shannon’s
differing understanding of information also provokes differing understanding in
1) intelligence, 2) design as decision-making, and 3) choice and freedom within
collaborative systems.

Wiener shares a similar worldview with Schrodinger: although energy en-
tropy tends to increase, living beings are the negentropic through the creation of
information - intelligence. This shows a means by which designers may describe
and capture the immateriality of information and their physical manifestation
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through our modes of energy exchange, grounding it within the larger socio-
economic context. Negentropy is the minimization of uncertainty by prediction,
and can take forms of interpolation and extrapolation: the former uses a priori
knowledge to project into multiple future(s); the latter draws functions through
sets of data points to measure expected deviation. While taking into consider-
ation long and short-run statistical works, the overall system increases in entro-
py on a global scale, while minimising entropy at a local scale. As such, freedom
is the prediction of less likely events and the ability in preempting such events.

Shannon’s information theory shares a similar worldview with John Von
Neumann, who is a major contributor to game theory, the invention of CPUs, and
the atomic bomb. Together, these inventions facilitated speculative preemption
games within the Cold War, and gave rise to a transcendence of conflict from
the physical to the digital domain. As such, freedom is the prediction of the like-
liness of an environment, and the maximising of choices and futures in a sys-
tem - speculative design - and preemption is the lack of reason to change only
one’s own strategy after predicting the opponent’s choices, be it natural or arti-
ficial opponents. The value of speculative design is the anticipatory action taken
through design preemption, and vice versa - speculative and preemptive designs
inform one another.
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This paper situates artificial intelligence as a vehicle that can allow human agents
to engage with complex issues such as global warming. Drawing on Timothy
Morton’s conceptualisation of global warming as a ‘hyperobject’ which, by its
very nature, resist knowability on a human scale, I consider the extent to which
AI, when it is itself approached as hyperobject-like, can become a useful medi-
um for engaging critically with the issue of global warming. The argument, then,
is not that AI can make global warming human-knowable, but that through Al,
human agents can access the quasi-unknowability of global warming. I begin by
surveying Morton’s theory of the hyperobject and its valence in critical discourse
on contemporary/digital art, and then explore the positioning of AI as hyperob-
ject-like. This discussion is bookended by analysis of a representative artwork,
Tega Brain et al’s Asunder (2019), which, as I argue, addresses global warming
issues by incorporating Al as a hyperobject-like technology.
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1. Introduction

This paper situates artificial intelligence (AI) as a vehicle that can allow human
agents to engage with complex issues such as global warming. Drawing on Timo-
thy Morton’s conceptualisation of global warming as a ‘hyperobject’ which, by its
very nature, resist knowability on a human scale, I consider the extent to which
AI whenitis itself approached as hyperobject-like, can become a useful medium
for engaging critically with the issue of global warming. The argument at the cen-
tre of this discussion is not that AI can make global warming human-knowable,
but rather that through AI, human agents can access the quasi-unknowability of
global warming. I begin by surveying Morton’s theory of the hyperobject and its
valence in critical discourse on contemporary/digital art, and then explore the
positioning of Al as hyperobject-like. This discussion is bookended by analysis of
a representative artwork — Asunder (2019), created by Tega Brain in collabora-
tion with Julian Oliver and Bengt Sjolén — that addresses global warming issues
by incorporating Al as a hyperobject-like technology.

Specifically, I want to suggest that in Asunder, Al is marked by a poetics of
unknowability that allows the technology to make global warming, which itself
resists knowability on a human scale, more easily graspable for human audi-
ences. Both AI technology and global warming are characterised by extreme
degrees of complexity; nevertheless, Al outputs (such as AI-generated images)
can manifest as relatively accessible and relatable for human audiences, even
when the underlying algorithmic events are non-human-computable. In Asunder,
it is through this twist that the complexity of global warming becomes graspable.

As a conceptual framework for this discussion of AI and global warming
in relation to one another, I rely on a close engagement with the philosopher of
ecology Timothy Morton’s concept of the hyperobject (e.g., Morton 2010, Morton
2013, Morton 2018). Hyperobjects, as Morton defines them, are things that are
so massively decentred, distributed, and complex that humans cannot perceive
and experience them as discrete objects, but only as diffuse, quasi-unknowable
phenomena that are virtually impossible to grasp intellectually, and the work-
ings of which cannot be comprehensively pin-pointed in time and space. In de-
scribing hyperobjects, one of Morton’s main examples is global warming, which
is non-human-computable in its totality even though (or precisely because) it
now completely saturates and co-determines all domains of human perception
and experience. My discussion builds on the suggestion that, more and more, a
similar characterisation can also be applied to AI. On this basis, I want to argue
that when an artwork such as Asunder conjoins Al and global warming, then the
former can help to frame the latter on a human-computable scale. Thus, Al, pre-
cisely because it shares in some of the confounding characteristics of hyperob-
jects that also describe global warming, can help in bringing a knowable shape,
depth, and dimensionality to at least some aspects of global warming.
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After an in initial introduction of Tega Brain et al’s Asunder, in Section 2 of
this paper I consider how (and how well) Morton’s concept of the hyperobject
can be mapped onto AL In Section 3, I return to Asunder to discuss in more
depth how it draws on Al as a hyperobject-like technology to address global
warming issues.

2. Mapping Morton’s Hyperobject to Al (Art)

As noted, Asunder (2019), created by Tega Brain in collaboration with Julian Ol-
iver and Bengt Sjolén, incorporates Al technologies in order to critically address
global warming issues. Presented as a three-channel video installation, the proj-
ect shows the outputs of a purpose-built AI system, which analyses wide-rang-
ing environmental data sources to suggest terraforming interventions designed
to keep Earth inhabitable. As such, the suggestions generated by Asunder’s Al
system respond directly to the catastrophic impact human activity has on the
planet. However, the Al-generated suggestions are no less extreme, and include
things such as the levelling of mountain ranges, the creation of new islands, or
the replacement of entire cities by newly planted forests. These suggestions are
so impossible to implement that they may be taken to amount to nonsense. But
Asunder does not frame AI as unthinking, senseless, or idiotic. Instead, the work
invokes the notion of non-human (artificial) intelligence as a vehicle through
which human audiences can better connect to problems that might otherwise
be too complex, too alien, or simply too diffuse for them to grasp. Since Asun-
der’s Al system renders images of how its suggestions would alter existing land-
scapes, the experience of engaging with this artwork very viscerally renders the
unthinkability of global warming as graspable (although terrifying and uncanny).

Taking Asunder as a point of reference, this section considers the feasi-
bility of mapping Timothy Morton’s concept of the hyperobject to Al in general,
and to AI art more specifically. Throughout, I will weave global warming into my
discussion, both because it is Asunderis main focus, and because Morton uses it
as an ideal example for explicating their concept.

Morton first discussed the hyperobject in the conclusion of their 2010
monograph The Ecological Thought, and has continued to develop it since then,
most prominently in Hyperobjects: Philosophy and Ecology after the End of the
World (2013). The concept has since then been widely embraced by theorists,
for example in the philosophical domains of object-oriented ontology (O00) and
posthumanism, but also in research fields including ecology, sociology, and law,
as well as by artists.

Most generally, the term hyperobject describes a thing which, due to its
extreme complexity, cannot be grasped or experienced as a totality. Morton
connects five core characteristics to hyperobjects: viscosity, nonlocality, tem-
poral undulation, phasing, and interobjectivity. A frequently invoked example
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that integrates all of these characteristics is that of plutonium radiation: it exists
beyond human-computable time-scales (the half-life of the Pu-239 isotope is
24,100 years); it is massively distributed in our environment, to a point where it
can reasonably be said that it simultaneously exists everywhere and nowhere
at all; it is many-dimensional in its interactions with and impacts on the universe
as a whole, without being fully human-addressable; and it manifests in ways (e.g.,
cancer) that point to the underlying hyperobject without ever entirely representing
it. To consider the suitability of these five core characteristics for conceptualising
Al as hyperobject-like, I will here offer a brief discussion of each of them in turn.

2.1 Defining the Hyperobject in Relation to Global Warming and Al Viscosity

As the first key characteristics of hyperobjects, Morton lists viscosity. By this,
the author means that a hyperobject tends to spread on a massive scale, and in
doing so will cling both to materials and to conceptual contexts beyond itself. A
hyperobject, in other words, may end up being everywhere at once, and every-
thing will be inextricably entangled with it without necessarily being felt to be so.
As Morton writes, “The more I struggle to understand hyperobjects, the more I
discover that I am stuck to them. They are all over me. They are me” (2013, 28).
Accordingly, global warming expresses itself in highly localised, temporally spe-
cific ways (e.g., as a sunburn, or as an out-of-season rainstorm, or as the charred
remnants of a tree following a wildfire) that saturate the world so completely
that there is no longer any getting away from its symptoms, even though none of
them can — individually nor collectively — represent the totality of the underlying
hyperobject as such.

In a similar fashion, AI has become so pervasive in contemporary so-
cio-cultural, technological, and political landscapes that it, too, can be under-
stood as having a tendency to attach itself to everything it comes close to. From
the perspective of a human agent situated in any networked part of the world,
today we are fully surrounded by and saturated with AI, and most everyday ac-
tions and interactions enmesh us further with it. AI systems are invading all do-
mains of human activity, from work to play, from psychology to governance. For
much-discussed and well-documented examples, we need not look further than
the ways in which AI channels, shapes, and directs our social media existences;
the ways in which recommendation algorithms can be both based on but also
determinative of our consumer behaviours (to say nothing about our political
perspectives); the ways in which movement through public space is becoming
more and more controlled and prescribed by AI (whether in the form of surveil-
lance regimes, ‘smart city’ technologies, or self-driving vehicles); and so on. In
the profusion of news reporting on how technology colonises more and more
domains of human (inter-)activity, Al emerges as a runaway phenomenon not so
dissimilar to Morton’s viscous hyperobject.
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2.1.1 Nonlocality

Nonlocality, the second characteristic in Morton’s definition, is borrowed from
guantum theory, and refers to the fact that hyperobjects tend towards massive
distribution across time and space, to the point where the nonlocal qualities of
a hyperobject’s entangled existence(s) can outweigh any local manifestations.
Regarding global warming, this means, for example, that even though we have
developed a vast range of scientific tools and statistical protocols to observe
global warming, as hyperobject global warming forever escapes the totalising
gaze of the sensorium we have at our disposal, and is, indeed, “not a function
of our measuring devices” (Morton 2013, 49). It also means that even though
a human agent can have specific experiences in which the effects of climate
change ‘touch down’ in highly specific ways and in a highly localised fashion,
one can never quite definitely put one’s finger on what it is, where it is, or when
it happens in a given ecology.

The simplest way of considering Al in this context is to highlight, again, the
pervasiveness and ubiquity of artificially intelligent systems in the diverse land-
scapes of contemporary networked societies. From the internet of things and
cloud computing to interconnected big data analytics protocols spanning across
different social media platforms, AI matches the characteristic of nonlocality
very well, for example in the way in which it will tend to manifest, from individual
agents’ points of view, in what Morton calls “subjective impressions” that never
represent the hyperobject as a whole. Additionally, quantum computing (espe-
cially its tentative implementations in machine learning contexts; e.g., Schuld et
al 2015) and advances in ultra-highspeed data transfers (which allow for qua-
si-simultaneity in data access from different locations) also approximate the
nonlocal qualities of quantum coherence on which Morton draws in this context.

2.1.2 Temporal Undulation

Morton’s third characteristic is that of temporal undulation, a quality which forc-
es human observers to acknowledge that hyperobjects tend to exist in ways
which transcend human-computable time scales, as well as traditional assump-
tion concerning the fixity, continuousness, and linearity of time-space. As Mor-
ton writes, hyperobjects such as global warming “are time-stretched to such a
vast extent that they become almost impossible to hold in mind” (2013, 58). At
the same time, they exist beyond the conception of time as a linear, unidirec-
tional flow, in the sense that they project time in all directions: for example, the
presence of carbon compounds in the atmosphere is simultaneously a result of
events that occurred over the course of millions of years preceding our individual
lives (e.g., the turning of organic matter into oil in the past), an effect of current
events (e.g., the burning of fossil fuels), and an irreversible marker of events yet
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to come (global warming effects will persist for at least the next 500 years). This
does not mean that hyperobjects somehow contradict temporality or exist out-
side of it; they simply represent “very large finitudes” (Morton 2010, 40) so big
as to become human-unthinkable.

The complexity of AI technology stands in close relation to Morton’s no-
tion of the temporal undulation of hyperobjects. For example, based on the
evaluation of or extrapolation from existing data, AI systems can compute pre-
cise predictions of events that lie so far into the past or in the future that they
vastly surpass the frame of human-comprehensible timescales. Additionally,
the quasi-simultaneous execution of large numbers of calculations of which
advanced computational systems are capable also exerts an inversion of what
Morton describes as the time-stretchedness of hyperobjects: by simultane-
ously generating many outputs on the basis of parallel computing methods, Al
systems can be said to inhabit time-space in ways that, again, confound the
human experience of time.

2.1.3 Phasing

Morton’s fourth characteristic, phasing, refers to the trans-dimensional quali-
ties of hyperobjects, meaning that it is “impossible to see [a hyperobject] as a
whole on a regular three-dimensional human-scale basis” (Morton 2013, 70).
Hyperobjects, in other words, tend to phase in and out of the human percep-
tual range; even if they are within range, only isolated and limited aspects of it
can be perceived by human agents — the ‘full picture’ remains inaccessible in a
higher-dimensional realm. In relation to global warming, Morton here references
examples such as the destruction caused by a hurricane or a period of drought,
but likewise the feeling of raindrops on one’s head. These examples represent
isolated instances where the hyperobject global warming intersects with the hu-
man experiential plane.

This characteristic resonates strongly with the many-dimensionality of
computational spaces within which some Al operations occur. Many aspects of
AI now tend to escape the horizon of human perception and understanding. To
revisit a phrase I used above, human agents can certainly experience the work-
ings and effects of AI whenever it touches down in highly specific ways — but
none of these experiences will encompass a totality of the functions AI now
represents, nor the totality of its material implementations, nor the full extent of
its capabilities or the implications thereof. In this sense, Al can also be argued to
bear similarities to other hyperobjects such as genetic kinship, weather systems,
traditional knowledge, or justice (e.g., Bruncevic 2018).

2.1.4 Interobjectivity
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Lastly, Morton characterises hyperobjects as interobjective. This means that a
hyperobject connects to a multiplicity of other objects and concepts, and will
also connect these to one another, to a point where its existence and signifi-
cance may reveal itself most powerfully in and through these entanglements.
The interobjectivity of the hyperobject global warming is thus expressed in a
multi-dimensional system with a myriad elements, including, for example, crops
that are (or are not) growing in a very specific locality due to raindrops that are
falling in one location (rather than in another) in response to weather systems
that are themselves responding to global shifts in ocean currents. On many lev-
els, this conceptualisation also gives rise to rethinking notions such as causality
or objecthood across and beyond systems of thought that have arranged them-
selves around the presumed centrality of human agency.

The characteristic of interobjectivity somewhat integrates the already-men-
tioned aspects of hyperobjects. In relation to this, about Al it can now be said
that its operations and instantiations are so massively enmeshed with diverse
technologies, places, functions, and purposes, and its actions ripple so perva-
sively through the world as human agents experience it, that the shared space in
and through which human-perceptible meaning flows has come to include many
non-human elements. These entanglements include computer chips, circuit
boards, sensors, data transfer infrastructure, all kinds of input and output devic-
es, as well as the vast range of informational artefacts that form the algorithmic
underpinnings and the outputs of Al systems. In Al contexts, ongoing philosoph-
ical questions about non-human sentience, new kinds of machine personhood,
computational creativity, and, most fundamentally, the nature of intelligence as
such, also figure into this characteristic.

Overall, this brief survey suggests that AI, understood in the totality of
its development trajectories, application areas, underlying concepts, rendered
experiences, and computational as well as material instantiations, does, indeed,
behave somewhat like a Mortonian hyperobject. This is especially true if one
takes into account (as Al art generally does) the public imaginaries informing the
ways in which Al figures across the cultural, socio-political, technical, commer-
cial, and regulatory landscapes that it also shapes so powerfully.

2.2 Hyperobject-like Al

From the foregoing discussion, it should be clear that a correlation between AI and
Morton’s concept of the hyperobject will hold up best with certain — but not all -
definitions of artificial intelligence. A very wide range of definitions of AI are now
circulating in and beyond domains such as computer science, philosophy, law, me-
dia theory, and software studies. Depending on context, these definitions cover a
spectrum from the highly specific (e.g., precise technical description of AI systems
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in terms of underlying algorithmic functions, machine learning models, and data
processing protocols) to the highly inclusive (e.g., definitions of Al that draw on
philosophical perspectives on cognition, perception, or intentionality). Across this
spectrum, it is generally accepted that definitions of AI are context-dependent,
dynamic, and subject to frequent shifts and updates, and that there is no coverall
definition that can meaningfully apply to all existing and emerging contexts.

Since the present discussion focuses on the expansiveness of Al both as
concept and as implemented technology, an inclusive approach is here most
useful. Elsewhere, I have defined Al as “any assemblage of technologies, op-
erations, functions, and effects that can be meaningfully perceived as resulting
from intelligent (including creative) behavior, or which can be identified in out-
puts that are the results of such behavior” (Zeilinger 2021a, 38). This definition
conveys an open-endedness and inclusivity that may by some be perceived as a
shortcoming. I would argue, conversely, that these features help to emphasise
both the complexity inherent in discrete Al systems, as well as the emergent
diffuseness of the concept of Al in the cultural landscape more generally.

In this view, the complexity and diffuseness of Al derive from interactions
between as well as the stacking-up of separate technical elements, ontological
planes, and conceptual vectors. In other words, Al here refers both to process-
es and to outputs that may be impossible to grasp in their totality even when
individual elements (e.g., discrete algorithms or computational routines) are rel-
atively straightforward. The complexity of Al thus emerges in a cascading and
snowballing fashion from manifold interactions between conceptual and techni-
cal constituent elements. For example, it is relatively simple to graps the logic
by which a GAN system generates ostensibly ‘new’ and ‘original’ outputs based
on its access to a dataset of appropriate templates; the same is not true, how-
ever, for the many-dimensionality of data compression and data evaluation that
occurs in Generative Adversarial Network (GAN) latent space.

There are, certainly, some aspects and characteristics of hyperobjects
that do not map perfectly onto AL. For example, as a technology that relies for
its functioning on resources whose stability and availability is subject to disrup-
tion (i.e., electricity, computer hardware, infrastructure, human operators), Al
does not currently correspond well to Morton’s description of hyperobjects as
the “longest-lasting objects” known to humankind (Morton 2013, 85). However,
given the alignments between Al and the characteristics of hyperobjects that
I have outlined, in a discussion concerning issues and phenomena that are so
vast, of such complexity, and so massively distributed that they generally con-
found human-knowability, it is nevertheless worth asking what becomes possi-
ble when we Al is conceived as hyperobject-like. Several possible answers to
this question readily suggest themselves — for example with regard to issues of
AI (un-)explainability and AI (un-)knowability.

A common source of criticism levelled against emerging AI technologies
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focuses on the lack of explainability that often characterises Al operations. The
term generally refers to the ability of a computational system to “provide an ex-
planation for a decision it has made” (Berry 2021, 222). Such an explanation, it
goes without saying, must be human-computable, i.e., it must make sense to a
human observer/interpreter of the operations and outputs of an AI system. Arya
et al (2019), accordingly, count among the “stakeholders” in requests for Al ex-
painability “citizens, government regulators, domain experts, or system devel-
opers.” Without a doubt, requirements for the implementation of explainability
methods aimed at human audiences serve important roles in contexts where
unexplainability could be an undesirable bug (such as biased decision-making
based on problematic datasets or data-labelling practices) or a potentially ma-
licious feature (such as in data-driven surveillance practices and obfuscatory
blackboxing of AI functionality). However, requirements for human-explainable
AI may fail to account for the fact that to some degree, AI’s ability to compute
and signify also arises precisely from the fact that it is not human. An approach
that regards Al as hyperobject-like can therefore accommodate unexplainabil-
ity in some contexts, and it then becomes possible to reconsider, beyond the
anthropocentric notion of algorithmic accountability, the question of what is at
stake when something is (or is not) explainable.

Is an explanation automatically a solution to a problem? With regard to
global warming, it can be argued that efforts at fine-grained explanation can
serve to distract from the overall gravity of this ongoing, all-encompassing
event. The problem of atmospheric carbon dioxide, for example, is a vast yet
easy to grasp aspect of global warming more generally. As such, it frequently
serves as a placeholder for the underlying hyperobject, with the result that
attention shifts from the bigger (potentially unthinkable) issue to graspable
pseudo-solutions, such as carbon credit systems or schemes that allow trav-
ellers to offset the carbon footprint of their air travel by paying for the planting
of trees. (We should note that in this example, the ‘solutions’ offered also shift
the underlying issue from the domain of planetary-scale ecology to that of cap-
italist economy.) In the process, the hyperobject global warming loses depth,
nuance, and urgency, even if aspects of it now appear to have been shifted
to a human-computable dimensionality. In a similar way, strictly enforced hu-
man-explainability of AI can vastly diminish the potential of the technology. For
example, advanced Al systems may now be able to develop proofs for math-
ematical problems that remain unsolvable for human mathematicians. But, at
the intersection of mathematics and philosophy, there is considerable contro-
versy about whether such proofs are acceptable to the research community
(e.g., Tymoczko 1979, du Sautoy 2019). This is because the proofs offered by
Al systems may well be of such complexity that they are beyond the capac-
ity of human agents to check and verify them. The somewhat odd question
this raises is whether a mathematical theorem that is Al-based and non-hu-
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man-explainable can be considered ‘real,” even when it is widely considered
as correct within specialist communities.

The notion of unknowability can open itself up to similar recalibrations
when Al is considered as hyperobject-like. In relation to AI, unknowability is
invoked, for example, in discussions that concern speculations about a be-
coming-sentient, becoming-creative, or becoming-autonomous of AI (Zeilinger
2021a, 68f.). Both science fiction and AI research is full of debates about such
a forking-off of AI from its human origins. Ray Kurzweil (2005), in a typically
anthropocentric mode, has famously described this as the “singularity,” i.e., the
moment when technological advances enter a runaway mode, and ultimately
becoming unknowable, with unpredictable consequences for humanity. But the
term also figures in less dramatic visions for AL. For example, Bringsjord et al
(2001), writing about the possibility of non-human creativity, suggest that an el-
ement of unknowability is a key requirement if we were ever to recognise Al as
truly creative. Oliver Bown has similarly suggested that AI systems may, at some
point, no longer function “in particularly human-like ways” (2015, 18).

Morton describes such developments as the “future future” of objects, in
which they have entered a “radical unknowability” (e.g., 2013, 67). To accept
global warming as hyperobject means that its quality of unknowability cannot
be denied. In fact, in many ways it is precisely this unknowability that deter-
mines everything we can know about global warming. I would argue that some-
thing similar can apply to Al in the contemporary cultural landscape: when AT art
projects suggest that computational systems are ‘hallucinating,” ‘dreaming,’ or
‘fantasising,” often this is done precisely in order to invoke the unknowable and
uncanny, and to apply it to the complex computational systems responsible for
producing the artistic outputs under consideration. I have elsewhere (Zeilinger
20214a, 2021b) commented very critically on AI art that operates in this mode.
But, against the background of my foregoing discussion, I would concede that
a poetics of unknowability conveyed through AI helps to make graspable the
hyperobject global warming. Here, to deny AI unknowability would mean to
drastically diminish the audience’s ability to appreciate the immensity of the hy-
perobject global warming with which the artwork interfaces.

3. Asunder as a Hyperobject-Like Portal to Global Warming

Over the course of roughly the past decade, Morton’s concept of the hyperob-
ject has been embraced not only by researchers and theorists, but also by art-
ists. Thanks to popular proponents such as the curator Hans Ulrich Obrist (see
Obrist and Morton 2014), but also in the wake of exhibition projects such as
‘Hyperobjects’ (2018) at Marfa Ballroom, Morton’s philosophical writing and
conceptual framework are embraced by artists who invoke the idea of the hy-
perobject as a modality for creative expression, as a subject of their artmaking,
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or as an interpretive framework (e.g., Morton et al. 2018; Morton 2021; see
also Part 2 of Bruncevic 2018).

Tega Brain created Asunder in collaboration with Julian Oliver and Bengt
Sjolén as a commission for the Museum for Applied Arts (MAK) in Vienna, Austria.
Premiered as part of the Biennale for Change, the three-channel video installa-
tion has been exhibited extensively since then. It presents itself as an AI-driv-
en “environmental manager” that generates recommendations for terraforming
interventions on the basis of its evaluation of a wide range of “satellite, climate,
topography, geology, biodiversity, population and social media data” (Debatty
2019) gathered in real time. As noted above, many of these recommendations
appear surreal or absurd, and many of them are impossible to implement. The
system might recommend, for example, to relocate entire cities and replace
them with newly planted forests; to redraw coastal lines in aid of flood preven-
tion; or to relocate rare earth mines to high tech factory hubs. In exhibition set-
tings, these recommendations are then rendered visually as AI-generated aerial
views of the altered regions.

Because of the magnitude of the suggested changes and the impossibility
of implementing them by human means, it can be tempting to consider the Al
recommendations as nonsensical. Indeed, it is easy to rationalise the absurdity/
impossibility of the AI suggestions by foregrounding AI’s non-human-ness as an
insurmountable obstacle that prevents the system from recommending mean-
ingful changes. But what is inevitably lost in such a rationalisation is an appre-
ciation of the seemingly beyond-human enormity of the changes that are in fact
now required to counteract global warming. In other words, to interpret the art-
work’s Al system as incompetent or nonsensical from a human, anthropocentric
perspective obstructs one’s view of the vast, almost unthinkable scale on which
human activity now impacts the planet.

At a 2020 Ars Electronica discussion panel specifically devoted to the top-
ic of Al and ecology, Brain suggested that the use of Al systems in artworks
dealing with climate change can represent an opportunity for learning to ac-
knowledge non-human agencies with which we co-exist in the ecosystem that
we are trying to understand and control, and which we are now trying to keep
survivable (Ars Electronica 2020). Put differently: using AI and paying attention
to its functioning and limitations can be a way of addressing humanity’s involve-
ment in and with the hyperobject of global warming, which may work best if AI
itself is situated as hyperobject-like.

In an essay published a year before the release of Asunder, Tega Brain
elaborated ideas that help clarify the conceptualisation of the project. Invoking
the thinking of Katherine Hayles and Jennifer Gabrys, in this text Brain reminds
us that computational models are not just ways of analysing, interpreting, and
representing data, but also have a “powerful world-making capacity” (Brain
2018, 153). As such, they are capable of much more than merely expediting the
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kinds of calculations that end up perpetuating and amplifying anthropocentric
knowledge systems. If that were the case, then AI-driven solutions modelled
on simplifying, anthropocentric systems thinking, when applied to ecology, may
achieve little more than what Donna Haraway has called an “informatics of dom-
ination” (cit. in Brain 154). Yet, as the title of Brain’s essay notes, “the environ-
ment is not a system,” and systems thinking may be missing the point when it
comes to using Al to explore the realities of and solutions to ecological crises
(see Walsh et al 2020 for an approach that may be straddling this line).

As in my example of atmospheric carbon dioxide, where pseudo-solutions
such as the carbon credit system flatten the severity of the underlying issue, so
the ‘smartness’ of Al that applies reductive systems thinking to ecology pro-
duces “a kind of myopia” (Brain 159). It is then impossible to account for the
co-determinative qualities of extremely complex symptoms, causes, and effects
of global warming, for the complexity of the “species entanglements” (153) that
characterise life under global warming, or also for any insights that could be
derived from acknowledging the connections (rather than separation) of humans
and environment. What is ignored, in other words, in an anthropocentric, sys-
tem-oriented AI-driven informatics of domination is the many-dimensionality of
global warming, or, to put it with Morton, the hyperobject global warming as such.

The way in which Asunder incorporates Al resists such simplification and
anthropocentric rationalisation. Through the deceptively simple visuals of im-
possible terraforming interventions, the work reminds us that the most sophisti-
cated calculations may be worthless when they are conducted in an un-thinking
fashion, but also that there are paradigms of the thinkable that go beyond the
human-comprehensible. When Al is considered as hyperobject-like, the experi-
ence of Asunder changes: now, the proposed solutions of the artwork’s Al sys-
tem appear no longer as absurd or nonsensical, but begin to resonate with the
unthinkable immensity of the global warming issues addressed in the project.

Asunder makes no attempt to explain global warming, nor to pull it into a
realm of knowability or offer viable solutions. Instead, it foregrounds AI outputs
that emphasise the technology’s hyperobject-like qualities. As I've suggested,
this is done not in order to mystify AI, but, rather, so that audience members
can more easily grasp, through the quasi-unexplainability of complex Al ‘solu-
tions’ that are impossible to implement, the hyperobject global warming itself. A
question to end on is which other contexts could benefit of a reframing of AI as
hyperobject-like, so that AI may open up new and different ways of thinking with
and through other hyperobject-like scenarios. Specifically, what Tega Brain and
her collaborators have achieved in Asunder with regard to global warming could
perhaps also open new directions in richly debated areas of Al discourse regard-
ing non-human legal personhood, or questions regarding Al creativity.
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E-embroidery:
Soft Circuits Aesthetics
apphed to Traditional Craft

As the tradition of Portuguese embroidery faces a struggle for preservation and
valorization, artistic research can reinvigorate its status in the cultural system,
through an encounter between tradition and modernity. Emerging digital art
practice embodies code as a medium for artistic expression and promotes a re-
casting of both the artisan’s and the designer’s work, pushing them to discover
new domains of artistic creation and to adopt new materials and materialities.

This paper presents a practical enquiry on the application of Soft Circuits
as raw material, tool and content in the process of transforming traditional Por-
tuguese embroidery into digital interactive artifacts, converging Art and Science,
enhancing artisan skills, and dealing with issues of ethics, participation/collabo-
ration, social innovation and, ultimately, cultural sustainability.
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1. Introduction

The symbiosis between art and technology, the reality of Portuguese tradition-
al embroidery and its effort to preserve and enhance it, the reinvention of an
imaginary and the appreciation of artisan skills, ethical issues and cultural sus-
tainability, as well as the paradigm of contemporary aesthetics that, through in-
teraction, lead us to the endogenous experience and reality, compose the axis of
this research. It arises as a reflection on the contribution of electronic materials,
soft circuits specifically, when applied as raw material, tool or content in the sus-
tainability of traditional embroidery from Portugal, redesigned as an interactive
digital artifact in contemporary imaginary.

In this article we analyze the use of soft circuits in digital artifacts, consid-
ering soft circuits both as a resource for e-embroidery and also as an expressive
element of the project in the scope of cultural sustainability. We illustrate with the
presentation of Filozell-e, an interactive digital artifact we produced and exhibited
as part of our practice based research. We discuss the aesthetics of soft circuits
focusing on electronic components specifically designed for wearables and e-tex-
tiles - Lilypad (Arduino)* and Flora (Adafruit)’ - applied to traditional embroidery.
We conclude with a vision for aesthetics in e-embroidery, perceived from process-
es of reinvention, renewal and innovation in the context of cultural sustainability.

2. Soft circuits applied in Embroidery: State of the Art

“Open-source programmers and crafters may seem like they come from different

worlds. Still, the two communities have much in common”, as the Open-Source
Embroidery founder and curator of the namesake exhibition Ele Carpenter states.
This British movement brings together knitters, embroiderers and quilters “who
see parallels between the way they create their crafts and how open-source
software creators share their ideas” (Priya 2009).

Recent developments in physical computing are exposing us to new
forms of use of electronic materials, which reveal a shared philosophy and
methods between craft and technology in its growing applicability in artistic
and cultural contexts.

2.1 Case Studies: Artists working with Soft Circuits embedded in Embroidery

An emerging community creatively explores and shares instructional tutorials
to create flexible circuits or interactive textiles, involving artists and program-
mers such as Leah Buechley and Hannah Perner-Wilson (Buechley et al. 2010;
Perner-Wilson 2014).

In this context, the High Low Tech research group at the MIT Media Lab
(2009 to 2014) led by Leah Buechley and involving artist researchers like Hannah
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Fig. 1. Examples of projects of
the work developed in the High
Low Tech research group.
Source: https://highlowtech.org

Fig. 2. LilyPad embroidery
A Tribute to Leah Buechley,
created by Becky Stern.
Source: https://beckystern.
com/2008/04/21/lilypad-
embroidery/

3. https://research.gold.
ac.uk/id/eprint/3111/1/
osembroidery.htm

Perner-Wilson, among others, explored the intersection of physical computing,
electronic materials, manufacturing processes, traditional crafts and design
(Fig. 1). With the aim of placing computing in new cultural and material con-
texts and developing tools that democratized electronic materials, the main
objective was to involve different audiences in the design and implementation
of their own technologies.

The aesthetics of the e-textiles microcontrollers are progressively making part
of the visible interface, assuming a hybrid aesthetics that combines embroidery
using traditional materials and techniques mixed with interactive electronics
with outputs — lights and sounds, for example — generated by the onboard soft-
ware. Becky Stern’s open-source work (Fig. 2) embedding the Lilypad micro-
controller and sensors in customized embroidery (Stern 2014) is an output at
the crossroads of this hybridization.

Teresa Almeida explores the possibilities of soft circuits as socially engaged
participative activities, thus developing a conceptual framework for a wom-
an-centered approach through a design methodology that embraces practical
interdisciplinary design research, such as working with e-textiles (Almeida 2019).
Group activities become workshops. The objective is to explore electronic cir-
cuits, using technologies for creative expression and demystifying knowledge
of electronics, as can be seen in Geek Art: Needlework, which brought togeth-
er programmers and artisans. Founded in 2005, the Open-Source Embroidery?
movement is made up largely of knitters, embroiderers and programmers. This
social development project grew to support and facilitate the practice of artists
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4, https://vimeo.com/121878247

5. Design Museum (2014)
Hussein Chalayan — profile.
https://designmuseum.org/
designers/hussein-chalayan

who have investigated the relationship of handcrafted embroidery with open-
source programming.

Victoria Bradbury is also a contemporary artist that makes use of elec-
tronic materials applied to textiles to conceptualize her artistic expressions.
With a vast work of participatory and experimental artifacts that stage com-
mon objects, the artist highlights them as tools to explore historical, social
or political systems. An example is the Witch Pricker installation where she
reinvents the witch persecution that took place in 1649 in Newcastle, UK. Vic-
toria explores a new vision of the limits of the traditional with works conceived
in the scope of Maker Culture and combines tradition and technology in new
artistic practices for the 2ist century and its coexistence with established tra-
ditional practices (Bradbury 2013).

The variety of kits available nowadays — where it is even possible to cre-
ate the exact kit with the components needed for each project (Martinez 2019;
Perner-Wilson 2014) — offer alternative opportunities for reinventing and re-
newing traditional materials. The modernization in the way of communicating
Living Wall (Buechley 2010), storytelling through playful interactions using
conductive ink* or the most sophisticated technological fashion projects, such
as the work of Hussein Chalayan® or the project Caress of the Gaze designed by
Behnaz Farahi (2015).

Electronic materials with applicability to textiles through needlework
open up infinite possibilities for the design and implementation of digital arti-
facts, which, when designed under the artisanal aegis, allow the rediscovery of
craft techniques, deconstructing their initial logic, reinventing and introducing
them. In the contemporary imagination, as an example of the digital artifact
Filozell-e described in 3.1. These digital artifacts created from the explora-
tion of soft circuits work with the surfaces of the objects themselves, in the
construction of interfaces that will acquire meaning from the relationship with
the public in space. Sometimes, the system behind the interface is able to re-
act to received stimuli, changing its own state and adapting it to the response
(Neto 2020). It should be noted that works created with soft circuits differ from
common technical interfaces because they have aesthetic or even conceptual
concerns related to the poetic project of a craftsman/artist.

Today, with computing through the use of sensors and other programmed
interfaces with algorithms and associated with the artistic object, issues relat-
ed to reality, representation, illusion, landscape, space, shape, color, texture,
movement, composition and content that permeated pictorial production and
sculpture for centuries can continue to be approached in different ways in the
work of art. The use of technology and soft circuits thus work as inducers of
aesthetic possibilities through their ability to articulate space, time or ideas in
the development of functional conceptual interfaces or aesthetic enjoyment
that characterize contemporary art.
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2.2 Traditional Embroidery: the Portuguese Case

Over the centuries, the traditional embroideries of Portugal were considered
symbols of wealth, power and a reference of social class. As a textile art, they
have always represented a considerable weight in the economic activities of the
environment in which they operate, even if they are conditioned by the types of
raw material available. In Portugal, each region has its own embroidery style,
which incorporates the culture, environment and images of its history and tra-
dition (Pires 2009). The technique and imagination of the raw material and the
narrative are transferred from generation to generation. The embroiderers re-
ceive this legacy from their childhood family, finding the feminine world in their
embroideries. These first assume themselves as artisans and only later, in rare
cases, as artists or creators. The surrounding space, that internal image that
is so present in your memory, is transferred to paper, then to fabric and takes
shape with the needle and thread. It arrives at this stage, loaded with symbolism
and narrative.

Currently, the following embroideries are registered in Portugal: Embroi-
dery of Arraiolos, of Nisa or Alinhavos of Nisa, of Castelo Branco (Pinto et al.
1992), of Caldas da Rainha (Carvalho 2019; Tavares 1999) or of D. Leonor, of
Airaes, of Filé, of Tibaldinho (Pereira 2017; Teixeira 1998), of Guimaraes, of Vi-
ana do Castelo, of Madeira and of the Azores. Although traditional embroideries
have a conceptual basis inspired by the cultural and traditional ambience of the
area where they are located, the traditional embroideries of Nisa, Guimaraes,
Airaes, Tibaldinho and S. Miguel (Azores) exceptionally display themes that are
mostly vegetal. This focus on floral elements was particularly inspiring for the
creation of the artistic project that will be described later on (see 3.1). The tra-
ditional embroidery of the island of Faial stands out, using straw collected from
the environment as raw material (Silva 2006).

The predominant base in traditional embroidery is linen and cotton; the ex-
ception is the Arraiolos embroideries (produced on “jute”) and the Filé embroi-
deries (produced on net constructed using knots and fixed in wooden frames).
As for the stitches used, these are repeated in the different embroideries, stand-
ing out as predominant: the full stitch, the sieve, the cord, the open hem, and the
flower stitch (Magalhaes 1995).
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Table 1. Certified embroidery in
Portugal: summary of the main
types and its characteristics.

Embroidery style

Allusive image

Most evident features

Embroidery
of Arraiolos

https://go0.8l/INvpxp

With an ancestral history,

% Arraiolos embroideries were

grouped into three epochs, the
current one being characterized

* by simplification of motifs, ge-

ometrization of shapes, creation
of patterns, monochromatic
and low-contrast polychromat-
ic combinations. The base is a
natural fiber and the wools are
colored, have a larger gauge
and a special twist in order to
be resistant to use.

Embroidery
of Nisa

The Nisa embroidery are

| embroidered in white on linen

cloth or sieve-embroidered
cotton, which gives them
great resistance.

The theme is mostly vegetal,
with floral and natural motifs.

Embroidery
of Castelo
Branco
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https://goo.gl/udwbv2

The Castelo Branco embroi-
dery involves a very specific
symbolism: the two-headed
bird represents two souls in

a body, the trees represent
life, the carnations allegorize
the man, the roses the woman,
among others. It is made with
the linen stretched in a circular
or rectangular frame. The most
common stitch is the loose
stitch or wide stitch.



Embroidery
of Caldas
da Rainha

~ Initially with linen threads, dyed
by cooking in teas of different

~ plants and flowers of carquejaq,

~ which gave them the uncertainty
of the color and the tint. Current-
ly, the three-tone cotton thread
is embroidered on fine-textured
linen fabric. It takes the form of
an arc, spiral, angles, repetitions,
hearts, respecting the symmetry
in all imagery.

https://goo.gl/3hzI8u

Embroidery S S Shape of sieves and open hems.
of Airaes e e A The fabric to be embroidered

: ! is usually linen or chambray.

§ Cotton yarn is the most used

i regarding the velvet stitch of this
~ typology. The motifs are related
to the fauna and flora of the re-
gion, namely the grape bunches,
cob, floral compositions, butter-
flies, fish and bows.

Embroidery
of Filé

% Filé embroidery makes use of a

" net as a work base, and is made
from raw or white yarn. This net
features small squares that vary
in size according to the intend-
ed work. Solid stitches, cross
stitches and the finishing stitch
are used.

https://goo.gl/4Aadw6E

Tibaldinho embroideries are
harmonious and predominantly
white, on linen. They use open
and solid stitches, such as the
cord stitch, cutout stitch and
sieves. Decorative motifs choose
the arch in terms of the cutout
and borders of each theme that
form circles, spirals, loops, stars
and sieve in geometric shapes.

Embroidery
of Tibaldinho
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Embroidery
of Guimaraes

https://goo.gl/mY3gZb

With industrial linen as a sup-
port, the composition focuses on
the local fauna and flora, birds,
flowers, stars, borders and bows.

The compositions are embroi-

dered with DMC cotton thread
and in monochrome in red, blue,
beige, white, gray and black.

Embroidery
of Viana do
Castelo

%y The base is handmade linen and

https://goo.gl/oM1kh8

DMC cotton lines, in white, red
and blue, are the most used.
Other materials are wool and
golden thread cord to outline

B the designs giving them more

emphasis. Recently, the golden
thread has been replaced by a
white thread, linking the main
designs together by branches,
curls, brambles and angles.

Embroidery
of Madeira

https://goo.gl/gfxyXH

' Madeira embroidery is crafted

on linen, silk, cotton or organdy,
and the most used stitches are
buttonhole, richelieu, flower foot,
among others. The official stitch
is the “cord stitch” used in the
contours of cutout motifs, on
light textured fabrics.

Embroidery
of the Azores
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b Specificity is characterized ac-
¢ cording to the tradition of each
_ island where they are produced.

' The Island of Sao Miguel rec-

i

https://goo.gl/IJR2ZBi

I
we \g'e,' i
.~ i
)

https://goo.gl/YPHwhm

, reates, in hues, asymmetrical

floral elements such as clovers,
ferns, branches and some birds,
inspired by the decoration of
Chinese tableware. It uses two
shades of blue, cotton thread
on linen, cotton or white
chambray fabric.



Fig. 3. Microcontrollers and other
series electronic components
applied to e-embroidery:

Lilypad Arduino and LEDs, RGB
LED, buzzer and vibe board (left);
Flora Adafruit and LEDs (right).
Source: paper authors.

6. https://fritzing.org

7. https://www.tinkercad.com/
things?type=circuits

2.3 Electronics applied to Soft Circuits

In e-embroidery, physical computing takes place through hardware and software
specific to its design, requiring code design with experimental flexibility, with its
subjective dimension of creativity directly impacting the type of aesthetic object
produced and the response provoked by and in the participant. Regarding the
soft circuits as potentiators of new contemporary aesthetics, we highlight the
characteristics of the LilyPad and Flora microcontrollers. This type of hardware
consists of prototyping platforms based on the principle of inputs and outputs.
Inputs can be used in the form of a button, switch or sensor. Data from sound,
movement, temperature and light can be processed by the microcontroller, in
the same way that it allows connecting a large number of inputs and simulta-
neously controlling a large series of production outputs — light and movement
or more complex outputs, such as sending short SMS messages. Both brands
offer various electronic components and conductive wires, which can be used
as soft circuits, combined in traditional craft processes (sewing, fashion design
and textile design) with electronic engineering, computer science and hardware
skills. Interactive embroidery uses these e-materials as a resource, insofar as
they articulate with the environment, communicate through interactive multi-
purpose languages, establish conceptual dialogues, acquire new functionalities,
prove to be challenging in the tracing of the creative imagination and indicate a
shift towards the artistic system of interactive or responsive interfaces to the
medium, part of a digital culture oriented towards the visual, sensorial and non-
linear, where the user is the context of the work of art.

B
T

- --: e = h
ﬁ DPLDiFéAﬂ:AdW %
5 g

The software used to program the e-embroidery interactive subsystems is the
Arduino IDE. For the schematic design of the circuits and systems and to sim-
ulate the functionalities it is possible to use tools freely available online, such
as Fritzing® or TinkerCad’. Fritzing is an open-source software, specific for the
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design of electronic circuits in an accessible and creative way, presenting them
in schematic or breadboard form. Both applications contain several icon librar-
ies alluding to different components from different brands and the possibility of
processing diverse Arduino board versions. By building creative interaction sys-
tems and enabling users to previously test, these tools allow users to document
their prototypes, share them with others, teach electronics in the classroom and
test the system layouts they build.

3. Artistic Practices combining Portuguese Embroidery and Soft Circuits

When we combine electronic materials with craftsmanship, we explore elec-
tronic components, using abstract schemes with applicability to traditional or
common materials. Thus, Turkle and Papert (1990) “interactive crafts suggest
alternative physical, intellectual and cultural paths for electronic materials”. Ac-
cording to these authors, supporting different styles of approach is important not
only for cognitive but also emotional reasons. Our research with young students
(graduates in Basic Education), illustrate how they derive pleasure from the way
of working with handicrafts, reinventing it in terms of exploring new technolog-
ical materials, using different textures, innovating in the aesthetic, expressive
and functional aspects, recording the importance of preserving knowledge and
the mental challenge that the application of electronics requires.

As for e-embroidery, we mean textiles embroidered with conductive thread,
conductive fabrics, conductive fibers and/or the integration of technological ma-
terials in non-conductive fabrics (Bost . and Crosetto 2014). Embroidery using
soft circuits with applicability in textiles should consider the indications illus-
trated in figure 4: (1) start by threading a needle with the conductive thread that
currently appears as a stainless-steel thread wrapped in cotton. Pull the thread
through the eye of the needle to a length of 30 cm. Tie a knot at the end of the
thread. (2) Thread the needle through the back of the fabric, adjusting the knot
securely. Push the needle through the fabric again, approximately 5 mm away.
This time, the needle moves from the front to the back of the fabric. (3) At the fin-
ishing knot, bring the needle to the back side of the fabric through your last stitch.
Finish with a small loop of yarn on the fabric surface. Seal with a little glue or nail
varnish to prevent the lead wire from stretching and altering the conduction. (4)
In the textile article, the embroidery is constructed on a design from the back of
the work, preferably on a self-adhesive non-textile fabric, making the certifica-
tion of the connections between the assembly of each component, individually
and progressively. Our experimentation led us to the conclusion that traditional
embroidery must be performed on the front of the fabric, in a stage prior to the
assembly of the electronic system. Figure 4 shows the technique used in sewing
soft circuits to the textile.
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Fig. 4. Technique of Sewing

electronic materials to textile:

1. Preparation of materials;
2. Base design and basting;
3. Sew of an LED; 4. Node
sealing; 5. Current control
after each turn on. Source:
paper authors.
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3.1 The Filozell-e Interactive Artifact

The interactive digital artifact Filozell-e is presented in the form of an embroi-
dered and painted linen tapestry. It supports two microcontrollers and a num-
ber of actuators that, as programmed, respond to two sensors — proximity and
ambient sound. The conceptualization of the project is based on three realities:
symbiosis between design and technology, which results in original artistic ex-
pressions within the scope of creativity and aesthetics; interaction between
humans and machines through interactive communication, seeking to explore
the improvement of communication between them; and the reality of tradi-
tional embroidery that fight for its preservation and valorization, in this case
applied to the culture of Santa Catarina da Fonte do Bispo, Tavira, Portugal.
These themes are the foundations for the research that served as the basis for
the design of the project, which studies how the new aesthetics of Digital Art
can contribute to reactivate the interest and enrich the Traditional Embroidery
of Portugal, deconstructing its logic, thus reintroducing embroidery into the
contemporary imaginary.

Concept design included sketches and varied designs, which allowed
us to envision different possible embodiments for the starting idea, in the
sense of establishing an initial attempt that would be part of a more complex
final composition.

The first step to materialize the abstraction of the concept in a tangible
structure in perspective was a photographic documentation of the autochtho-
nous species of local flora at Santa Catarina da Fonte do Bispo, Tavira, Portugal,
followed by graphic sketches, the simplification by leveling the design of the spe-
cies and color studies (Fig. 5).

The design of the experiment took into account important aspects of hu-
man nature in terms of stimuli and attention, considering knowledge and skills
in areas such as perceptual psychology, science of cognition, environmental de-
sign, haptics, informational content design, interaction design, heuristic comput-
ing and design thinking.
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Fig. 5. Photo to document
autochthonous species of
flora in the region of Santa
Catarina da Fonte do Bispo,
Tavira, Portugal, (the Cardo,
Cynara Cardunculus) and its
simplified graphic sketch.
Resulting design was simplified
by leveling the species design
and color study, distinguishing
the different shades that

were applied in the final work
(dimensions 1000 mm x 1500
mm). Source: paper authors.

Fig. 6. Sequence of the pattern
design on the fabric (left) and
hand embroidery applying

the Pé de Flor stitch (right).
Source: paper authors.

Fig. 7. Implementation of
Arduino electronic circuits
(left), testing the response of
the actuators to the data sent
to the microcontroller by the
ambient sound sensor. Details
of technology integration:
application of Neopixel Flora
and interaction with a motion
sensor that activates the LED
light by human proximity
(right). Source: paper authors.

The design of the concept, narrative and experience outline was followed by the
development of the artifact, culminating in the realization of the final physical
artifact. This phase included the design of the matrix, the transition from the ma-
trix to the fabric, the outline of the design on the textile, the painting of the tex-
tile, outline of details, hand embroidery, system design, code programming and
physical prototype tests and the production of the artifact exploring functional
and aesthetic considerations, oriented to the realization of the concept.
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Fig. 8. Visitor interacting with
the final version of the artifact
Filozell-e, publicly displayed
at ARTeFACTO 2018, 1st
International Conference on
Transdisciplinary Studies in
Arts, Technology and Society
(right). Source: https://bit.
ly/3LSzOmn

Regarding the implementation of the artifact, technology was then integrated
(figure 7), followed by use and validation of the system and debug tests, planning
of the display of the artifact Filozell-e (figure 8) and finally the deployment of the
artifact as finished work as it was presented in public exhibitions.

3.2 Streamlining Embroidery and Building Community Workshops

Soft circuits applied to traditional embroidery propose to conceptualize new
poetics, new functionalities and contribute to new forms of dissemination and
promotion of local populations. The progress of the research is currently fo-
cused on the design of a set of guidelines and its implementation towards a
new embroidery operationalized in participatory environments and work with
the community.

Seeking to return and expand artistic practices to the communities of
embroiderers and digital artists, we planned and promoted a workshop on the
theme “Soft Circuits in Traditional Embroidery: Reinvention of an Imaginary for
Sustainability”. In an initial phase, the activity was planned to stimulate a group
of students in the last year of the Degree in Basic Education. The concept was
presented, and students’ suggestions were considered, so adjustments were
made in order to optimize the learning curve with a public that is usually un-
familiar with physical computing. From this experience, the workshop will be
optimized in order to expand to local communities where traditional embroidery
is practiced, seeking to attract multidisciplinary audiences and bring together
different generations - usually older participants hold traditional knowledge and
the younger ones contribute by learning the technologies that are needed to im-
plement the desired interactive prototypes.

The implementation of the laboratory work, which resulted in a set of sam-
ples that served as motivation for the workshop, was based on sustainability at
the cultural level (to the extent that we meet the past, we rely on existing visual
metaphors resulting from traditional knowledge), environmental (we make art
inspired by the surrounding environment and with zero waste, collecting tradi-
tional embroidery, with the possibility of reusing the materials in artistic works)
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Fig. 9. Exploration of
technological materials

and sewing microcontrollers
in embroidery. Source:
paper authors.

Fig. 10. Exercise development
8: Lilypad, temperature sensor
and Lilypad leds that light up
when temperature decreases.
Source: paper authors.

and economic (in a well-implemented system, it could be a source of income for
embroiderers/digital artists).

As main objectives, the production of sustainable art stands out in this
context, combining traditional materials and techniques with electronic compo-
nents, reinventing embroidery in a sustainable way by proposing its reintroduc-
tion into the contemporary imaginary.

With this laboratory activity, we intend to address the potential of soft cir-
cuits applied to textiles, in terms of their innovation and reinvention of an imag-
inary. We proposed to study the articulation between electronic materials and
traditional embroidery, the innovation of emerging proposals, their importance
in contemporary art and the conceptual and constructive aspects linked to sus-
tainability. The embroideries that served as the basis for exploration during the
workshop were selected according to the following parameters:

% Hand-embroidered proposals;

x  Embroidered pieces with ancestral essence in terms of design or fab-
ric (preferred options were cotton or linen);

x  The preference for embroidered pieces in which there was an emo-
tional or conceptual involvement.
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All participants showed interest and taste for learning about this topic, and a lot
of motivation for a future application, suggesting hypotheses for application and
exploration during their professional activity as basic education teachers. The
sustainability of interactive embroidery was also a matter of interest for future
study and experimentation. In order to minimize the biggest problem experi-
enced in this workshop, specifically the lack of knowledge of the sewing tech-
nique and stitches used in embroidery, it was suggested by the participants that
in future workshops, invitations should be addressed to embroiderers in the area
or family members of the participants.

Participation would then become a means for the exchange of knowl-
edge between traditional embroidery and new technologies, as the technique,
imagination, raw material and the narrative have always been passed on from
generation to generation. Traditional Embroidery is a legacy inherited from the
childhood family, so narratives are loaded with symbolism created by ances-
tral generations, internal images resulting from experiences passed on to paper,
then to fabric and finally take shape with the needle and thread. These intergen-
erational bonds are an area to nurture in future iterations of our research.

4. E-Aesthetics towards Cultural Sustainability

By nature, traditional crafts integrate references to their environment and com-
municate cultural values and social realities. The creative exploration of these
culturally rooted practices with the possibilities of soft circuits has given way to
intergenerational exchange, thus leading to the preservation of memories and
revitalization of traditional crafts.

In this scope, a digital artifact — Filozell-e - was created and implemented
using soft circuits applied to textiles. It can be conceptualized as an invitation to
interactive experiences with the realities of the surrounding environment.

Complementarily, the workshops on interactive embroidery have been ex-
ploratory activities that contribute to validate the research in terms of cultural
sustainability, insofar as we meet the past, and for the recognition of the other,
their experiences and choices, collecting and choosing the objects that serve as
a basis for the creation of visual metaphors from the reinvention and renovation
of existing embroideries. This social extension also proposes to contribute to
the guidelines for the development of populations and rural spaces, associated
with principles of economic sustainability in terms of the circular economy and
creative industries.

Based on the feedback from embroiderers, students and users, ideas have
been confronted, from which we conclude that the works of art that make use of
the combination of technological materials with embroidery, are artistic explora-
tions focused on the exploration of innovation platforms, technology, new con-
struction processes, new approaches and new readings for embroidered objects

131



that are considered traditional. By reinventing themselves, these artworks are
presented as a medium for artistic interfaces that suggest physical, intellectual,
and cultural paths supporting different styles of cognitive and emotional approach.
The resulting artworks create dialogic relationships with the user and the envi-
ronment, suggesting an active participation through touch, approach, response to
light or sound. They remind us of the importance of preserving popular knowledge
through creative and conceptual challenges of creating an artistic nature.

The shift of the artistic object into the cultural system gives purpose to the
sustainable reconversion of societies and brings awareness to the work of arti-
sans as artists. It is then pertinent to carry out new e-aesthetic explorations that
combine traditional and electronic arts, establishing connections where signs of
a collective consciousness become part of our cultural sustainability.
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1. The nature of critical making

Recent artistic practices engage with digital technologies critically and combine
them with physical materials through hands-on making. These modes of artis-
tic production can be described as critical making, as “a general descriptor for
kinds of conceptual-material” (Ratto and Hertz 2019, 19) practices engaged with
critique, digital technologies and non-digital materials. The key research ques-
tions of this paper are: (1) What is the nature of critical making as an artistic
practice? (2) How is critical making distinguished from other forms of hands-on
making? (3) How does critical making as an artistic practice relate to a form of
post-digital art?

This paper aims to answer these questions by starting with an overview
of the term critical making coined by scholar Matt Ratto (2011) who considers it
an educational and pedagogical hands-on workshop. Further on, it analyses the
perspective of scholar and artist Garnet Hertz (2016) in which critical making
is taken beyond the scholarly domain, oriented toward makers and technolo-
gy-oriented artists as a way to introduce critique to hands-on material practices
of physical engagement with digital technologies. Following from this, critical
making is distinguished from the maker movement and attempts to introduce a
critical stance towards it. Critical making is further analysed in the context of the
arts as hands-on material-conceptual experimentation with technologies that
often result in hybrid installations that assemble non-digital and digital technol-
ogies. This potential of critically-made artifacts in the arts is examined in the art
installation Entanglements (2021) by the collective ANNEX.

To conclude, the paper argues that critically-made artifacts in the con-
text of the arts introduce a bifurcation from previous art engaged with digital
technologies that focus solely on the technical possibilities of new media. As an
alternative to new media art practices, critical making approaches digital tech-
nologies through a hands-on material engagement that attempts to convey both
awareness of their technical operations and sociocultural consequences through
a rematerialisation of digital technologies in physical space.

1.1 A brief introduction to critical making

The term critical making was introduced by the scholar Matt Ratto in 2008 to de-
scribe the “combination of critical thinking with hands-on making” (Hertz 2016).
It intended to merge both “critical social reflection and making” as a pedagog-
ical hands-on practice and “material engagements with technologies” (Hertz
2016). Initially, it was intended as a practice for scholars and students who
work primarily in the realm of critical theory and abstraction, ideas, criticism,
text, linguistics and individualism (Ratto and Hockema 2009). Making belongs
to the physical and material domain, as embodied and hands-on practices often
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1. See more about the
pedagogy of critical making
in Ratto (2011) and Ratto
and Hertz (2019).

community-oriented through the sharing of tools, spaces, knowledge and col-
laboration. Ratto and Garnet Hertz associate critical thinking with the Frankfurt
School of Critical Theory and describe being critical as reflexive and hermeneu-
tic or linked to the “goal ‘to liberate human beings from the circumstances that
enslave them’” (Horkheimer 1982, 244: Quoted in Ratto and Hertz 2019, 21).
Following this latter definition of criticality, critical making aims “to reconnect
our lived experiences with technologies to social and conceptual critique” (Ratto
2011, 253). As an attempt to combine both areas, critical making aims to merge
the domains of critical theory and making as an effort to bridge the disconnect

“between conceptual understandings of technological objects and our material

experiences with them” (ibid.).

Consequently, the conception of critical making, as an academic and ped-
agogical workshop that merges criticality and making, is composed of three
stages that do not have a fixed order.* One stage is dedicated to the literature
review and the compilation of relevant concepts. Another stage engages in ma-
terial prototypes through digital fabrication. In this stage, the development of
prototyping “is used to extend knowledge and skills in relevant technical areas
as well as to provide the means for conceptual exploration” (ibid.). And, finally, a
recursive stage that requires a process of reconfiguration and reflection over the
created artifacts to discover “alternative possibilities, and using them to express,
critique, and extend relevant concepts, theories, and models” (ibid.). However,
the focus of critical making is not merely on the resulting artifact, but rather on
the sharing of “results and an ongoing critical analysis of materials, designs, con-
straints, and outcomes” (ibid.). In the words of Ratto, the goal of critical making
is to make tangible the abstract realm of concepts and bring them closer to the
body and not only to the brain, as a way “to make new connections between the
lived space of the body and the conceptual space of scholarly knowledge” (Ratto
2011, 254).

1.2 Critical making as a process-oriented practice

Following Ratto’s conception of critical making, it is also distinguished from criti-
cal design. Hertz explains that critical making is a “constructive process of mak-
ing” instead of merely “building an artifact” (Hertz 2016). Hertz points out that
regular methods for design “often produce systems that lack cultural richness,
emotion, and human-oriented values,” and similarly, engineering “often overem-
phasizes principles like efficiency and productivity that contributes to a consum-
er-oriented culture that overworks, overproduces, and overconsumes” (ibid.).
While critical design is oriented to “building refined objects to generate critique
of traditional industrial design” (ibid.), critical making is a “process-oriented and
scholarship-oriented” workshop in which the final prototypes are considered
traces of the making process (ibid.).
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2. Make magazine popularised
the term maker to “rebrand
and sanitize the term ‘hacker’
to be more acceptable to the
public, schools, and potential
sponsors” (Ratto and Hertz
2019, 22).

In short, critical making highlights a hands-on process-oriented practice
that emphasises critical thinking about technical devices and digital technol-
ogies. This is achieved through the process of making as collaborative, con-
structive and reflective action. To make a precise and defined object is not the
ultimate goal. Instead of being oriented towards a fixed object-based practice,
critical making is a process-oriented practice with an “emphasis on critique and
expression rather than technical sophistication and function” (Ratto 2011, 253).

2. Re-politicising makers and technology-oriented artists

Extending Ratto’s conception of critical making as part of the academic fields
of social sciences and humanities, Hertz understands it as reaching beyond the
scholarly domain. For him, the potential of critical making stems from the “per-
spective of hands-on technology development and studio practice—in makers
becoming more critically engaged with their medium” (Hertz 2016). Critical mak-
ing is directly aimed at the “builders of technology—whether hackers, engineers,
industrial designers, or technology-oriented artists” (ibid.). From this point of
view, the practice of critical making challenges makers to adopt a critical stance
through tinkering and DIY practices engaged with physical computing, materials,
digital technologies and other technical objects.

2.1 The maker movement

Following Hertz’s perspective, critical making is a practice aimed at those who are
immersed in building new technologies to take a “step back and reevaluate the
assumptions and values being embedded into their technological designs” (Hertz
2016). This perspective on critical making has the potential to introduce to the
maker movement a constructive critical engagement with technologies through
the process of making, eventually prompting alternative technological imaginar-
ies. Therefore, critical making challenges the maker movement, often perceived
as a non-critical and leisure time practice popularised by Make magazine? through
“subtracting critical engagement from the [making] process” (Ratto and Hertz
2019, 23). Dale Dougherty, the founder of Make magazine, “describes makers as
enthusiasts who want to explore the possibilities of both new and old technology
(Dougherty, 2012b: Quoted in Dufva 2018, 88). This view of the maker is seen from
the European and North American context, which forked from hacker culture. This
converted making into a popular de-politicised practice merged with traditional
crafts and DIY practices accessible to any person with enough free time. In con-
trast to making as a leisure activity, seen from the European and North American
contexts, in different contexts “making is driven by environmental and economic
conditions of necessity, rather than leisure or profit-driven innovation” (Foote and
Verhoeven 2019, 77),° similar to repair and other DIY cultures.
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3. For example, “Gambiarra” is
a Brazilian expression related to
improvised methods of making
and solutions to solve a problem
with any available material.
Similarly, “Jugaad” derived from
India “is described as a type of
frugal innovation or a ‘hack’”

as a response “to problems
with a creative solution, fix,

or workaround” (Foote and
Verhoeven 2019, 77).

4. Free/Libre Open-source
Software (FLOSS) stands for

“a set of practices for the
distributed, collaborative
creation of code that is made
openly available through a
reinterpretation of copyright
law; it is also an ideologically
charged mode of production and
authorship that seeks to reorient
power in light of participants’
understanding of the moral and
technical possibilities presented
by the internet.” (Dunbar-Hester
2020, 6).

5. Dufva defines creative

coding not “only as an artistic
medium or as a method to learn
computer programming, but as
a process through which one can
comprehend and critique the
surrounding digitalised world
more clearly” (Dufva 2018,

12). It enables “experiential
connection with the digital
processes, providing [...] hands-
on experiences and theoretical
frameworks” (Dufva 2021, 272).
Similarly, the scholar David

M. Berry rejects the notion of
“software immateriality” and
argues for code “as a medium
materialised into particular
code-based devices” (Berry
2011, 10).

Making as promoted by Make magazine is criticised by the scholar Tomi
Dufva as a “continuation of the neoliberal agenda” (Dufva 2018, 89). Without
a critical perspective, making is merely another hobby and a “new commer-
cial trend” (ibid., 90) for-profit driven where making takes a commercial path
into building consumer commodities of handmade items within the creative in-
dustries and start-up culture. Therefore, critical making attempts to challenge
this and introduce a “sense of criticality back into post-2010 maker culture: to
un-sanitize, un-smooth and re-politicize it” (Hertz 2016).

Critical making and the maker movement explore and propel new forms
of engagement with hardware and material expression together with FLOSS*
and creative coding practices.® The choice of a tool or a medium for the creative
process can be considered political expression. But, as Hertz rightly asks “after
learning to use a 3D printer, making an LED blink or using an Arduino, then what?”
(Hertz 2012). The next important step for critical digital making is to ask “ques-
tions about the design, purpose, and cultural value of created things [...] [in] the
process of making” (Ratto and Hertz 2019, 23).

Dufva argues for another perspective of the maker as “a societal and po-
litical movement, closely tied to hacker culture and open software & hardware
movement” (Dufva 2018, 90). It has proliferated through makerspaces, hacker-
spaces and Fablabs, as community-oriented places where tools and knowledge
are shared (ibid., 89). Adding to this, as scholar Christina Dunbar-Hester writes,
these spaces are not places for job market preparation but rather for community
participation to “experience making as both politicized and distinct from capital-
ist production” (Dunbar-Hester 2020, 143).°

However, digital making is only made possible due to raw material ex-
traction, labour and manufacturing of “cheap hardware from China [that] is
costing someone else their health and soil” (Bogers and Chiappini 2019, 8).
In other words, digital making and its affordable digital tools are only made
possible in a globalised economy with established power relations, one that
relies on the exploitation of workers and the environment. Critical making
takes into consideration the previous aspects to introduce a more diversified
critique of hacking and making which attempts to include not only class and
labour critique but, too, the “transnational political economy of the material
conditions that support Global north” (Dunbar-Hester 2020, 5). By challenging
these material aspects, critical making differentiates from the pre-established
maker movement as it aims to challenge the sociocultural consequences of
digital technologies. In short, critical making attempts to re-introduce critique
to makers as a form to engage with “sociocultural histories and futures, as well
as the environmental and economical implications of digital machines” (Bo-
gers and Chiappini 2019, 8).
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6. Dunbar-Hester writes that
maker and hacker spaces are
seen as sites of “[v]oluntaristic
technology communities [and]
are important sites because
they are utopian spaces where
people play and tinker not only
with technical artifacts but with
social reality, imagining social
relations through participation
in a third space outside work
and home, though they are

in dialogue and tension with
labor market and domestic
economies.” (Dunbar-Hester
2020, 240)

7. The scholar Seija Kojonkoski-
Rannali “uses the Greek

term techne (tekhniké) [...]
understood as a making by hand
[...] it can also be interpreted as
understanding and knowing [...]
techne fuses knowing and doing
into one: problem-solving and
molding of the material, thinking
and motor skills are closely
combined” (Dufva 2018, 91).

8. The concept of
“transindividuation” is for
Stieglers “the process of
co-individuation within a
preindividuated milieu and in
which both the “I” and the “We”
are transformed through one
another. Transindividuation,
then, is the basis for all social
transformation and is therefore
a way of addressing what
happens within education”
(Stiegler and Rogoff 2010).

2.2 Making as embodiment through hands-on approach

Making includes a direct engagement with a different range of technologies,
from affordable “new digital tools, such as 3D-printers or laser cutters or even
biotechnology” and, too, an engagement with traditional handcraft practices
(Dufva 2018, 89). Making is then understood not as a break with older forms
of hands-on material practices for the sake of the new, as promoted by new
media art or digital art practices, but an engagement with both “new” and “old”
media through physical engagement and material experimentation that might
include materials such as paper, textile, clay, wood, metal, glass, stone and even
mass-produced objects or the repurposing of older media technologies.

Making and hacking, as hands-on approaches, “consists of the opening
of both physical (machines) and abstract (software) products, by which a mak-
er gets to know how the products or tools operate by way of doing by hand.”
(ibid., 94-95). In this sense, Dufva quotes the scholar Seija Kojonkoski-Ranna-
li who “relates making by hand to Heidegger’s concept of making (bauen)” in
which “making is not only an act of creating an artifact but that it also includes
aspects of caretaking and belonging to the world the maker creates” (Kojon-
koski-Rannali, 1995: Quoted in Dufva 2018, 91). Therefore, making by hand is a
form of “grasping of the world [...] a core function of being” (ibid.).” Similarly, the
philosopher Bernard Stiegler describes the relation between “to make” and “to
act” meaning “to take one’s dreams with enough force for them to become real”
(Stiegler 2016, 93). Stiegler relates crafting not only to “what makes or fabri-
cates” but “to exteriorize something” which requires action and initiates “one or
more new circuits of transindividuation”® (ibid.). Thus, making by hand is a way
of caring, belonging and “personality transformation: by working materials, the
maker remakes herself” (Nijenhuis 2019, 138). Making can thus be considered a
“form of knowledge creation [that] predates intellectual comprehension” (Dufva
2018, 91). Critical making attempts then to add a sort of reflection and critique
through the iterate process of hands-on making.

In sum, making is understood as a form of embodiment through a direct
intervention that approaches digital technologies from a material perspec-
tive. This can be seen as a way to grasp the disorienting environments of the
post-digital condition, as “the messy state of media, arts and design after their
digitisation” (Cramer 2014, 17). In other words, critical making entails a re-
materialisation of digital technologies as an embodied experience accessible
through a hands-on approach in physical space. Thus, critical making is a form
of being in the world that engages through an iterative process with the mate-
riality of digital technologies and critique that allows a deconstruction of the
hidden values and mechanisms embedded in our everyday technical devices
to expose their pervasivenes.
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9. The abstraction layers of
software and its inner logic and
structures brought a “world
[that] is difficult to grasp or
understand when the user
cannot see how the program is
constructed [...] [proprietary]
software [becomes] a black
box without any access” (Dufva
2018, 94).

10. New materialism is in
general seen here as a reaction
to the decrease involvement
“of matter in the dominant
Euro-Western tradition as a
passive substance intrinsically
devoid of meaning. [...]

new materialists routinely
emphasize how matter is
“alive,” “lively,” “vibrant,”
“dynamic,” “agentive,” and
thus active” (Gamble et al.
2019, 111).

11. For a detailed analysis
on openness and the maker
movement see Saari

et al. (2021).

3. Critical making and post-digital art

The curator Nora O. Murchu describes the critical maker as one who “engages
with the material layer of digital technologies through prototyping to interpret
and to intervene in the values embedded within them” (Murchd 2020, 168). Fol-
lowing this view of the critical maker, Dufva writes that by offering “a critical
understanding of our everyday digital products, making can empower the user
in the digital world” (Dufva 2018, 89). The artist engaged in critical making dif-
fers from merely technical-oriented artists. The critical maker probes technical
objects with a critical and political attitude instead of merely relying on learning
how to handle digital tools or computer programming to create artifacts. The
critical maker is here understood not as a regular user who uses tools as in-
tended, but rather, as a user who not only learns “how the tool works, but also
to hack and reprogram the instrument” (ibid., 95). In this sense, through critical
processes of hacking and making, makers manage to glimpse “inside the black
box and make it their own” (ibid.).” These critical practices attempt to change
power relations and enable artists to take control of their tools of production.
On the one hand, this allows the artist to reconfigure and reinvent digital and
non-digital tools and devices to fit their artistic purposes, instead of handling
a product from its original design instrumentality. On the other hand, the artist
becomes an empowered user “with an enhanced ability to parse the complexity
of our sociotechnical world” (Ratto and Hertz 2019, 25). However, this empow-
erment is far from creating a direct and large sociocultural impact and is better
viewed as micro-politics that consist in taking small steps towards questioning
and disrupting the power relations imposed by Big Tech.

To this end, the critical maker questions the sociotechnical world from an
ethical, critical and collective perspective that attempts to step away from cap-
italist exploitation of proprietary software and consumer-oriented digital tool or
interfaces. A perspective that moves in-between digital and non-digital technolo-
gies and materials as well as online and offline modes of production. As such, the
critical maker creates a kind of post-digital art that deviates from pre-established
configurations of artistic production mediated through digital technologies.

3.1 Critically-made art

The maker acknowledges non-human agency in matter and in doing so the pro-
duction of art engaged with digital technologies is taken from an embodied and
collaborative perspective of human and non-human agents. In this way, critical-
ly-made art can be understood as based on new materialism philosophy,*°open-
ness,** diversity,’> and hybridisation®® of technologies. Critically-made objects
introduce critique and re-evaluation of the impacts of digital technologies and
might result in artifacts such as prototypes, case studies, hybrid installations
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12. See more on diversity

and inclusion issues of open
technology cultures in Dunbar-
Hester (2020).

13. 0On neo-analogue hybrids
and the repurposing of older
media technologies see Ferreira
and Ribas (2021).

14. Critically-made objects
can be “documented online,
exhibited in public art galleries,
or published as case studies

in academic papers—and can
work to expose the hidden
assumptions within the designed
objects around us and be
embedded in technological
systems to a wide audience”
(Hertz 2016).

15. Screen essentialism means
to stay at the surface level

of the screen and its image
output where information is
“disembedded from its material
carrier” (Berry 2011, 36).

and other non-installation formats.** The critically-made artifact unveils traces
of hands-on material experimentation engaged with technologies and critique by
debunking their infrastructures as well as challenges how digital technologies
are perceived in everyday life. Critically-made art introduces new perceptions
that unfold digital and non-digital materials through space as a form to grasp the
sociocultural impacts brought by digitisation.

In the context of the arts, critical making bifurcates from established
forms of new media art that focus solely on the virtual, simulation and abstract
layers of code as a medium, or the zeros and ones. Critically-made art distances
itself from the modernist paradigm of aesthetics pursued by new media arts,
one that focuses solely on the technical possibilities and specificities of a medi-
um. Instead of propagating the tradition of medium-based arts, critically-made
art creates perceptions and affections that result in a sort of impure aesthet-
ics, one that mixes and combines critique, hands-on material experimentation of
non-digital and digital technologies. Consequently, this combination of technol-
ogies and different materials can be understood as hybridisation.

3.2 Post-digital hybridisation

Critically-made artifacts as hybridisation shift art from “an object with a fixed ar-
rangement of meanings, material and aesthetic composition to one that is open
and subject to continuous flux” (Murchu 2020, 166). As such, it has the potential
to “alter everyday situations, objects and rules to build provocations that en-
courage a re-evaluation of technology in culture” (ibid.). This is here understood
as a post-digital hybridisation, a form of post-digital art that critically combines
non-digital and digital technologies, as entanglements of material assemblages
that are reconfigurable and open-ended installations. This emerges in the artis-
tic context engaged with digital technologies as a rejection of new media art and
as a reaction to the post-digital condition where everyday life is pervaded by dig-
ital technologies that have become banal technical gadgets. Critically-made arti-
facts are then a form of post-digital art engaged in hybridisation across different
materials as a tactic that unfolds and rematerialises digital media technologies
through physical space. As a result, these artifacts challenge the dominance
of screen-based art practices to approach digital technologies beyond screen
essentialism.*® By doing so, they expose both “the inner-workings and external
influences to these systems, and their increasing authority in society” (Murchu
2020, 171). As Hertz puts it, critically-made artifacts instantly “hit like an emo-
tional sledgehammer if thoughtfully implemented” (Hertz 2016). These arti-
facts trigger reflection of digital technologies’ effects and render “a provocative,
speculative, and rich vision of our technological future that avoids the clichés of
consumerist-oriented industrial design.” (ibid.). The perceptions generated by
critically-made artifacts engage with post-digital hybridisation through material
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16. The philosopher Jane
Bennet claims that there is a
vitality in materiality, things
have a force of their own, she
calls it “thing-power.” She
writes that “Thing-power may
thus be a good starting point
for thinking beyond the life-
matter binary, the dominant
organizational principle of
adult experience. The term’s
disadvantage, however, is that
it also tends to overstate the
thinginess or fixed stability of
materiality, whereas my goal
is to theorize a materiality that
is as much force as entity, as
much energy as matter, as
much intensity as extension.”
(Bennet 2010, 20).

17. The collective ANNEX works
within the fields of architecture,
art, media theory, computer
science and gaming, it is
composed of Sven Anderson,
Alan Butler, David Capener,
Donal Lally, Clare Lyster and
Fiona McDermott.

18. Further analysis of the
artwork with a methodology
other than the aesthetic
experience would enable
further understanding of

the critical theory explored,
collaborative aspects of the
artists and hands-on processes
of making as well as their social
participation and engagement
with the wider community.

19. Cloud computing is the
dominant business model and
infrastructure of information
technologies on the internet.

assemblages that have a vibrant potential*® to be affective where non-human
forces transform human perceptions, affections and emotions through an art
form that not only critiques or comments on digital technologies but presents a
re-imagination of other possible material conditions and technological futures.

4. Entanglements

As an example of a critically-made artifact in the arts, it is now examined the art
installation Entanglements (2021) created by the collective ANNEX,"” recently
presented at the festival Transmediale 2022 in Berlin, Germany. This artwork is
chosen to illustrate the previous analysis of critically-made artifacts as post-dig-
ital hybridisation. The work is here analysed from the aesthetic experience per-
spective of an audience.’® The installation Entanglements is considered as a
critically-made audiovisual sculpture that creates a hybrid environment and ra-
diates traces of its making and critique through the assemblage of several layers
of physical materials. In the process of making, different materials related to
information and communication technologies have been assembled, including
digital and non-digital materials as well as sound and video in order to unmask
the materiality of the cloud*® and critique of their environmental impacts. In gen-
eral, the work aims to “re-evaluate the utopian fantasy of digital communication
and to reflect on how we live together through data infrastructure, today and into
the future” (ANNEX 2021).

4.1 Grasping the cloud

Entanglements is a large-scale audiovisual sculpture (Fig. 1 and 2) that allows
the audience to enter and experience it from within its circular formation relat-
ing to the campfire?” and data infrastructures. The artwork assembles different
materials, such as network burnt server-racks (Fig. 3), a web of ethernet cables,
coals, fans and media, such as speakers, lights, live cameras and several verti-
cal screens. This form of hybridisation combines the burnt server-racks stacked
up high, entangled with cables linked to the servers to form a messy web, sym-
bolic of the internet. Through a tactile and direct material engagement, the cloud
infrastructure is deconstructed to grasp its materiality as well as to disclose its
local and planetary ecological consequences.

Various screens are vertically displayed and show text generated by ma-
chine learning?* over satellite thermal pictures and videos as well as real-time
thermal video from the installation space. The aerial pictures show data centres
in Ireland,? it is forecasted that by 2027 data centres in Ireland will consume
31% of the total electricity demand (ANNEX 2021). The viewer is reminded of
the environmental consequences of data centres not only through the burnt
server-racks but, too, by generated text on screens such as:
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20. As ANNEX writes, the
campfire is seen here as a
“primitive architectural space
where early human civilizations
formed alliances, built social
networks, and eventually
developed complex societies”
(ANNEX 2021).

21.The screens display text
that was generated by a
“machine learning algorithm
that has been trained on over
10 million words relating to the
field of data infrastructure”
(ANNEX 2021).

22. Ireland hosts “corporate
headquarters of gigantic tech
companies, from Amazon

to Facebook and Google to
Microsoft, [...] Dublin overtook
London as the data center
hub of Europe and now hosts
25 percent of all available
European server space.”
(ANNEX 2021)

Fig. 1 and 2. Entanglements
(2021). Art installation at
Transmediale 2022, Akademie
der Kinste, Berlin, Germany.

This intersection of human, technical, and social aspects of global systems
of production, consumption, and waste treatment is, in important ways,
one of the most dynamic and significant drivers of climate change, and it
has been inextricably with the rise of another facet of capitalist production.
(ANNEX 2021)

The installation is interconnected and controlled through software to generate
the media playback and the composition which lasts about 20 minutes. It trig-
gers sounds, lights, fans, screens and real-time video. It is embedded within
a powerful soundscape of mechanical sounds as well as the sounds of birds,
water and the sea. These sounds are from a grotto where the first transatlantic
telegraph was placed in 1857 on Irish Valentina Island. The soundscape ema-
nates from two large subwoofers, felt through the body, together with speakers
located around the structure. It appears as though the sound triggers white LED
lights that illuminate coals (Fig. 4). On the bottom of the structure and around it
are fans that produce wind when triggered.
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Fig. 3 and 4. Entanglements
(2021), close-ups. Art
installation at Transmediale

2022, Akademie der Kiinste,

Berlin, Germany.

The artwork explores hybridisation of materials in physical space as a critical
tactic to express concerns about the environmental impacts of information tech-
nologies and their ecological footprint with a focus on its drastic amount of en-
ergy consumption and heat generation in maintaining the networked world. The
scholar Sean Cubitt writes that the production of the digital culture and the lo-
gistics of “digital equipment now uses at least as much energy as the airline
industry” (Cubitt 2016, 102). And according to Greenpeace, information tech-
nology companies rely heavily on non-renewable energy sources, such as coal,
to power cloud computing (Cook 2012). All this reminds one that to send an
email, scroll on Facebook or reproduce a video on YouTube or “a virtual fire, such
as Netflix’s Fireplace For Your Home, creates real heat in its production” (ANNEX
2021) that adds to the carbon footprint of the online world.

The installation Entanglements unmasks the materiality of data infrastruc-
tures to deconstruct the data centre, the infrastructures dedicated to store, dis-
tribute and handle data as the basis of the networked society. The materiality
of the cloud is emphasised through hybridisation as a tactic that assemblages
technical objects that compose data centres to critique their energy consump-
tion and residual heat associating the data centres with the production and dis-
tribution of energy infrastructures. As such, the work is here considered as a
critically-made artifact that rematerialises the cloud and unfolds it physically
and spatially through digital and non-digital materials. To conclude, the work af-
fectively points out the growth of global data and its environmental impacts by
unmasking the materiality of the cloud. This critique through material hybridisa-
tion challenges the popular imagination and marketisation of an immaterial digi-
tal culture that is marketed as “independent of material substrate, transportable
on the vague and indeterminate channel of ‘the Internet’ (Parikka 2013).
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23. Science, Technology,
Engineering, Arts and
Mathematics (STEAM).

5. Conclusion

In this paper, the nature of critical making was analysed as a practice that em-
phasises critical thinking about technical devices through the making process.
Inherent to critical making is a pedagogical component that aims to strength-
en technical skill, incorporate critical theory about our sociotechnical world
and promote awareness of STEAM?? in education. Critical making can be distin-
guished from other forms of hands-on making as it re-politicises makers and has
the potential to critically reconfigure the maker movement. This form of making
differs from uncritical-making, leisure-making or forms of entrepreneurial-mak-
ing. Thus, the critical maker is an artist engaged with technologies through cri-
tique and materials who deconstructs the inner mechanisms embedded in our
everyday devices. Critical makers are politically and ethically engaged through
hands-on making which creates community-oriented practices with the sharing
of technical knowledge and a sense of social participation and belonging. These
values and modes of artistic production are distinct from capitalist modes of
production such as labour division, individualism, competition, disaffection and
consumer-oriented commodities of artistic production.

The art installation Entanglements (2021) was examined to illustrate a
practical example of a critically-made artifact in the context of the arts. The in-
stallation suggests hybridisation of digital and non-digital materials together with
critique of the ecological footprint generated by data centres and their sustain-
ability. These negative consequences of environmental pollution brought about
by computational societies are part of a constellation of digital media materiality,
which includes not only electricity production and consumption, but, too, mining,
unfair labour conditions, planned obsolescence, e-waste and other residual ef-
fects from digital technologies.

It was argued that critical making rejects the new media art paradigm and
is instead associated with a post-digital art practice critical about the conse-
quences brought on by digital technologies. As a form of post-digital art, critical
making engages both “new” and “old” media through physical engagement by
hand and material experimentation. Thus, critical making provides a rematerial-
isation of digital technologies in physical space as embodied technical devices
accessible to the hand. This artistic practice is accessible to a wider range of
people than just experts in the field or a niche of new media artists.

Critically-made artifacts are a kind of politicised art that aim to disrupt the
“relationship between the visible, the sayable, and the thinkable without having
to use the terms of a message as a vehicle” (Ranciere 2006, 63). These artifacts
introduce new perceptions and affections that “transmit meanings in the form
of a rupture with the very logic of meaningful situations” (ibid.). As a result of
a new materialist perspective, critically-made artifacts create an impure aes-
thetics based on openness, influx and hybridisation. As hybrids, critically-made
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artifacts result from an interplay with matter, digital and non-digital materials
that blur human and non-human agencies to include the incalculable, or what is
outside the realm of computation.

To conclude, critically-made artifacts reject the rhetoric of immateriality
affiliated with digital technologies and is better understood based on hybridi-
sation, a critical tactic that unfolds the digital spatially. These artifacts have the
potential to influence and transform our affections and perceptions of everyday
life pervaded with digital technologies as well as to unmask the sociocultural
consequences, political, economic and environmental impacts brought about by
digital technologies in computational capitalism.
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Constructive Interpretation
and Text Transformation

This paper considers the project of active transformation of texts through the
substitution of words, for instance by the ‘N+7’ method of the Oulipans, which
replaces each noun in a text by the seventh subsequent noun in a particular
(print) dictionary. This method is conservative in that it only allows for intracate-
gorial substitutions; the present paper aims to extend existing semantic interpre-
tative mechanisms in order to handle intercategorial substitution. A type shifting
system is proposed for this purpose, and applied to an example, followed by
discussion of implications and extensions of the system.
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1. Project

Texts can be viewed as settled, concrete objects. Most literary work is meant to
be a closed and inviolable whole, which is constructed by the author and which
cannot be modified by the reader. This is a fundamentally passive notion of
‘reading” which removes a great deal of agency from the reader, who is not free
to alter the text, rephrase it, or interject their own words or ideas, except at the
level of interpretation. Even there, the understanding of the reader is often called
into question as a misinterpretation, as inconsistent with the source text, as out
of alignment with the intentions of the author. But this way of thinking seems
excessively limiting: reading of course can be a passive activity, but it should,
potentially, also be an active one.

What constitutes active reading in the sense meant here? There are many
ways to actively engage with a text by manipulating it or interpolating new el-
ements with it, as discussed by Goldsmith (2011). One could for instance in-
sert any kind of content: words, sentences, paragraphs; one could lop off large
chunks of the original text, from modifiers up to whole chapters; one could re-
arrange things wildly and make an entirely new story, or introduce a completely
novel and unfamiliar worldview. But these acts are ultimately perhaps not so
different from simply writing entirely new texts. It seems much more productive
and interesting to constrain the process in some way.

With this notion of constraint, I take my inspiration from the Oulipo, a
mostly French collective of writers who imposed constraints on their writing and
on their texts (Becker 2012; Elkin and Esposito 2013; see also Schiavetta 2000
for more on the general notion of constraint employed here). Perhaps the most
famous example of an Oulipan text is Georges Perec’s La Disparition, a novel in
which the letter e never appears, though there are many others, such as Anne
Garréta’s Sphinx, a love story in which the gender of the lovers is never indicated,
a much more difficult task in the French in which the book was written than in
English. A constraint of another type is the so-called ‘Transposition N+7’ invent-
ed by Jean Lescure (Lescure, 2018), in which each noun is replaced by the noun
falling seven nouns after it in the dictionary; this last is closest to what I have in
mind here.

The constraints above are interesting and, at least in some cases, have led to
work of substantial artistic and literary interest. But they aren’t really suitable
for active reading: eliminating every e from a text, for instance, would yield either
a large number of truncated words or require extremely extensive rephrasing,
both of which seem outside the genuine scope of reading as normally construed.
What, though, about Transposition N+7? This constraint seems to have similari-
ties to what has been discussed so far in the present work: transposing and sub-
stituting words. The difference is only that the substitution is sourced externally
to the original text, to the dictionary, so it is in some sense more transformational
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1. The discussion from here
involves the system of type-
theoretic combinatorics

standard in formal semantics:

see Heim and Kratzer (1998)
for an accessible introduction
and Montague (1974) for the
foundational text.

than a notion of reading should perhaps be. I conclude from all this that an inter-
esting constraint to apply to a notion of active reading is that all substitutions and
changes should stem from the source text, which is to say that all material drawn
upon should be text-internal. Of course, this is only one possible constraint, but
it is the one that will inform the text transformations carried out in the remainder
of this paper, and the semantic system that supports them.

There is a fundamental conservatism in the N+7 constraint: it allows only
substitutions of nouns. A slightly more liberal system ‘W+7’ enables substitutions
within any lexical category: verbs, adverbs, and so on. But now consider a more
radical system of active rewriting of texts where any term can be (universally)
substituted for any other. Such a system is likely to produce much more radically
different texts, and texts of radically new types; but there are obvious difficul-
ties. In some cases, such substitutions will not cause problems for semantic
interpretation: for instance, if a nominal like tree is universally substituted for an
adjective like blue, the set of interpretable semantic parsetrees will remain con-
stant, for (on many theories of adjectives, at least) the two both have the same
semantic type, namely <e, t>.* But many other substitutions will lead directly to
problems in interpretation. How is one to interpret a noun or adjective when it is
substituted for a determiner such as every, which are standardly given the type
of generalized quantifiers (i.e. <<e, t>, <<g, t>, t>>), or vice versa? In fact, it is not
so obvious how to interpret strings like Tree every light or Mayonnaise some blue,
a situation which only gets more extreme as complexity increases (Parquet blue
each some and opposition tree or sweet if at).

But if one wants to push the project of text transformation to its limit one is
faced with a difficult choice. One must either give up on producing interpretable
texts, which removes much of the interest of the project (and, arguably, of its
artistic merit, for an uninterpretable literary text is of relatively limited interest
compared to interpretable ones), or one must find a way to interpret strings like
those above. Doing so is the goal of the present work and is carried out in §3, af-
ter a brief explication of the background theory and method in §2. This opens the
Oulipan tradition to a new domain: previous work has applied constraints to text
construction, but only within the bounds of normative interpretations of natural
language. The project reported on here opens the door to a new kind of practice
which functions on an interpretative level.

This goal is of independent interest: what would a language of infinite flexi-
bility look like? What happens when certain constraints on language construction
and structure are eliminated, for instance that only determiners can have deno-
tations of generalized quantifier type? These constraints are often considered
to be empirical in nature, and, construing this term as referring to existing (lin-
guistic) systems, perhaps they are indeed empirical; but there is in principle no
reason other kinds of languages could not exist, and an exploration of the space
of potential systems is interesting in its own right. Further, the construction of
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linguistic and mathematical systems is (to my knowledge) almost unknown as
an artistic practice, possibly for reasons of complexity or the required exper-
tise. This lacuna in the space of artistic expression is one that should be filled,
and, from this perspective, projects of the kind comprising this work is one that
should be pursued for itself, not merely as a vehicle for enabling other sorts of
artistic practice (here: text rewriting and ‘active reading’).

The work described here can therefore be viewed as a first exploration into
a larger domain of abstract and conceptual art taking as its toolkit linguistic and
mathematical systems. But this exploration is, in the present context, mostly at
the service of text transformation, a detailed example of which within the pro-
posed system is provided in §4; the reader who is uninterested in mathematics
is free to skip the previous technical part in favor of the larger project.

2. Background theory and methodology

The system I propose for interpreting texts where unlimited tranformation is al-
lowed is set within a formal semantic system for analyzing linguistic meaning.
There are two main aspects of such systems relevant to the present discussion:
the kinds of things meanings are taken to be, and the way in which they are derived.

Formal semantics has its roots in analytic philosophy, in particular philos-
ophy of language; philosophy of language in turn has its roots in logic. In stan-
dard logics, the notion of truth is fundamental: sentences are taken to denote
truth-values, true and false in the most basic systems, which is then extended
to various other kinds of values in other systems. Propositional logics concern
themselves only with sentence-level phenomena, but first-order logics also
make reference to predications and other things which operate at the subsen-
tential level; still, the fundamental notion involves truth, so subsentential objects
are understood in terms of how they contribute to the truth of sentences. Thus,
the basic first-order analysis of the sentence A badger sleeps can be written
Jx[badger(x) A sleeps(x)] in modern notation, where badger and sleeps are un-
derstood as sets of individuals which are true of the variable x if whatever object
is selected by the variable can be found in the relevant set: the quantifier 3x
then allows modulation of the object the variable selects (via manipulation of an
assignment function), and the whole is true just in case there is some individual
which satisfies both predicates (see e.g. Gamut 1991 for an accessible introduc-
tion geared toward those interested in natural language).

Within linguistics, this background logical framework has been exten-
sively applied in theories of the semantics of natural language which aim at
providing meanings for the infinitude of possible sentences. These theories are
commonly used together with views of syntactic structure in which sentences
are modeled using tree structures, which themselves aim at giving structural
analyses of all possible sentences (see Chomsky 1957 for an early exemplar of

151



such a syntax). The aim is to give a system in which, when two words appear
adjacent together in the hierarchical structure derived from a set of phrase
structure rules (or similar method), the meanings of the two can combine into
a new meaning reflecting both.

In such theories, natural language expressions are associated with math-
ematical objects, their denotations. These objects consist of two elements and
have the form @ : y. Here, the first element @ consists of expressions of the
A-calculus, a mathematical system for representing functions and their argu-
ments (Barendregt, 1981). The leading idea is that when two expressions com-
bine into a larger one, one of them must be a function which takes the other
as argument, yielding a new expression: for instance, in the maximally simple
sentence Elin smokes, ‘smokes’ is understood as a function taking an individ-
ual as input and yielding a truth-value as output, ie. ‘true’ if Elin is in the set of
smokers, and false otherwise; ‘Elin’ is taken to denote an individual.

The second element, y, expresses the semantic type of the object ¢ and
can be viewed as a way of representing the kind of function that it is, which in
turn is understood in terms of the sorts of arguments that it takes. Type theory is
used for this purpose. Here, the type of a function is determined by its input and
output, and in the simplest case are constructed recursively from the elements
e (‘individuals’) and t (‘truth-values’) and functions from one to the other (writ-
ten ‘<o, B>’ for a function from a-typed objects to B-typed objects). The denota-
tion of ‘smokes’, written [[smokes]], for instance, is a function from individuals to
truth-values, and so written <e, t>; ‘Elin’ is an individual and so [[Elin]] is of type
e. A fuller set of types can be found in Figure 1.

1. [[Elin]] =elin: e
2. [[smokes]] = Ax[smokes(x)] : <e, t>

Note that, for any function, the argument it takes must correspond for its input
type for function application to take place; for natural language, that means that
when two words combine, one must be the right type to be input to the other, or
a meaning for the complex expression will fail to be obtained.

With this background, we can start to see the problem that arises with uni-
versal transformations: in many cases, text transformation will result in strings
of words that fail to denote expressions that can combine, because the expres-
sions will fail to have the right types. Consider, for example, the sentence Elin
smokes and drinks, and suppose that ‘and’ requires both expressions adjacent
to it to have the identical type (here: <e, t>). But now suppose we substitute ‘Elin’
for ‘drinks’, yielding Drinks smokes and Elin: ‘Elin’ is of type e, and so the require-
ment of ‘and’ is not satisfied, and the semantic derivation will fail. The problem
of universal text transformation is, in a nutshell, the problem of finding a way to
assign types to lexical items in transformed texts that makes them interpretable
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Fig. 1. Attested types in
natural language.

2. This list is not completely
exhaustive: it ignores several
factors, for instance the
complexity of the adverbial
system (which admits several
other types, e.g. sentential
adverbs) and the existence
of not-at-issue types such

as those used for expressive
content. Extensions to these
domains are, however,
straightforwardly available.

in the semantic system. As we will see shortly, the way in which we do so has the
potential for many unexpected and interesting results, and the further potential
to produce a new space for literary (and other artistic) exploration.

Type Category Examples

e N Tabitha, Elis

t S ‘I like hazelnuts’, ‘You never shut up’
<e, t> N, Adj, V (intransitive) wheatgrass, puzzling, masturbate
<e, <e, t>> V (transitive), P harvest, towards

<e, <e, <e, t>>> V (ditransitive) introduce, give

Le, t>, <e, t>> Adv frenziedly, sadly

<t, <t, t>> Conj and, or

e, t>, e, t>,t>> D every, some

3. System

The most obvious way to universalize interpretation is to allow expressions to
have their standard denotations and to define mappings from them to expres-
sions of other types. Assuming the set of possible types used in natural lan-
guage is finite, we then will have a procedure for interpreting any term in any
position. This simple strategy extends standard work on type-shifting in linguis-
tics (e.g. Hendriks 1993; Winter 2002), with the difference that, instead of us-
ing type-shifters to ‘normalize’ semantic parsetrees by mapping nonconforming
elements of them in a way that yields the expected denotation, we are instead
starting with nonstandard syntactic configurations (or, at least, configurations
in which unexpected elements comprise the leaves of a syntactic tree derived
by familiar grammars) and transforming them in such a way that they yield an
interpretation which might be unexpected or even incomprehensible (though se-
mantically or logically coherent).

Concretizing this method requires starting with a set of semantic types
and providing a system for transforming each of them into all the others. Since
our interest here is text transformations, we need only consider the set of types
attested in natural languages. Figure 1 lists the types that will be addressed in
the work described here.?

For the project, it will suffice to have rules which can transform each ele-
ment into elements of one other type. We need not write rules transmuting each
type into all other types, as chains of type-shifting can be introduced. Some of
the necessary rules already can be found in published work, and we will make
free use of these here. The others — those not needed for practical linguistic ap-
plications, and so not addressed in that literature — must be defined separately.

The strategy of this section will be to use interpretations close to some fa-
miliar ones found in natural language, and to use the simplest possible methods:
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3. The below is only an
exemplar selected from the
domain of possible rules for
each case: for the current
project, it is enough to be

able to derive interpretations,
as opposed to explicitly
making available all possible
interpretations. Again, other
rules can be selected from the
provided sources if desired, or
other kinds of interpretations,
for instance nominalizations of
verbs or adjectives (littering,
blueness) instead of the t rule
(Chierchia and Turner, 1988;
Chierchia, 1998). See the last
section for more discussion
and alternatives.

heavy use of identity functions and indexical substitutions. The last section of this
work will explore more ambitious and wilder possibilities. Let us start with the sim-
plest types, e and t. (3) is a rule which maps type e objects — proper names — to the
sets of individuals named by that term. The existing literature includes many rules
useful for going back and forth from different interpretations of nominals, which
are necessary for the semantic parsing of certain linguistic phenomena; (4) is one
such rule, mapping The strategy of this section will be to use interpretations close
to some familiar ones found in natural language, and to use the simplest possi-
ble methods: heavy use of identity functions and indexical substitutions. The last
section of this work will explore more ambitious and wilder possibilities. Let us
start with the simplest types, e and t. (3) is a rule which maps type e objects
— proper names — to the sets of individuals named by that term. The existing
literature includes many rules useful for going back and forth from different
interpretations of nominals, which are necessary for the semantic parsing of
certain linguistic phenomena; (4) is one such rule, mapping properties to their
associated definite descriptions.?®

3. [[name]]=AxAy[lnamed(x, y)] : <e, <e, t>>
Example: [[name]]( [[Tabitha]])=Ax[Ay.named(x, y)](t) = Aylnamed
(Tabitha, y)]

4, [[A]=AP[x[P(x)]] : <<e, t>, e> (Partee, 1987)
Example: [[t]]( [[mongoose]])=AP[ix[P(x)]](Ax[mongoose(x)]) = 1x
[mongoose(x)]

The strategy in (3) will not work (or not straightforwardly) for adding arguments
to existing types in general. Here we will make use of indexical elements instead:
the standard indexicals tied to the context of utterance familiar from the work
of Kaplan (1989). Adding arguments will amount to the insertion of variables or,
in some cases, indexical elements; removing arguments will amount to the in-
sertion of indexical terms which saturate the argument positions in question. (5)
shifts one-place (intransitive) predicates to two-place (transitive) ones by intro-
ducing an additional argument place associated with a causation. (6) shifts two-
place predicates to three-place ones by adding an argument place for the time
at which the predication holds.

5. [[cause]]=APAyAx[cause(x, P(y))] : <<e, t>, <e, <e, t>>>
Example: [[cause]]( [[sleep]])= APAyAx[cause(x, P(y))](Az[sleep(2)])
= MyAx[cause(x, (sleep(y))]

6. [[at]]=ARAZAVAX.R(y)(x)) at z : <<e, <e, t>>, <g, <e, <e, t>>>>
Example: [[at]]( [[kiss]])= ARAzZAVAX[R(y(x) at z](Ay’Ax’[kiss(x’, y')])
= AzAyAx[kiss(x, y) at z]
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4. In the example in (9), the
predicate is ‘dynamic’, which

is in the discourse context
because of its presence in the
sentence to which this footnote
is appended.

For the lowering side of these, we simply saturate existing positions with index-
ical elements. (7) maps three-place predicates to two-place ones; (8) saturates
an argument position of a two-place predicate. Both of these mappings are man-
aged via the insertion of an indexical element this, the value of which is selected
from available contextual elements as usual with what amounts to a free vari-
able. Further discussion of the role of pragmatic reasoning in systems like this
will be deferred to the final section.

7. [[trans]]= ARAAX[R(this)(y)(x)] : <<e, <e, <e, t>>>, <e, <e, t>>>
Example: [[trans]]( [[give]])= ARAVAX[R(this)(y)(x)](AZ’Ay’'Ax’[give(x’,
V',2")]) = AyAx|give(x, y, this)])

8. [[intrans]]= ARAx[R(this)(x)] : <<e, <e, t>>, <e, t>>
Example: [[intrans]]( [[kiss]])= ARAx[R(this)(x)](Ay’Ax’[kiss(x’, y')])
= Ax[kiss(x, this)

Now we come to rules which have little use in empirical linguistics. The first
rules introduced above are relatively commonly used; the second set can in
principle be useful for things like causative alternations; the third set, while
nonstandard, correspond to cases where an argument is present but unstat-
ed. The rules which follow are needed to ensure the interpretability of all
strings, but result in meanings which don’t really correspond to phenomena
found in ordinary language. This is as desired: we are not especially interest-
ed here in ‘sensible’ semantics, but rather in the possibilities stemming from
universal interpretation.

(9) maps adverbial denotations to one-place predicates. Here we could
make use of a simple identity function, but for the project of textual substitu-
tions and transformations, it is more interesting to allow the mapping to pick
up something else from the text which is then modified by the adverbial mean-
ing. This amounts to property anaphora, which is something frequently found
in natural language (Asher, 1993); we could make use of dynamic tools, but
here instead we simply allow the type-shifter to pick up a predicate from the
discourse context.” The corresponding ‘lift’ is given in (10).

o. [[existadVv]]=, where Q € C, APAX[P(Q)(x)] : <<<e, t>, <e, t>>, <e, t>>
Example: [[existadV]]( [[slowly]])= APAx[P(Ay[dynamic(y)])(x)]
(APNy(slowly(P(y)))) = Ax[slowly(\yldynamic(y)])(x)]

10. [[inadv]]= APAQ[Q(P)] : <<e, t>, <<e, t>, <e, t>>>
Example: [[inadV]]( [[bitter]])= APAQ[Q(P)I(\y[bitter(y)]) = AQ[O(Ax
[bitter(x)]]

We now need rules which allow the two simplest types to alternate with each
other. (11) takes type t objects — sentence denotations — into predicates, which
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5. This transformation is

by way of a proof of concept.

A more contentful version
might relativize the
proposition to a source

or to a judge parameter.

can then be lowered to type e;° (12) takes individuals into their corresponding
statements of self-identity.

11. [[tet]]= ApAx[p] : <t, <e, t>>
Example: [[tet]]( [[the chips are old]])= ApAx[p](old(chips)) =
Ax[old(chips))]

12. [[et]]= Ax[x = x] : <e, t>
Example: [[et]]( [[tabitha]])= Ax[x = x]({t) = (t=1)

The final two sets of rules needed are where things get downright strange, from
the perspective of ordinary natural language interpretation. Here, we need to map
conjunctions to other kinds of semantic objects, and produce and eliminate de-
terminer meanings. This sort of operation is very much not a thing in the standard
semantics of natural language: after all, what would it even mean for blue to have
a quantificational meaning like every, or for and to predicate something of Idis,
much less for almond to have a meaning which conjoins propositions? One set of
possible answers to these questions follow, starting with the conjunctive case.

In the case of mappings involving conjunction, the ‘lowering’ direction is
simple: we simply map the conjunction to a proposition, which can then in turn
be fed back into the rule system to yield whatever type is required. The needed
rule is given in (13). There we again make use of the discourse context in order to
maintain the aesthetic of substitution/transformation. Consequently the mapping
picks up the truth value of the previous discourse segment. To do this, an auxilia-
ry definition is required: let the meaning of the text have the formS ,...,S for
discourse segments 1, . . ., n, and let the value of the sentence currently under
interpretation be i, so its semantic value is S .. We then map the conjunction to S
.,» the value of the previous sentence. For mappings from predicates into conjunc-
tions, it is of course possible to simply choose a conjunction — and, if, or, etc. —and
map all predicates into it; here, however, we have chosen to incorporate all of the
above and simultaneously use elements from each of the conjunctions mentioned.
In (14), the predicate PC maps predicates P to conjunctive meanings, yielding the
easily satisfied or if something in the discourse context satisfies P, but the more
stringent conditions imposed by and otherwise. This definition has the additional
advantage of retaining aspects of the meaning of the original, lifted predicate.

13. [[ctop]l=AC[S ] : <<t, <t, t>>, t>
Example: [[ctop]l([[or]])=AC[S _ IApAglp + g 21]) =S,
14.  [[predcon]]= ApAglp +q 2 1] if
APIPC(P)] : <<e, t>, <t, <t, t>>>, where PC(P) = | ; 3x € C[P(x)]
ApAg[p =g =1] else
Example: [[predcon]]( [[vitamin]])= AP[PC(P)](Ax[vitamin(x)]) =
PC(Ax[vitamin(x)])
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Now only the quantifier case remains. For the ‘raising’ case, the question is what
quantificational force should be assigned. We define two distinct mappings here
and allow them to be selected by context: this strategy is similar to the use of in-
dexicals above. Other interpretations are of course possible. The ‘lowering’ case
(16) picks out sets in which the quantifier properly applies to that set and some
additional predicate, where both are available in the discourse context: this con-
dition is not difficult to satisfy and thus is often also a place where pragmatic
uncertainty enters the picture.

15. Predicate to quantifier.
1. [[predall]] = AP’APAQ[VX[P(x) A P’(x) = O(x)] : <<e, t>,
<<e, t>c<e, t>, t>>>
Example: [[predall]]( [[blue]])= AP’APAQ[VX[P(x)AP’(x)
- 0(x)](Ax[blue(x)]) = APAQ[VX[P(x) A blue(x) = O(x)]
2. [[predsome]] = AP’APAQ[3x[P(x) A P’(x) A O(x)] : <<e, t>,
<e, t>, <<e, t>, t>>>
Example: [[predsome]]( [[blue]])= AP’APAQ[AX[P(x)AP’
X)AO(X)](Ax[blue(x)]) = APAQ[IxX[P(x) A blue(x) A O(x)]
16.  [lguantpred]]= A\QAx[P(x)] s.t. 30 € CO(P)(Q)] A P € C : <<<e, t>,
KLe, t>, t>>, <e, t>>
Example: [[quantpred]]( [[every]])= AOAX[P(x)](APAQVX[P(x) -
Q)] = Ax[P()] for P s.t. vy[P(y) = Q(y)]

With this, a system is in place to interpret any substitution of textual elements.
Its overall form is shown in Figure 2. As is clear from the diagram, the type <e, t>
is central to the system, but there is a path from any available type to every other,
though it is sometimes circuitous.

The next sections show how it applies to the systematic replacement of
terms in a particular text and situate the system in a larger artistic project involv-
ing notions of translation and constraint.
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Fig. 2. Overall form of the
type-shifting system for
universal interpretation.

6. This text was taken from

https://en.wikipedia.org/wiki/
Sailing_stones (April 20, 2020).

:

4. Realization

Let us now see how this system applies to a particular text. §3.1 indicates the
text to be transformed, and the following two subsections show how the trans-
formations work and their results. Along the way we also see the way in which
the system produces choice points in the production of a semantic representa-
tion which give the reader agency in the interpretative process.

4.1 Source

The active reading method proposed here, consisting of textual substitutions
and interpositioning, will be carried out twice on the following source text.® The
method will first be applied in such a way that only items of similar type are
substituted for one another. In the second iteration, the substitutions will be fre-
er, yielding a wilder new text. In the final case, logical representations of some
sentences of the text will be provided: no such representations are given for the
other texts, since only in the third text will the need to introduce methods to
interpret text completely freely arise. As we will see, this results in meanings as
wild as the form of the new text itself.
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The first documented account of the sliding rock phenomenon dates to
1915, when a prospector named Joseph Crook from Fallon, Nevada, visit-
ed the Racetrack Playa site. In the following years, the Racetrack sparked
interest from geologists Jim McAllister and Allen Agnew, who mapped the
bedrock of the area in 1948 and published the earliest report about the
sliding rocks in a Geologic Society of America Bulletin. Their publication
gave a brief description of the playa furrows and scrapers, stating that no

exact measurements had been taken and suggesting that furrows were
the remnants of scrapers propelled by strong gusts of wind — such as the
variable winds that produce dust-devils — over a muddy playa floor. Con-
troversy over the origin of the furrows prompted the search for the occur-
rence of similar phenomena at other locations. Such a location was found
at Little Bonnie Claire Playa in Nye County, Nevada, and the phenomenon
was studied there, as well.

4.2 Transformation

A first transformation of the text is reproduced in this section. We have here ap-
plied three operations in limited number: these are listed below. We restrict the
use of these transformations to ones which do not affect the syntactic or seman-
tic structure of the text substantially, which in essence amounts to substitutions
within similar syntactic categories. As we will see, this drastically limits the sort
of substitutions that can be carried out, and the degree to which changes in the
text are possible.

1. Intersubstitution of words within the text (limit: 5 substitutions).
Two points: when substitution requires changes in grammar — plu-
ralization, agreement, etc. — the needed changes are also made;
substitution can apply to multiple forms of the same root (e.g.
published, publication).

2. Deletion of words (limit: 2 deletions). Again, grammatical changes
are allowed.
3. Systematic and deliberate mis-resolution of ambiguous words

together with restatement into unambiguous forms.

The specific alterations made here are as follows; in the text itself, substitutions
and deletions made are indicated with boldface.

1. Substitutions:
@) phenomenon «— wind
(b) crook «— prospector
(© area «— origin
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(d) play «— slide

(e) America «<— Fallon
2. Deletions:

(@) Nevada

(b) rock
3. Misinterpretations:

@) playa: The intended meaning is the Spanish playa
‘beach’, but we reinterpret as the English term and
spell it out as ‘player’.

The first documented account of the playing___ wind dates to 1915, when
a crook named Joseph Prospector from America visited the Racetrack
Slider site. In the following years, the Racetrack sparked interest from ge-
ologists Jim McAllister and Allen Agnew, who mapped the bed___ of the
origin in 1948 and published the earliest report about the playing___ ina
Geologic Society of Fallon Bulletin. Their publication gave a brief descrip-
tion of the slider furrows and scrapers, stating that no exact measurements
had been taken and suggesting that furrows were the remnants of scrapers
propelled by strong gusts of phenomena — such as the variable phenom-
ena that produce dust-devils — over a muddy slider floor. Controversy over
the area of the furrows prompted the search for the occurrence of similar
winds at other locations. Such a location was found at Little Bonnie Claire
Slider in Nye County and the wind was studied there, as well.

The sense of the text has changed substantially, not just in that it is no longer
about sailing stones but rather about some sort of wind, but also in location:
the setting is no longer the USA, but somewhere else. It is a bit harder to make
sense of than the original and some of it looks silly, but the changes are not ex-
tremely substantial. This is to be expected given the limitations imposed above,
namely that we required ourselves to respect the normal syntax and semantics
of English; and, indeed, the sentences comprising the resulting text can easily
be interpreted using standard compositional methods (Heim and Kratzer, 1998)
augmented with mechanisms for parenthetical expressions (e.g. Potts 2005).
The entire text itself is also easily modeled in a dynamic setting for text interpre-
tation (Groenendijk and Stokhof, 1991; Muskens et al., 1997). Thus, for this less
ambitious version of a substitutional project, the sort of rules introduced in sec-
tion 2 aren’t required; but the result is not as deep or interesting as one might
hope for given the possibility of universal substitution. We thus see that this sim-
ple style of substitution is open to the same critique I leveled against the N+7
transformation above: excessive conservatism.
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4.3 Retransformation

We now take the already altered text from the previous section and apply further
transformations to it. The types of transformations and the number which we
are allowed to apply remain constant, but this time we impose no constraint on
respecting standard syntactic or semantic structures, or type identity of the sub-
stituted elements. Again, some grammatical smoothing will be carried out when
tweaking the text makes the morphology odd, e.g. for pluralization and agree-
ment; but, given the setting, we will not make alterations in category. The result
will be a text that is much wilder than the first transformed version. The specific
alterations made are as follows; in the text, they are italicized (the boldface from
the previous transformations also remains).

1. Substitutions:
(@) 1915 «— geologic
(b) muddy <— no

(c) a «— variable
(d) Allen «<— taken
(e) and «— furrow
2. Deletions:
(@ exact
(b) measurements
3. Misinterpretations:
@) variable: in the original text, the intended sense is varying/

changeable, but we will interpret it as in mathematical
variable, and so as a nominal of type <e, t>.

The first documented account of the playing ___ wind dates to geologic, when
variable crook named Joseph Prospector from America visited the Racetrack
Slider site. In the following years, the Racetrack sparked interest from geolo-
gists Jim McAllister furrow taken Agnew, who mapped the bed___ of the origin
in 1948 furrow published the earliest report about the playing___ in variable
1915 Society of Fallon Bulletin. Their publication gave variable brief description
of the slider ands furrow scrapers, stating that muddy __ _ had been Allen
furrow suggesting that ands were the remnants of scrapers propelled by strong
gusts of phenomena — such as the a phenomena that produce dust-devils —
over variable no slider floor. Controversy over the area of the ands prompted
the search for the occurrence of similar winds at other locations. Such variable
location was found at Little Bonnie Claire Slider in Nye County furrow the wind
was studied there, as well.
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This text is very different from the original, and it is quite hard to interpret. But,
with the machinery of section 2, an interpretation can be assigned, even to those
cases where the structure is very messy. We show this by providing logical forms
for several sentences (or clauses) in this variation of the source text. For com-
position, we assume the following: (i) composition of elements occurs via either
functional application or the predicate modification of Heim and Kratzer (1998);
(i) when substituting terms, the sense is substituted but (crucially) the type
of the leaf of the tree remains constant, so composition requires shifting each
lexical term into the semantic type appropriate for the position (meaning, for
instance, that because variable was substituted for a, the semantic type of vari-
able in all positions where it now appears is that of a generalized quantifier); (iii)
only in cases of deletion can syntactic reanalysis occur, meaning that only there
do we end up with new trees and thus possibly unchanged semantic types for
the elements to be composed. All of these decisions are of course changeable,
and are made here mainly for the purpose of illustrating the aesthetic of the for-
mal system. In practice, as with other kinds of reading (active and passive), the
reader will be free to choose their own interpretation.

To illustrate how things go, we will give interpretations for two (simplified)
sentences from the new text. The main point of this is to show how the system is
able to derive meanings for expressions that are misplaced from a type-theoretic
perspective — particularly expressions which move strongly across categories, like
the shift from nominal to determiner — and how reanalysis resulting from deletion
can yield new interpretations. The sentences have been chosen to this end.

The first sentence is (17), one of the simpler sentences in the text but one
that exhibits several of the phenomena of interest to us here. The substitution
of variable for a means that variable must be given a generalized quantifier type,
and the substitution of furrow for and means that furrow here must be interpret-
ed as a (logical) connective. Applying the rules for these operations — (15) in the
first case, and (14) in the second — gives the meanings in (18) and (19) for these
terms. Each of these cases has a special feature: in the case of [[variablegq]], uni-
versal and existential meanings were both available, but we have allowed con-
text to select the existential meaning, and for [[furrow_ ]], a strong conjunction
was chosen because the discourse context failed to make available any object
satisfying furrow in its literal sense. The meaning of (17) is then given in (20); this
is of course absurd and impossible to satisfy in any model which closely corre-
sponds to the structure of our world, since no location is also a mathematical
variable here.

17. Variable location was found at Little Bonnie Claire Slider furrow
the wind was studied. (S5)

18. [[variablegq]]= APAQ[Ax[P(x) A variable(x) A Q(x)]

19.  [lfurrow_ 11=ApAqlp = g = 1]
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7. This syntax is primitive,

and syntacticians might find

it shocking (especially how
labeling works after deletion
takes place), but we need not
be too concerned about it
because our aim here is only to
characterize how semantic
composition takes place in this
kind of example.

20. Ax[location(x) A variable(x) A found_at(x, [bcs) A tx[wind(y) A
studied(y)]]
‘There is a location which is a mathematical variable and is found
at Little Bonnie Claire Slider and the wind was studied.’

Turning to (21), several new and interesting issues arise: the nominal interpre-
tation of and, the predicative interpretations of Allen and of no, and, most inter-
estingly perhaps, what to do with muddy, which has been left in a mysterious
situation, lying in a determiner position but which fails to form a constituent with
any other lexical terms due to the deletion of the words following it. The first
three issues are easily addressed in the same way as just seen for (17), with the
sole caveat that interpreting and as a nominal requires chaining of two rules: first
(13), which alters the connective meaning to a simple truth-value O which can
then be shifted to an <e, t> type by (11). We arrive at truth-value 0 because (13)
instructs us to take the truth-value for the previous sentence, but, just as we saw
immediately above, the use of furrow as a connective means that the connective
has the semantics of and, which means that if any of the conjoined sentences is
false, the whole sentence is, and the use of generalized quantifier variable in the
place of publication — variable 1915 Society of Fallon Bulletin — means falsehood
for this sentence, for nothing is both a bulletin and a mathematical variable, just
as in the previous example. For the case of no, we require two predicates from
the discourse context such that there is no overlap in their denotations: many
such are available, but selecting [[wind]] and [[geologist]] works, and causes
[[no,,. 1= [[wind]] (or [[geologist]], but we have selected [[wind]] here). The re-
sults of all this are given in (22), (23), and (24).

21.  Their publication gave variable brief description of the slider
ands furrow scrapers, stating that muddy had been Allen furrow
ands were the remnants of scrapers propelled over variable no
slider floor. (S3)

22. [land  11= Ax[O]
23. [[allenpred]]= Ax[named(allen, x)]
24. [[no__ ]]1= Ax[wind(x)]

pred

The situation with muddy is more complicated and requires having a look at the
syntax. The clause we must consider is the complement of stating, namely mud-
dy had been Allen, which before deletion of ‘exact measurements’ had the fol-
lowing structure:’
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T

NP VP
T~ T~
D N’ had been Allen
| /\
muddy Adj N

exact measurements

After deletion takes place, the structure is as follows, assuming that categories re-
main constant and no covert elements are present (consonant with true deletion):

S
/\
NP VP
T~

D had been Allen
muddy

So in this situation, muddy should be given the type of a generalized quantifier as
it is in a D position. This is straightforward using (15), yielding (25), in which the
quantifier is given a universal interpretation.

25. [[muddy,]1= APAQ[VXIP(x) A muddy(x) = Q(x)]

But this won’t give a proper denotation for the sentential complement, as its own
complement is of type <e, t>: the output of composition will be type <<e, t>, t>,
which will fail to be sensible. Here, then, we need to do a more standard kind of lin-
guistic type-shifting, and massage the type of [[muddy, |] into something suitable
for composition with its complement in such a way that it yields a type t object.
Fortunately, such an operation is already available. We need only map the gen-
eralized quantifier into a predicate and further lower that to something of type e.
This mapping is carried out in two steps according to (16) and (4). In the first step,
(16) applies to (25), which is a universal quantifier which qualifies its first argument
with the predication muddy; since nothing in the discourse context is both (known
to be) muddy and anything else, the antecedent is trivially satisfied and we can
pick any predicate from the discourse context for the output. We choose [[crook]];
this is then mapped to an individual by (4), ultimately yielding (26).
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26. [[muddy]]= wx[crook(x)]

With all this in hand, (21) can be given the semantic interpretation in (27). This
interpretation is one that the reader would likely not arrive at without the aid of
the semantic framework, and the unexpected ways in which the rules interact,
as seen for instance with muddy, which would never have been interpreted as
the property [[crook]] without the interaction of the rules which derived it: (25),
(16) and (4).

27. Ax3y[publication(x) A made(y, x) A 3z[brie f(2) A part(z, x)
Adesc(z, tx’vy'[y’ € x’ = Ay[0](x")Aslider(y)vscraper(y’)])
Avariable(z)Astate(z, 12’ [crook(z’)Anamed(allen,z’)]ALx”’ [Az[0]
(X)Ascraper remnant(x”)A3y” [variable(y”’ )Awind(y”’)
Aslider(y”)Afloor(y’")Apropelled_over(x”, y)IDI]

‘There is a publication they made which contains a description of
something all parts of which are either false or sliders or scrapers,
and which is a mathematical variable; it also states that there is

a crook named Allen and the existence of other things which are
false and also scraper remnants which are propelled over a floor
which is a slider and wind and a mathematical variable.’

This is very odd; but it is also a kind of poetry, with a kind of beauty. This meaning
itself can be restated in other ways, for instance in free verse as in Figure 3. This
text is entirely unexpected from the perspective of the original. This is one way
to realize the aesthetic of textual substitution, and one way to use mathematical
tools and constraints to make the process simultaneously transparent and opaque.

5. Variation

The goal of this work was to set out a system for the universal interpretation of tex-
tual transformations and substitutions irrespective of syntactic/semantic catego-
ry. A sample system was provided in §2. The examples in the last section showed
the power of the system: it can result in unexpected and strange changes in textual
meaning, and ones that may bring out the meaning of the kinds of texts that result
from cross-categorial substitutions in a more interesting way than simply trying to
make sense of then ‘manually’ as the type-shifters interact in potentially unanticipat-
ed ways. The project of text transformation/substitution is part of a larger practice of
constructing translations/mappings between media: texts, mathematical structures,
spacetime, concepts, physical objects (McCready, 2020). The present work shows
one way this practice can be carried out, and one way formalization can contribute
to it. It is also a first example of artistic work in which mathematics is the medium
rather than merely a technique or a place to draw inspiration, in the sense that the
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system itself is to be understood as the object of artistic practice (though in this case
the full interest of the practice arises in conjunction with texts and substitution).

Fig. 3. Free verse translation words on a page
of 27). available
to all

describe a thing:
complex, multifaceted
all of it false

or a tool for

sliding or scraping and
jointly

a variable

X Ooryorz

these words

claim more, claim

a presence:

dishonest Allen

and more presences
false things

remnants

vestiges of scrapers
moved

by exterior force

across a complex plane
a floor a variable a slider
wind

The results of the substitutions can be made more wild by further modifying the
type-shifters themselves. In this initial version, we have mostly just used the dis-
course context, pragmatics, and a kind of reader-based choice function (ie.: the
interpreter can pick whatever predicate strikes them as appropriate, as we did
with [[muddy ]]) above), but more randomized options are available too. One could
assign each word in the text a position in a table of numbers in the way we already
did for discourse segments and truth values, and then randomly generate num-
bers which induce substitutions, using dice or computational means. This kind of
randomization can be built into the type-shifters, which will produce quite differ-
ent sorts of transformed texts than the ones above. We expect that further exper-
imentation will produce highly different results. More broadly, the current system
suggests a new palette for experimentation on texts via mathematical methods
which has the potential to open up interesting new domains for artistic practice.
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Autolume-Live: Turning GANs
mto a Live VJing tool

Creative Artificial Intelligence is increasingly used to generate static and animat-
ed visuals. While there are a host of systems to generate images, videos and
music videos, there is a lack of real time video synthesizers for live music per-
formances. To address this gap, we propose Autolume-Live, the first GAN-based
live VJing-system for controllable video generation. By analysing the needs of
VJs and current Deep Learning-based audio-visual systems, we developed a live
video synthesiser that extracts musical features, such as the amplitude, pitch
and onset strength, and allows mapping these to generate trajectories in the
frame latent space. These frames can further be manipulated through a MIDI In-
terface which allows the user to improvise, manipulate the Neural Network and
adjust the output to accompany live music performances in a co-creative way.
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1. Introduction

With an increasing amount of generative models in AI and Deep Learning (DL),
artists are finding ways to use these systems for their creative expression. This
is extensively seen in musical and visual practices. Creative agents can be used
to co-create live coding musical performances (Wilson et al. 2021). Using Gen-
erative Adversarial Networks (GANs) (Goodfellow et al. 2014; Karras, Laine, and
Aila 2018; Karras et al. 2020), both curated installations (Obvious 2018) and
visual live installations (Klingemann 2019) have been created. With the rise of
Creative Al, new ways to create experiences and channel creativity are emerg-
ing. One domain that is not influenced by Deep Learning so far is live audio-visual
performances. For live musical performances, it is common to have a VJ use
pre-recorded clips to create a responsive visual experience. We are interested
in a way to combine VJing with GANs. We choose to use GANs over other gener-
ative models, such as Diffusion models, due to their high-fidelity, comparatively
fast inference time and because they already have a large following of artists.

While there are audio-visual installations using GANs, they are bound to
offline creation. Artists have used Style-transfer, Deep Dream and other frame-
works to create music videos by manipulating pre-recorded videos (Hardcore-
analhydrogen 2018). There are artistic works extracting music features from a
track and mapping it to the latent space of a GAN (Siegelman 2019; Klingemann
2018; Jonathan 2021.; Alafriz 2021; Steenbrugge 2020). But all these systems
either lack documentation or a user interface, which makes the systems inac-
cessible for new users. Furthermore, none of these systems tackle live video
generation. To bridge the gap from automated offline systems to a realtime VJing
Software we propose Autolume-Live, to our knowledge the first live Music Visu-
aliser and V3Jing software based on GANs (Goodfellow et al. 2014; Karras, Laine,
and Aila 2018; Karras et al. 2020). The program explores the latent space of
trained models and drives the image generation through music. The algorithm
uses audio features, such as amplitude, onset timing and pitches to influence
the images generated by the model. Additionally, we incorporate a MIDI-con-
troller as an interactive tool to allow artists to edit and manipulate the genera-
tion process using Network Bending (Broad, Leymarie, and Grierson 2021) and
GANSpace (Harkonen et al. 2020). We show that with modern graphic cards and
developments in generative models, interpretable AI and compression tech-
niques, it is possible to create an interface that allows artists to accompany their
live music performances with adjustable visuals.

We first discuss different types of visual systems and showcase offline
approaches using Deep Learning in Section 2. We focus on offline approaches,
as there has been no research in the domain of Deep Learning based live au-
dio-driven visual generation. We present Autolume-Live in Section 3, describ-
ing its different modules and the VJing interface that we implemented while
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focussing on the characteristic of VJing tools introduced by Hook et al. (Hook
et al. 2011). In addition to the system, we have also created two installations
using Autolume-Live. We briefly outline the process behind these pieces in sec-
tion 4. Lastly, we discuss the possible changes and iterations that could be
made on our system to improve the usability and the expressiveness of the
tool (Section 5).

2. Background
2.1 Audio-reactive Visual Systems

Before discussing our framework, we first have to understand the different
types of real time audio-driven visual software. First, there are Music Visual-
isers, which map musical feature data to parameters of a visual system. While
Taylor et al. synthesise a complex scene with virtual characters and spaces that
respond to audio features (2006), commonly music is visualised by showing the
live spectrogram in different formats. Secondly, Video Synthesisers relate to the
mapping of any signal to control visual generation. Most Music Visualisers and
Video Synthesisers can be used offline and online. A specific application of these
systems for live performance is VJing software. These generally combine the au-
dio-reactive components of Music Visualisers and Video Synthesisers and add an
interactive component that allows an artist to manipulate media live. By applying
visual transformations or adjusting mappings, every performance can become a
unique experience based on the performer, aka Visual Jockey (VJ). In their study,
Hook et al. explore the ways VJs adapt and appropriate technology to create
visual performances through dialogue and the creation of a documentary film
(2011). They focussed on multiple artists and performances and extracted the
essence of the medium for those artists. When it comes to VJing tools, there is a
need for a physical, tangible, interface that responds with immediacy, and allows
the user to accompany music live and improvise. The tool should allow the artist
to control a variety of parameters, while keeping usability in mind. The benefit
of a physical interface, such as a VJ controller, is that it can be seen as anoth-
er instrument that can be incorporated into a performance.. Lastly, the visuals
should be responsive to its context and surrounding, e.g. the music, and every
performance should have the possibility to be unique.

TouchDesigner and Resolume are popular VJing software (Resolume 2022;
Derivative 2022). By looking at current VJing practices, we see a trend to use
video loops, shaders and generative algorithms. These softwares incorporate
multiple levels of music analysis. Both low level features such as amplitude, on-
set strength, timbre etc., and high level features, for example affective features
computed through sentiment analysis, can be used to modify parameters, such
as colour, shape and position. When it comes to VJing, response time is import-
ant. Hence, TouchDesigner and Resolume focus on systems that are efficient
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Fig. 1. Example generated
with Deep Music Visualiser
(Siegelman 2022). (https://
www.youtube.com/
watch?v=L7R-yBZ5QYc).

and can process information with little latency. For that reason these VJs have
not used GANs and other DL based generative models, and to our knowledge,
these approaches have not seen any use in any live performances.

2.2 Offline Audio-Reactive Systems

Our goal is to implement a Deep Learning based VJing tool. When it comes to
creating music videos using Al it is either possible to do frame synthesis, i.e. gen-
erating every frame from scratch, or create collages, stitching together videos to
fit the music (Fan et al. 2016). Our system is based on frame-by-frame (FBF)
generation, hence we will be focussing on these music-driven video models.

By moving away from live visualisation, FBF approaches can do further
audio feature extraction and can use more complex generative algorithms. For
example, it is possible to use GANs to generate the visuals and use the audio
features to manipulate the image output, without worrying about the runtime.
The current literature comprises three different ways to generate audio-reactive
videos using GANs: Latent Space Traversal, Latent Space Interpolation, Chro-
ma-Based Interpolation (Brouwer 2020; Siegelman 2019; Alafriz 2021). Addi-
tionally, these offline frameworks describe further manipulations that can be
performed on the video feed.

GANs use vectors sampled from a latent space to generate images. Vec-
tors that are close together in said space are mapped to visually similar images.
By moving around in the latent space it is possible to generate smooth videos
interpolating between different key-frames. Researchers and artists have used
this quality of GANSs to create videos showcasing images morphing from one into
another. The three mentioned offline audio-reactive systems use the topology of
the latent space in different ways.
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Fig. 2. Example generated with
Lucid Sonic Dreams (Alafriz
2022). (https://www.youtube.
com/watch?v=l-nGC-ve7sI).

One way of mapping audio to video through movement in the latent space is
based on a random walk. We call this approach Latent Space Traversal (Fig. 1)
and a version of it was used in Deep Music Visualiser (DMV) (Siegelman 2022). In
this case, the amplitude of the spectrogram and the shift in amplitudes between
time steps are used to vary the step size of the random walk. This approach of
audio-reactive image generation has the benefit that it can respond to music
without any harmonic, percussive separation, but it is unable to capture rep-
etition which is a common quality of music. As the model moves into random
directions at every timestep it is unable to return previous points based on the
audio. Furthermore, this approach lacks a variety of parameters, since only the
audio features and a multiplier to the step-size are used.

Another way of navigating the latent space is Latent Space Interpolation, i.e.
interpolating between preset positions in the latent space. While the previ-
ous Latent Space Traversal was unable to capture repetition, Latent Space In-
terpolations allow creating loops. Lucid Sonic Dream (LSD) (Alafriz 2022) is
a system that uses this approach, similar to DMV the amplitude and shift in
amplitudes are mapped to the speed of the interpolation. While looping is one
of the strengths of Latent Space Interpolations this does create a repetitive ex-
perience. To circumvent this problem, LSD uses a combination of both Latent
Space Interpolations and random walks. The harmonic and percussive tracks
are separated. While the harmonic track is used to modulate the speed of the
loops, the percussive track is used to introduce a momentary “pulse”. This
“pulse” is created by performing a random step as seen in the Deep Music Vi-
sualiser for one time step and then returning to interpolating to the next latent
vector. An example of a video generated by LSD is shown in Figure 2.
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Fig. 3. Example Chroma-Based
Interpolation as implemented
by Brouwer (Brouwer 2020).
(https://wavefunk.xyz/assets/
audio-reactive-stylegan/

rhodes.mp4).

Lastly, there is Chroma-Based Interpolation, showcased in Figure 3. Instead of
using the amplitude of the audio signal, the pitches are calculated through a
chromagram and mapped to the visuals. A chromagram is computed by cluster-
ing a spectrogram into frequency bins for every pitch (Ezzaidi et al. 2012; Ellis
2007). In western music theory, normally 12 bins are used. In LSD and DMV,
conditional GANs can be used, where a class vector is appended to the input to
define the content of the synthesised image (Oeldorf and Spanakis 2019; Mirza
and Osindero 2014). It is then possible to use a chromagram to influence the
content of the video, i.e. every pitch is linked to a different content class. A dif-
ferent approach to incorporate pitch is to map every pitch to a key-frame (Brou-
wer 2020). The resulting video consists of interpolations between keyframes
based on the pitches present in the music. For example, if the note C is mapped
to a blue frame and the note D to a red frame. At every point in the music where
the letter C is played on its own the video would show the blue frame, but if mul-
tiple notes are played the two keyframes are interpolated, i.e. if we play C and
D together a purple frame will be shown. The mixing ratio between keyframes is
the amplitude of the responding pitches. While this approach implicitly captures
repetition through the pitch, it is not able to represent atonal or monotonous mu-
sical. Without any pitch changes, the mapping will create a static video.

In addition to using short-term features, amplitude and pitch, Brouwer in-
corporates long-term musical features to visualise long-term musical structures
in the music. By applying Laplacian-Segmentation (McFee and Ellis 2014) on the
audio track, the song is clustered into sections and different sets of latent vec-
tors are used for the distinct parts in the music (Brouwer 2020).
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Fig. 4. Autolume-Lives
framework showing how we
mapped audio and controller
signals into manipulations for
the Synthesis Module.

3. Autolume-Live

We are interested in creating a live visual engine that can be controlled by discrete
triggers and continuous controls. In particular, we focus on creating a VJing-tool
that uses both audio and a controller as its input. As shown in Figure 4, our sys-
tem uses an Audio Module to extract onset strength, amplitude and pitch and
maps these either to the latent space W or the noise term that is added to every
layer. The Controller Module processes the interactions with the MIDI-Controller,
applying affine transformations to the Synthesis Modules layers or manipulating
the latent space (Fig. 4.). Our system runs live to make it possible for the user
to immediately see the results of their interaction. This opens the door to live
improvisations and a feedback loop where the output of Autolume-Live impacts
the user’s creative vision.

Synthesis
...... Module E
.

II|||IIIII||||||' —D{ Audio Module

> % Mapping Module

LR R

3.1 Frame Synthesis Module
3.1.1 StyleGANZ2-ada

Autolume-Live is using StyleGAN2(-ada) to generate an image at every timestep
(Karras et al. 2020). StyleGan2 is an adaptation of GAN which uses a Discrimina-
tor to train a generative model by learning a boundary between real and gener-
ated samples. The training of these two models results in a two-player mini-max
game. The Generator is trying to minimise the likelihood of the Discriminator cor-
rectly classifying its output as generatd. The Discriminator tries to maximise the
probability of it correctly classifying a sample as real or generated.

We choose to use NVIDIA’s StyleGAN2 framework for its high quality
generative power. In particular we use StyleGAN2-ada to train our model. The
generator stays the same, but to reduce the amount of necessary data further
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augmentations are introduced in the Discriminator training process. The dataset
size is important in the context of VJing, because our objective is to create a sys-
tem that is usable by artists, who do not have access to large datasets or want
to use their creations as training data. Furthermore, StyleGAN2(-ada) is already
widely used by artists meaning they could plug in their already trained models
and also use services, such as Runway ML (Runway 2022) to train their models
without ever having to touch any code. Nevertheless, other generative image
models could be used instead and in our framework, the model architecture is a
module that can be exchanged in future iterations according to newer research.

StyleGAN2(-ada)’s Generator model can be divided into a Mapping Net-
work and a Synthesis Network. The Mapping Network disentangles the latent
space. It maps a normally distributed latent Vector z to an intermediate latent
space W. By introducing an intermediate Mapping Network, the latent space is
disentangled, this means that moving around in that space returns more pre-
dictable outcomes and smoother transitions. The Synthesis Network uses the
mapped latent vector wEW to generate an image. It incorporates an additional
noise term at every resolution level. The latent vector dictates the content of the
generated image, while the noise term adds variation to the output. Furthermore,
the lower levels of the Synthesis Network generate the coarse structure of the
image while the higher levels add fine details and textures. When generating
videos with StyleGAN2, we realised that sampling noise at every time step cre-
ates jittering between frames. Because of the jitter, there is constant change
in the visuals, which sometimes distracts from the audio-reactive nature of the
algorithm. Hence, we decide to sample a single noise term on startup and reuse
it throughout the video.

3.1.2 Content-Aware GAN Compression to Reach Real Time Generation

Immediacy and responsiveness are important factors of any VJing-system.
VJing-Softwares recommend a delay below 50-milliseconds that is reaction within
a frame at 20 FPS or optimally for the delay to be unperceivable by the human eye
under 20-milliseconds which corresponds to 60FPS. Since our audio and visual
modules are linked together, it is important that the combination of audio feature
extraction and image generation stays below this threshold. In our tests, using
the standard styleGAN2 architecture on an NVIDIA QUADRO 5000 with 16GB of
VRAM the highest resolution we can generate, while keeping a framerate around
60FPS is 128128. Generating images in a higher resolution makes the framerate
drop drastically, e.g. with a resolution of 256x256 we reach a framerate of 40FPS
and with 512x512 the framerate drops to 24FPS. One way to increase the infer-
ence speed of a model is to compress it as a preprocessing step of system.

The process of network compression focuses on (1) reducing the number of
parameters by pruning the model (Blalock et al. 2020; Huang et al. 2018; Han et al.
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2015), and (2) distillation (Hinton, Vinyals, and Dean 2015), using the original mod-
el as a teacher for a smaller model. Where these ideas work well for classification
tasks, they do not work on GANSs. But, by introducing content-aware pruning and
distillation Y. Liu et al. have shown that it is possible to compress StyleGAN2(-ada)
and reduce the complexity of the network counted in the number of floating point
operations (FLOPS) by a factor of 11 (Y. Liu et al. 2021). The idea of content-aware
compression is that a content-parsing network is trained to find the features in
the model which have the biggest impact on the visuals. During the pruning and
distillation process this model masks the generated image of both the pruned and
teacher model. Then the distillation loss is applied on the masked image generat-
ed by the teacher and the pruned model. This enforces that the salient objects in
an image are distilled into the pruned model.

3.2 Audio Module

We expand the offline techniques described in section 2 to run live. To do so, we
use a monophonic audio stream with a chunk size of 1024, a sampling rate of
44100 and compute the mel-spectrogram, chromagram (Ellis 2007), onset de-
tection and strength locally. For both the spectrogram and the chromagram, we
use a FFT window size of 2048. We compute the mel-spectrogram instead of a
normal spectrogram, as it better represents the perceived amplitude of the dif-
ferent frequencies by human ears. For efficiency we detect onsets and compute
their strengths by approximating a threshold to track onsets with a moving Root
Mean Square over the last second.

We originally computed the harmonic percussive decomposition (Driedger,
Miiller, and Disch 01 2014), but due to the small active window size and efficiency
of the algorithm the quality of the decomposition did not justify the drop in fram-
erate. As Autolume-Live takes a live signal as its input, the analysis is noisier than
the previous offline approaches, which leads to flickering in the images. To reduce
the noisiness and make the visuals respond smoother we compute the moving
average over the last 3 steps of the audio signal before extracting audio features.

3.3 Controller Module

Autolume-Live is meant as an expressive interactive tool to accompany live audio
performances. Jonathan Hook et al. explore the needs of VJs through an in depth
qualitative study (Hook et al. 2011). They show the need for a physical interface
that can be used for performances, i.e. an interactive system that is visible to the
audience and a tool that gives haptic feedback. This is why we chose to integrate
a MIDI-Controller, which is a common tool for VJing, into our system. Through
its buttons the controller allows the user to toggle binary interactions, while its
faders are a useful tool for continuous manipulations. For our working system we
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use the Behringer BCF2000 controller which has eight faders, 16 buttons and 8
infinite knobs. An additional benefit of using a physical controller in comparison to
a digital interface is the possibility of parallel interaction using multiple hands and
fingers. This allows the user to adjust multiple parameters at the same time where
a mouse would limit the intractability.

3.4 Mapping Module

We use the features we extract from the live audio feed and the input from the
controller to drive the image generation. In the following, we describe the map-
pings we have implemented so far, but due to the modality of the system artists
are able to use their own mappings for both the audio-reactive images and the
interactions with the controller.

3.4.1 Audio Mapping

Autolume-Live is implementing Chroma-Based Interpolations (Fig. 5), Latent Space
Traversal and Latent Space Interpolation (Fig. 6), which can be switched between
on the fly. But, the system is written to be modular, where future iterations could
allow the user to reconfigure the mappings to their liking. Additionally, we use the
strength of the onset, i.e. the amplitude of the spectrogram when an onset was
detected as a multiplier to the standard deviation of the noise that is injected in
StyleGAN2(-ada). This creates a perceivable change in the image.

Fig. 5. Example of Chroma-
Based Interpolation given
a digital piano input to our
system. (https://vimeo.
com/670850243).

For both the chroma-agnostic Latent Space Traversal and Interpolation (Section
2.2.) approaches, we use the same audio mapping, only adjusting the directional
vector to either be random or pointing to a specific seed. We normalise the direc-
tional vector, so that the step size before applying audio mappings is 1. The vector
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Fig. 6. (left) Example Latent
Space Traversal using
Autolume-Live (https://vimeo.
com/670850199). (right)
Example of a Latent Space
Interpolation using Autolume
(https://vimeo.com/670858023).

is then multiplied by both the average amplitude of the spectrogram at the cur-
rent time step and the difference between the current average amplitude and the
previous. This leads to bigger steps when the amplitude is high or the amplitude
shifts drastically, hence the biggest step would occur when a high amplitude, loud
sound, follows a low amplitude, e.g. silence.

B
b J

bR

— [

3.4.2 Frame Manipulation

By understanding the generation process, it is also possible to manipulate it.
By going astray from the linear generation process and playing with the net-
work’s activations, noise and latent vector injections, it is possible to edit images
increasing how much the media is manipulable, also called Network Bending
(Broad, Leymarie, and Grierson 2021; Bau et al. 2018). The most basic version of
this consists in applying affine transformations to the models activation. By do-
ing so, we can translate, rotate, and zoom in on the image. In addition to applying
transformations to layers ‘activations, it is also possible to fuse features of two
images by injecting the latent vector resulting in one image for the first resolution
levels and the latent vector for the other in the rest of the layers. This creates
a fusion of both images, where the vector used for the lower levels decides the
structure of the image and the second the colours and textures (Brouwer 2020).
Lastly, StyleGAN2-ada has a truncation value, which decides the sampling space
from the latent space. A low truncation value reduces the diversity of the visual
content, while a truncation value greater than 1 results in more abstract, ex-
panded visual space. We use all these techniques to give the artist the potential
for affecting and controlling the performance (Hook et al. 2011) and adjust the
visuals to better suit the audio performances.
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Fig. 7. Using the 8 knobs

at the top of the MIDI-
controller it is possible to
apply Network Bending on
the visuals generated by
Autolume-Live (https://vimeo.
com/670849859).

3.4.3 GANSpace

In addition to generating frames automatically, we want the user to be able to
directly manipulate not just the rotation and positioning of the image, but the
entire content . Although StyleGAN2(-ada) already disentangles the latent space,
moving into random directions will not correspond to any semantics. We believe
that this could interfere with how well the user can understand the interface. By
finding semantically meaningful manipulations we improve the manipulability of
the images, as the user can understand what the different directional manipula-
tions mean. One way of finding directional vectors in the latent space that have
interpretable meaning is GANSpace (Hdrkdnen et al. 2020).

GANSpace identifies interpretable directions in the latent space using
PCA. This method is lightweight and does not need any supervision (Shen et al.
2019). It finds the basis of the latent space in which the generated images have
a high variance. We decided to use GANSpace as a preprocessing step instead
of other approaches, because it has a low overhead, where other approaches
introduce additional computational expenses during inference (Shen et al. 2019;
Roich et al. 2021). GANSpace returns a list of vectors that can be plugged into a
pretrained model without increasing inference time. Furthermore, this algorithm
is model invariant, meaning that in future iterations the GAN architecture can be
replaced and GANSpace could still be used to find interpretable manipulations
on the images. In Figure 7 we showcase an example where the user can manip-
ulate abstract images using the sliders of the VJ controller.
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Fig. 8. Moving through the latent
space using the faders of the
MIDI-Controller. Every fader’s
values range between -1 and 1
weighting the first 8 directions
found by GANSpace (https://
vimeo.com/670850116).

Fig. 9. Accessing key-
frames using the Midi-

Controller (https://vimeo.
com/670850154).

3.4.4 Presets

It is normal for VJs to pre-record and save visuals that they want to use one or more
times in a performance. Although we do not allow users to pre-record and save
video clips, we allow the user to preset certain parameters of Autolume-Live. First
of all, it is possible to predefine a set of latent vectors that are used by the Latent
Space Interpolation and can be accessed during performances (Fig. 9). Then, it is
also possible to predefine the content that can be generated. As Autolume-Live
uses a StyleGAN2(-ada) Generator, the visuals that are generated are dependent
on the data the model was trained on. Mostly these Generators synthesise images
with only a few varying contents. Hence, to increase the visual variety, a set of mod-
els can be given to the software, all with their own predefined set of key-frames.
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3.4.5 VJ-Controller

We decide to link all these manipulations to a MIDI-Controller as this gives the
user a visual representation of the current states and tangible feedback, which
are both important interface features for VJs (Hook et al. 2011). The user can
edit the current image according to salient directions, using the eight directional
vectors we extracted with GANSpace to ever fader, where moving the fader up or
down will set the coefficient for the weighted sum off all directional vectors that
are added to the current latent vector. The knobs toggle further manipulations,
i.e. rotation, translation, zoom and truncation value changes. By pressing the
knobs the transformation is applied and the intensity can then be adjusted by
turning the knob. Multiple transformations can be applied at the same time. We
also linked the different audio-visual mappings to the controller. It is possible to
switch between mappings pressing on one of the knobs. For both Latent Space
Interpolation and Latent Space Traversal the same knob allows the user to add
an additional multiplier to the step size, i.e. allows them to manipulate the sensi-
tivity of the visuals reactions to the audio.

To access the different key-frames we use the array of buttons on the
controller. On startup, every button is linked to a latent vector that can be pre-
defined by the user or overwritten during the performance. These latent vectors
are the positions the Chroma-Based Interpolation passes through. By pressing
a button a position is loaded and the visualisation process proceeds from that
key-frame. Furthermore, when multiple buttons are pressed at a time the aver-
age of all these seeds is used to create the visuals. Lastly, it is possible to iterate
through the list of models by clicking the space bar of the computer that is run-
ning Autolume-Live.

4. Examples of Artworks made with Autolume-Live

Due to the 2020-2022 situation surrounding COVID-19, we were unable to use
our system to accompany live performances. We have used different iterations
of Autolume-Live to create two installations. We recorded some curated sessions
and displayed them at the Distopya sound art festival in Istanbul 2021 (Dystopia
Sound and Art Festival 2021) and Light-Up Kelowna 2022 (ARTSCO 2022). In
both iterations, we let the audio mapping automatically generate the video with-
out using any of the additional image manipulations. These installations show
that the system on its own is already able to generate interesting and responsive
visuals for a musical piece.

For the installation at the Distopya sound art festival we trained a Style-
GAN2(-ada) model on abstract paintings and rendered a video using the de-
scribed Latent Space Traversal mapping. For this particular piece we ran a
super-resolution model on the final video as the original video output was in
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Fig. 10. Installations exhibited
at Distopya sound art

festival (left: https://vimeo.
com/527564204) and Light-
Up Kelowna (right: https://
vault.sfu.ca/index.php/s/
VBuU760eFjNnellb).

512x512 and the wanted resolution was 4k. For our piece at Light-Up Kelowna
we ran Autolume-Live with the Latent Space Interpolation mapping. The display
included three urban screens, which allowed us to showcase three renders at
the same time. We composed a video triptych using a dataset of figure draw-
ings, a dataset of medical sketches and to tie the two videos together a model
trained on a mixture of both datasets.

5. Future Work

Autolume-live is a prototype VJing tool using GANs. We are only using funda-
mental signal processing to extract audio features for the visualisation. This has
already resulted in responsive visuals, but we hope that in the future these can
be expanded on. Our Audio Module, we have coded in fundamental audio fea-
ture extractions and mapped them to features of the Synthesis Module. By re-
placing the Audio Module with a Neural Network it might be possible to connect
its latent space to the GAN’s latent spaces which could result in improving the
expressiveness of the visuals. More high-level characteristics of the music could
be extracted, such as the emotions and themes, which could then influence the
content of the video. Especially text-to-image (Marinos Koutsomichalis 2021;
Ramesh et al. 2021) and text-to-video (Wu et al. 2021) approaches could im-
prove our framework. Text-to-image models could be used to more easily find
latent vectors that the user wants to use in their performance. Instead of moving
around the latent space using the sliders or doing prior work to find an image
with certain features using CLIP based optimization, the user could simply de-
scribe the preset images they want to generate instead of using faders to move
around the latent space (SOMNAI 2022; Murdock 2022).

In addition to richer audio-visual mappings, there are still improvements
to be made to the system as a VJing tool through its Controller Module. An
important aspect for VJs is the interface reconfigurability. Currently our sys-
tem has a variety of transformations and editing possibilities linked to the MI-
DI-controller, but all these interactions are hard coded. In the future, we would
want the user to be able to rearrange the MIDI-controller and also define their
own transformations. Furthermore, the user should be able to freely define
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their own audio-visual mappings, creating a completely modular interface.
For that it might be interesting to incorporate our system into a preexisting
V3Jing software to build on their preexisting audio feature extraction and visual
manipulation algorithms.

When it comes to generative models trained on data it is always import-
ant to discuss what was used to train the model. The datasets allow the user
to define the content of the visual performance. At the moment there are three
options to aggregating images with varying advantages and disadvantages. The
first and easiest way is to use datasets that have already been curated. While
this approach is the least time consuming it opens up questions of copyright and
also takes away from the novelty of the resulting pieces. Secondly, it is possible
to collate images from artists under open licenses. This process takes longer,
as the dataset has to be manually selected, but it allows for more control on
the content and the data can be unique for the installation without the need to
create every image. Lastly, the most time consuming approach is to create every
image for the dataset. This removes the problems of copyright and allows for
complete control over the data used to train the model. In our installations we
followed the second approach, collecting images and editing them to create a
cohesive dataset. We believe that in the future exploring the data as an addition-
al tool for creative expression allows for new collaborations. For our upcoming
pieces, we are collaborating with artists to create never seen before corpora to
create completely novel experiences.

Lastly, we have only been able to use the system for private rehearsals
and curated exhibitions due to the lack of live music performances during the
COVID-19 pandemic. Once live events are more common we plan on using Au-
tolume-Live to accompany live music performances at festivals. We also plan on
inviting VJs to use our tool for further additions and changes to the tool to better
suit live performances.

6. Conclusion

We sought out to create a live system for audio-reactive image generation and
composed a tool for live visual synthesiser. Autolume-Live fulfills the require-
ments posed in a previous qualitative study on the expressive interactions VJs
look for in their interfaces. Where previous GAN based music visualisers can only
be deployed offline, our system can accompany live performances following three
different audio mapping styles. In addition to automated video generation, we ex-
panded our system as a VJing tool, to better encompass live performances. We
allow the user to improvise and manipulate the medium live using a MIDI-control-
ler. By deploying Network Bending and GANSpace the user has control over the
visual performance in a responsive and understandable manner. Furthermore the
user can store and call upon checkpoints and switch between generative models
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on the fly allowing them to practice before performances and finetune the visual
content to fit the current musical content.

While our system is able to accompany musical performances without user
intervention, we believe that incorporating a MIDI-controller makes the system
ascent in its usability. Increasing the intractability lets an artist collaborate and
fine-tune the visual performance. With further advancements in making GANs
more efficient and developments in explainable AI we believe that we will find
new ways of manipulating the generation process, increasing the variety in the
content that can be generated. By improving the inference time of GANs or in-
corporating different synthesis models, the tool will become more accessible to
a wider range of users as currently a high performing GPU is needed to run the

system in real time.
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On the Possibility of a
Non-Anthropocentric Visuality

This paper aims to understand if it is possible to speak of a non-anthropocentric
visuality. The progressive and continuous increase of information production at
a global level has led us to witness a specific set of visual information that, we
argue, can be considered to be decentered from anthropocentric ocular optics.
If we are in fact able to speak of a non-anthropocentric visuality, as this paper
strongly suggests, this means that such concept is distinct from a non-human vi-
suality, and that this scopic regime allows for other forms of sensing that extend
beyond human sensory capacities. If we subscribe to this perspective, import-
ant consequences arise, specifically concerning the relation between visual in-
formation and governance. This analysis reinforces the need to further examine
and carefully look at visual information produced outside of ocularcentrism, and
its implications for the knowledge that supports itself on it.
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1. Introduction

Visual information structures are not only a subjective visual perception, but also
a set of more complex networks, which stem and are organized according to the
latter, in order to create information, systems of knowledge, and to actively man-
age human and natural resources.

However, a set of technological developments and processes of mediation
related to the transmission of visual information raises several relevant ques-
tions. Taking into account the various actants who actively participate in the pro-
duction of visual information today, are we able to speak of nhon-anthropocentric
visuality? If so when? How can we define a non-anthropocentric visuality? Why
is the concept of a non-anthropocentric visuality relevant and does this change
our conception of visual information?

In order to answer these questions, this paper will adopt the following
structure. In section 2 we will present our working concept of non-anthropocen-
tric visuality. This section will contextualize the concept of non-anthropocentric,
and the concept of visuality, relying directly on Nicholas Mirzoeff’s work, which
will set up the definition advanced by this paper. Section 3 will focus on the me-
diation processes underlying a possible non-anthropocentric visuality, and will
seek to distinguish between the concepts of anthropocentric, non-anthropocen-
tric and non-human visuality. In section 4 we try to identify in which cases we
can refer to a non-anthropocentric visuality. In section 5 we answer the ques-
tions that were presented at the beginning of this paper and section 6 presents
our conclusions.

The subject of this paper is quite wide in its scope, which we acknowledge.
However, we believe that the issues raised here are crucial and contribute to a
better understanding of future technological and visual developments, partic-
ularly if we take into consideration how visual regimes are fundamental in the
constitution of governance policies, social and material organization, and in the
production of knowledge. It is also important to mention that this paper follows
the fundamental contributions made by the work of Nicholas Mirzoeff (2011)
regarding the development of the concept of visuality and Benjamin Bratton
(2016) regarding the conception of a global technological-computational net-
work. These are the two aspects this paper will most fundamentally support
itself on and try to work through.

Methodologically, this paper follows a qualitative approach and suggests
that a non-anthropocentric visuality should motivate a critical consideration re-
garding the production of visual information, and that such a visuality can come
to influence the way we deal with and interact with said information. This paper
also suggests that a non-anthropocentric visuality should motivate critical con-
sideration regarding the production of visual information, and that such a visuali-
ty can come to influence the way we deal with and interact with said information.
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2. Defining a Non-Anthropocentric Visuality

The concept of non-anthropocentric has been extensively debated in the the-
oretical field over the last decade (Haraway 2016b; Iovino 2010; Latour 2005;
Pschera 2016; Svoboda and Haqqg-Misra 2018). Often framed within the field
of environmental ethics and animal studies, interest in the concept of non-an-
thropocentric has, however, been expanding beyond these domains (cf. Braidotti
2019; Grusin 2015). Non-anthropocentrism, as well as the non-human, arises
in many cases informed by the concept of Anthropocene which has defined the
most recent developments within critical theory. Its ecological, political and so-
cial contours have often been discussed under the subcategorization of ‘non-hu-
man turn’ (Grusin 2015; Hoty-tuczaj 2018).

The non-anthropocentric is often characterized as that which opposes an
anthropocentric perspective and seeks to move away from a strictly human-fo-
cused framing. Non-anthropocentric thinking has underlined an inter- and in-
tra-species link, deriving knowledge from multi-species communities, and
bringing into focus how meaningful experiences and relevant information can
be constructed from our experience “as sentient beings among a diverse array
of other sentient beings” (Frie 2021, 35), while refusing the premise that human
beings hold sovereignty over the rest of the world (Braidotti 2019; Hoty-tuczaj
2018, 170). Throughout this paper the concept of non-anthropocentric will ac-
knowledge this theoretical framework but will not be limited to it. Our use of
non-anthropocentric will contemplate non-human agents (living and non-living),
technological apparatus and computational processes.

Considering that the perspective advanced here regarding the concept of
non-anthropocentric visuality is going to be distinct from the concept of anthro-
pocentric visuality, we will first clarify what is our understanding of the latter.
An anthropocentric visuality focuses on the human and is inherently associated
with the ocular globe and with an ocularcentric visual domain. An anthropocen-
tric visuality reproduces ocular conditions and is always dependent on a human
positioning, scale and perspective (cf. Campos 2011, 18). It can be argued that
the anthropocentric domain contributes to a particular optical phenomenology,
through this optical preference, and through the devices and technologies that
prolong and amplify the human eye (Branco 2013, 298-299). The human eye
and the subsequent “omnipresence of optics” became “a source of discursive
attraction” (Medeiros 2012, 24, 107), which started to associate vision and the
ocular globe with reason and objectivity (Branco 2013; Id. 2022). This way, the
mediation of the visual and its representation justified a connection with the idea
of truthfulness, fundamental for the knowledge that was constructed out of vi-
sual information. As we will see below, there is, on the other hand, visual infor-
mation that is not focused on the human and that does not seek to reproduce
ocular conditions.
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As Mirzoeff (2011) refers, visuality is a 19th century term that was first
implemented by Thomas Carlyle that does not refer to the totality of images and
visual devices, but to the visualization of history (3, 124). For the author, visuality
is directly related with authority and harks back to the battlefield and the abil-
ity to visualize and strategize from it. By representing a visualization of history,
this visuality imposes an authority and sovereignty of its own. Visualized power
becomes an “epistemic apparatus” and generates a discourse that, more than
vision, is about historical, social and cultural power (Ibid., 132). This visuality is
characterized by a social and historical control that requires mastery over the
visual, social, economic and topographical fields (Ibid., 295).

The framework from which Mirzoeff conceptualizes visuality and counter-
visuality is inherently postcolonial and decolonial. This theoretical perspective is
fundamental for the systematization of an epistemological framework that con-
textualizes and systematizes the links of proximity between visuality, authority,
law and sovereignty. Informed by Foucauldian thought, this framework defines
visuality as “a technique for waging war appropriated as a means to justify au-
thority as the imagining history” (Ibid., 277), and always has as its purpose the
enforcement of violence and surveillance. From the plantation complex to the
era of “visualized information war”, visuality is always a condition of cultural
domination, and socio-hierarchical division (Ibid., 57, 62, 295)

Mirzoeff’s conceptualization of visuality is correlated with the “sovereign
eye of the genius” (Ibid, 124). In this sense, this concept of visuality is always an-
thropocentric and ocularcentric, since all the devices that reinforce this visuality,
like photography or surveillance cameras, reproduce human ocular conditions.
But what happens when we consider the process of visualization of history be-
yond an anthropocentric perspective, integrating in this process the influence of
agents which contribute, influence and condition the process of historical con-
stitution and, therefore, epistemic production? If we consider visuality as the
process of visualization of history, then history is also about the systems, arti-
facts and agents that allow for that same visualization and that reinterpret and
re-signify it.

In this paper, non-anthropocentric visuality will be understood as a his-
torical visualization that is both decentered from an anthropocentric position,
scale and perspective, and from anthropocentric ocular optics. A non-anthro-
pocentric visuality, in its genesis, does not seek to reproduce ocular conditions
and does not focus exclusively on the human. A non-anthropocentric visuality
moves out of a human perspective, allowing for a historical visualization struc-
tured by non-human actants. It is also important to note, as we will clarify be-
low, that a non-anthropocentric visuality is distinct from a non-human visuality.

This paper does not argue in favor of a substitution or superimposition of
a non-anthropocentric visuality to the detriment of an anthropocentric visuality,
or in relation to an ocularcentrism. It simply identifies and systematizes a set of
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developments, which could constitute what could be considered a parallel visu-
ality — sometimes even convergent — with the dominant ocularcentrism. These
considerations aim to clarify how this visuality manifests itself and spell out possi-
ble implications in relation to how we implement, organize and report visual infor-
mation. Likewise, this paper does not intend to make any assertion or axiological
consideration regarding the possibilities of a non-anthropocentric visuality.

3. Apparatuses and Mediation

The domain of visual information, which is itself subsumed under processes of
transmission of information, is subject to the influence of information technolo-
gies that, consequently, shape visualities. The field of visual information is cur-
rently conditioned by a set of technologies and devices that precede, shape and
organize that same field of information. This means that in all information pro-
cessing processes there is a fundamental correlation between techne and epis-
teme (Flyverbom, Madsen and Rasche, 2017; Manovich 2020, 131-132).

Reiterating this same aspect Vial (2019) argues that nothing happens in
life without a phenomeno-technological mediation (133). The specific techno-
logical system of a specific era defines the phenomenal aspect of the world we
experience. Each technological system, assisted by the artifacts and tools that
materialize it, creates ‘ontophanic’ conditions that are always material condi-
tions of a unique and particular phenomenological manifestation (Ibid., 137,
138). That is, each “historico-technological era” creates objectively singular
circumstances. The subjective perception of the phenomenological experienc-
ing of the world is always “a technoperceptual birthing before the presence of
things. To learn to feel this technopereptual aspect of presence means access-
ing ontophanic feeling.” (Ibid., 139).

The existential quality of our world also depends on our ties with artifacts,
which are more than mere passive recipients (Ibid., 127). The apparatus, which
is always mediation, therefore occupies a fundamental place in the debate con-
cerning visual information. Apparatuses “as techno-transcendental structures
make the world be (factitivity of make-be), as much as they condition the possible
experience that we can make of it (factitivity of make-make).” (Ibid., 115). This
means that the apparatus is not neutral, but an object that has its own history and
integrates the complex process of producing “objective knowledge” (Wark 2016,
160). The apparatus, especially the scientific apparatus, acts upon the world and
in the search for objectivity cuts the world “over and over again ... getting com-
parable results. But the results are always the product of a particular apparatus,
which makes the cut in the world in a particular way. What is measured is not the
world, it is rather the phenomenally produced in this particular apparatus.” (Ibid,
157). Underlining the link between episteme and techne and how dependent the
production of knowledge, or transmission of information, is on the objects and
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mechanisms that actually produce it, McKenzie Wark states that “The real is a
phenomena that the apparatus produces. An apparatus is not an idea; it is techne,
a media.” (Ibid., 159). There is an intrinsic relationship between the phenomeno-
logical perception of the world, and the information and the devices that material-
ize it. “It is the apparatus that produces the phenomena ...” (Ibid., 161).

For some authors, this mediation becomes particularly evident in the case
of the visual production of science or in what Don Ihde calls “science’s visualism”.
Scientific objects and apparatus, as well as all imaging technologies “transform
perceptibility” while maintaining “the obvious analog qualities of ordinary vision”
(Ihde 2002, 44).

Even though lensing apparatuses transform a phenomenological perception,
the mediations of imaging technologies, as Don Ihde refers, are always ground-
ed in an “embodied vision”. Even though the technological or scientific apparatus
might displace ocular vision with what Ihde calls a “second sight” it remains per-
petually bound to the “anthropomorphic invariant”. No matter how complex the
technological mediation might be, it is always perceived by a bodily perceiver.

This “invariant” seems to suggest that it might be difficult to speak of a
non-human visuality, at least within the framework presented here. If one un-
derstands non-human visuality to be a (historical) visualization that takes place
outside human visual perception and human scientific apparatus where one only
considers the conditions of information production by non-human agents and
actants, this would imply that it would be possible to perceive these visualiza-
tions without any sort of human mediation, apparatuses or methodologies, that
would distort, through this translation, that same visual information. The concept
of non-human visuality assumes that we could perceive visualizations outside
the human cognitive experience, through mediation processes, that do not alter
them. At the moment, it seems difficult to conceive of this possibility. In other
words, it would be necessary not only to produce “non-human information”, but
also a “non-human representation” of this information.

This paper will therefore consider the idea of a non-anthropocentric visu-
ality, which will be distinct from a non-human visuality. The difference resides
in the fact that the first one manifests itself from visual information produced
displaced from human ocularcentric perception, even though the order of what
is measured and the experience of measuring is always invariably human. Even
if it is produced outside the human ocular capability, it is almost always orga-
nized towards human use. In short, non-anthropocentric visuality conceives a
historical visualization beyond an ocularcentrism, but for human knowledge. A
non-human visuality, on the other hand, presupposes a visualization of an ex-
perience which seems to be impossible to be perceived outside anthropologi-
cally conditioned apparatuses. It would only be possible to speak of non-human
visuality if the processes of representation of certain visual information were
also non-human. Since all our visual information is always represented through
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anthropological apparatus and methodologies, presently it only seems possible
to speak of a non-anthropocentric visuality.

The next section will demonstrate that the emergence of the accidental
computational megastructure to which Bratton (2016) refers to and which be-
gins to structure our visual domain, introduces dynamics of visual information
production that do not reproduce ocular conditions. Besides going beyond hu-
man visual capability, these dynamics allow for extra-ocular historical visualiza-
tion and other forms of sensing. Following the question if it is possible to speak of
a non-anthropocentric visuality, the next section seeks to identify cases of visual
information production that are decentered from the dominant ocularcentrism.

4. Non-Anthropocentric Visuality

As it was mentioned, the non-anthropocentric perspective is commonly inserted
in a biotic, animal and ecological framework (Brina et al. 2021; Frie 2021; Grusin
2015; Iovino 2010). The non-human turn and questions regarding the develop-
ment of fields of knowledge interested in considering a comprehensive concept
of ecology, suggest a tendency to incorporate data and information from dis-
tinctly non-anthropocentric perspectives.

When we speak of a non-anthropocentric visuality that does not repro-
duce ocular conditions and does not focus on the human we speak, first of all, of
a visualization that takes place outside human positioning. That is, visual infor-
mation that is produced by non-human biotic agents, synthetic elements, eco-
systems and various sets of “bodies, machines and other chemistries signaling
to itself about itself” (Bratton 2016, 340).

As Mirzoeff underlined, the aggregate of visual information by which a vi-
suality emerges, does not have to refer strictly to images (2011, 295). Chips,
sensors, lasers and non-human actants are fundamental elements of these pro-
cesses, through which a relational dynamic is established. One of the most re-
cent examples of an expanding network of sensory and informational sharing is
the case of the Internet of Animals. In this network, the ocularcentric position is
displaced to other non-human species. The broad concept of the Internet of An-
imals, and more specifically the ICARUS project by Matin Wikelski, resort to the
use of bio-logging technological devices in order to capture and sense physio-
logical information, geolocation, topographical information and acoustic tracking.
Through this information are generated maps patterns of migratory movements,
maps that make visible the reasons why certain species behave as they do, and
maps that aggregate biologically relevant data and try to understand the rela-
tions of causality and interactivity between species and the environments they
occupy (Curry 2018; Wild et al. 2021).

Maps and information systems such as those generated by the ICARUS
project, or the Internet of Animals more generally, move away from notions of
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“embodied vision” (Ihde 2002, 46) or “emplaced vision” (Brantner 2018, 24) that
are always inherently linked to a terrestrial, human positioning. These two cases
refer to a displaced or decentered (shared) vision, which is now materialized
from positions outside our own through various actants, whether non-human
species or electronic apparatuses and devices (cf. Latour 2005).

The ocular decentering of which non-anthropocentric visuality can be
symptomatic of is not only related to the integration of other non-human po-
sitions, but also to the incorporation of scales inaccessible from an individual
human experience. The visualization made possible by the ICARUS project is
conceivable not only thanks to the incorporation of positions outside the human,
but also because there is a large computational structure that allows for the
aggregation and connection of several sensors, physiological data, geographic
data and acoustic tracking into a coherent system.

This large structure is conceptualized through what Benjamin Bratton calls
The Stack, defined as a “global technical system” and “geopolitical geography”
(Bratton 2016, 19). This multi-layered “accidental megastructure” (Ibid., 8) is one
of the most complete and influential theories of the global technological-com-
putational network. Leading theoretical contributions that focus on the influence
of electronic computational devices within the anthropological realm, often do
so according to an anthropological scale (Brantner, 2018; cf. Floridi 2015). Ben-
jamin Bratton’s The Stack conceptualizes beyond these scales and frameworks.
As an aggregate of a global technological network, The Stack moves away and
decentralizes itself, first and foremost, from a strictly human positioning and
scale. On the other hand, as an architecture composed by layers, the model of a
global technical system is characterized by an interoperable dynamic.

At this scale the processes of mediation and the information aggregation
logistics are illegible and incomprehensible, which means the territory of the
visible and the image are fundamental when it comes to consider information
produced by this network. One of the main functions required of visual devices
is therefore the coalescence, reconversion, description and aggregation of infor-
mation, into legible and intelligible visual schemes. The language of this specific
production of visual information is characteristically diagrammatic, schematic
and descriptive (Bratton 2016, 231). Given that what is intended to be described
and schematized is, or may be, invisible (obstructed, for example, by under-
ground layers, adverse weather conditions, private ownership) this visual infor-
mation is made legible, in the very processes of interoperability, translation and
mediation of information.

Even though all this information is represented, analyzed and measured
according to human methods, apparatuses and agents, the fact that we are
able to witness a visual domain being constituted according to assemblag-
es that go beyond the human ocular apparatus and that, in the way it gath-
ers information, does not seek to reproduce these optical conditions, may be
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relevant. According to the author, this network is a medium of composition
that through actions of measurement, association, location, identification and
connection, produces “new creations in their own right” (Bratton 2016, 200).
Unlike processes of “digital mapping” (Brantner 2018, 25) or “locative media”
(Hjorth and Pink 2013), this network’s mode of organization makes it possible
to conceive visual information that exceeds human ocular competences, or put
differently, enables other forms of seeing and sensing (Bratton 2016, 153).

This mechanism can therefore be understood as part of a knowledge infra-
structure dedicated to a “reproduction of the world” (Wark 2016, 167), beyond
any ocularcentric capability or simulation. What is particularly important is the
fact that this reproduction of the world, which involves more than images, facil-
itates the assimilation of a set of different technologies that enable a collective
“self-understanding”, through which both we, as a collective social body, and the
world can sense themselves, and thus render and construct our own conditions
(Bratton 2016, 153; 2021, 46). The augmented capacity to sense is expanded
largely through non-human actants. Since the status of user is open to any living
and non-living being or object, it becomes evident that there is a relationship
between the ability to sense and visualize the world, and all the agents and ele-
ments that are not human. We therefore argue that the possibility to sense the
social, geological, topographical, atmospheric and ecological conditions of the
world through means other than human physical and sensory capacities seems
to be a feature of a non-anthropocentric visuality.

It may be relevant to underline, as Bratton understood, that the global
computation network is, for the most part, a set of non-visual systems that none-
theless manage to describe themselves as an image (Ibid., 341). This clarifies its
mechanical interoperability and its departure from an ocular logic, its ability to
produce and represent visual information, and the attention that must be devot-
ed to this network in order not to assume that the information produced by it is
invariably true, in particular, with regard to what concerns governance practices.

Both the last two aspects mentioned referring to a decentering of human
position and scale are based on the paradigm of classical computation. Would
there be relevant consequences for the topic of a non-anthropocentric visu-
ality, if we developed another type of computation that subjugated or made
classical computation nonessential? In this last segment we will try to briefly
consider this question, since there is currently another type of computation
being developed that could become relevant for the production of visual infor-
mation: quantum computation.

Quantum computation, as many researchers recognize, is at an early stage
of development (Su et al. 2020; Cai et al. 2018), which means that inferences
made from the information gathered, will be limited. We can at least refer to
the subdiscipline of quantum imaging that aims to develop new techniques that
allow for “optical imaging and parallel information processing at the quantum

194



level” (Gatti et al. 2008, 253), through the exploration of quantum-mechanical
phenomena (Yao et al. 2017). As opposed to current computational apparatus-
es that store their information in bits, quantum computers store information in
guantum bits, or qubits, which have distinct properties (entanglement, superpo-
sition of quantum states and quantum coherence) and provide this type of com-
putation with superior performance in terms of “information storage and parallel
computation” (Su et al. 2020, 214521).

Vision is and will continue to be one of the most important processes of
mediation concerning the acquisition of information (Yao et al. 2017) and the
complex process of cognition. If quantum computing were to have widespread
practical application as classical computing has today, it could have an impact
on the way we relate to visual information.

As it happened at the dawn of the internet — which was fundamental for
the development of visual theory, and visual information more broadly — the
application of information stemming from quantum computing occurs mainly
in the scientific and military fields. Quantum image processing algorithms are
applied to visualize experimental results related to medical imaging, pattern
recognition and quantum radar (Su et al. 2020; Wang et al. 2021). The pro-
cesses of quantum imaging processing and quantum computing also prove to
be useful in terms of how information is transmitted. Researchers have often
mentioned the underlying possibilities regarding cryptography, stenography,
watermarking and processes of encryption. (Yan et al. 2017; Yao et al. 2017).
It is also important to mention that within the scientific community there are
already proposed frameworks to represent “films” in quantum computers (Yan
et al. 2017), even though we do not yet know how “film” would behave or be
represented through a quantum medium. Quantum imaging therefore seems
to suggest a change in the current parameters of visuality, specifically in the
way information is aggregated and constructed.

Since there is a focus on the encryption process, and since processes such
as watermarking are possible, if the information produced by quantum comput-
ing becomes viable and disseminated, we might witness a dynamic that favors
attitudes of decoding and revelation in relation to visual information, as opposed
to contemplation or interpretation. Interaction instead of description.

Operating at a quantum scale and framework, this is possibly the field that
most deviates from the conception of visual information, understood in a tradi-
tional sense. In any case, we reiterate that the possible inferences to be made
are quite limited, and even if all these developments come to fruition, all these
processes and information, however complex they may be in relation to classical
computing, will continue to depend on human mediation and representations
made by human apparatus.
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5. Discussion

The conception of a non-anthropocentric visuality suggests the possibility of a
historical visualization that is not only human but also contemplates ecological,
technological, organic, biotic and synthetic realities.

So, can we speak of a non-anthropocentric visuality? As mentioned earlier,
the concept of non-anthropocentric visuality is characterized by a decentering
from ocularcentrism through the production of visual information by non-human
agents. According to this perspective, a non-anthropocentric visuality is distinct
from a “non-human visuality” and an “anthropocentric visuality”. In the domain
of a non-anthropocentric visuality, we witness visual information that is pro-
duced by non-human agents, and that is subsequently translated and mediated
by human apparatuses and human cognition.

As science studies, the ‘non-human turn’ and several studies related to
climate science and the Anthropocene demonstrate, the sovereignty of human
knowledge and experience over the rest of our planetary reality, has been con-
tinuously questioned. A historical visualization is no longer exclusively anthropo-
centric. Henceforth this visualization is also technological, geological, climatic
and pandemic. Although it is difficult to speak of a non-human visuality — which
would somehow manage to capture, measure and record information through
neutral apparatuses and neutral “bodily perceivers” (Idhe 2022, 48) — we can
assert that we observe the capture of data and visual information produced by
non-human agents and apparatuses, decentered from a non-anthropocentric
position, scale and perspective.

Taking into account that the apparatus is not only an extension of the
human but also a “User-subject of and for” other systems, objects, machines
and animals, often without human interference, it is also this new cluster of
participatory agents (whether they are machines, animals, apparatus, etc) that
enables a “decentering of human perspective in describing the potential plu-
rality of deep address haecceities, invoking potential Users across an abyssal
spectrum of scalar abstraction and physicalization” (Bratton 2016, 273), or
what Rosi Braidotti calls a “multi-scalar relationality” (Braidotti 2019, 46). If
the apparatus can be both used as a prosthetic, and as a user that “prosthet-
icizes the human” (Bratton 2016, 273) it is maybe this agency that allows us
to consider the idea of a dominion in which the autonomy of a visualization
(historical, technological, ...) does not depend exclusively on human power, as
we frequently assume.

Although there is always an observation, mediation and representation that
is invariably human and inscribes these processes of visualization in an inherent-
ly anthropological regime, and which in turn seems to hinder the conceptualiza-
tion of an objectively non-human visuality, the gradual extension and complexity
of these processes through an increasingly diverse network of agents, human,
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non-human, biotic and non-biotic, suggest the possibility of visualizing a set of
historical processes extrapolated and decentered from an ocularcentric reality,
outside of an exclusively anthropocentric framework.

If Mirzoeff conceptualized a visuality as a colonial, authoritarian and co-
ercive visual regime — always based on an ocularcentric framework —, the con-
ceptualization that we propose through the concept of “non-anthropocentric
visuality” is also an attempt to reformulate and rethink a regime that, through
the integration of a planetary reality, can be post-colonial, non-authoritarian and
non-coercive. No longer in the hands of the Hero, but constituted outside the
dominion of human hegemony, constructed and visualized away from an anthro-
pological epicenter. Beyond a critique of “weak anthropocentrism” (Frigo and
Ifanger 2021), the conception of a non-anthropocentric visuality seeks to clarify
which conditions, agents and protocols affect the contexts that produce cer-
tain information, in order to assess which agents allow and catalyze practices of
knowledge and the transmission of visual information.

We therefore argue that the visualization and representation of realities
and historical processes outside an ocularcentric perspective, seem to justify
the concept of a non-anthropocentric visuality, or at least, of an extra-ocular
visual domain.

So, why is the concept of non-anthropocentric visuality relevant and how
does it expand our conception of visual information? Visuality is not just about
images, but above all about the conditions that allow for or obstruct certain
images or visualizations. If the apparatuses and devices of a planetary techno-
logical-computational network allow for a collective social body to mediate it-
self through connections of information, energy and matter, then through these
same apparatuses there is a capacity for the world to “sense itself” (Bratton
2021, 41.44, 46). As the present pandemic has shown, measures aimed at public
health, social organization, border regulation or external policy are implemented
and actively based on a non-anthropocentric planetary-scale visuality, and its
subsequent “sensing” capacity, that is only made possible because of this global
network. Sensing is here understood as a perceptive capacity that is amplified
beyond the scale of what is only optically and ocularly perceptible.

As other authors have mentioned, sensing relates not only to a human ca-
pability, but also to a competence of matter, ecosystems and complex technical
assemblages (Fuller and Weizman 2021, 28). The construction of new sensors
and sensing capabilities through chains of technologies and organisms consti-
tutes new figurations and visualizations of reality (Ibid., 62). The “post-photo-
graphic” condition calls attention to these new visualizations, and therefore new
realities, which come to constitute a dynamic in which the value of visual infor-
mation derives not from individual images but from the relationship between
them, and the assemblages that these create among themselves (Ibid., 77). Just
as recent investigations try to think and act beyond the traditional conception
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of what aesthetics are or present themselves to be (Ibid.), this paper also seeks
to contribute and add to the question of what processes of historical visualiza-
tion can be, who can contribute to them, what they can look like, and what kind
of criteria should be cultivated within these visual regimes. Mirzoeff identified
the relationship that visuality (within an authoritarian and coercive framework)
established with modes of governance (Mirzoeff 2011, 125). The sensing ca-
pacity we are referring to (Bratton 2021) is, on the other hand, conceptualized
towards “positive biopolitics” which aim to animate sensing, reason, care and a
concern for how life can be repaired, sustained and preserved through the legit-
imacy and competence of “(non-policing) social governance” (120-132). There-
fore, it seems that in this sensing there is a capacity to understand a human and
non-human corporeal materiality, in an integrated way.

On the other hand, the assimilation of physiological information, geolo-
cation, reproduction of satellite images, sensors and computational devices
according to scientific mediations and practices, carries with it the notion of pre-
cision and truthfulness, of which we must remain aware. The visual information
of non-anthropocentric visuality, through the visibilities or invisibilities it pro-
duces, through the agents it incorporates or excludes, through the calibration it
implements, influences governance practices that are based on (visual) informa-
tion, which is not always unquestionably objective, true or legitimate. While the
framework of a non-anthropocentric visuality could be used to condition specific
interpretations, the information it produces, and more importantly the informa-
tion it represents, should not always be considered inherently true. To consider
the idea of a non-anthropocentric visuality also means one should remain atten-
tive as to how such visual information is used to justify or legitimize practices of
governance. Visual information assembled through planetary-scale computation
is today a constituent element in decision-making regarding the accuracy of geo-
graphic boundaries (seen, for example, with the 2010 border dispute between
Nicaragua and Costa Rica in relation to the mapping made by Google), enabling
or constricting migratory flows (Transborder Immigrant Tool App), domestic and
foreign policies (seen with Strava’s Global Heatmap that revealed the location
of previously unknown American military bases in 2018), or control of natural
resources (Bratton 2016, 119, 120, 173).

Lastly, certain aspects of non-anthropocentric visuality may give rise to
different attitudes from the ones that prevail today, in relation to how and what
we consider visual information. The processes outlined in section 4 suggest ac-
tive dynamics of decoding and detection of underlying or implicit information
that, in case they become viable, will have a clear influence on the processes of
visual production and consumption.

Succinctly, this paper conceptualizes a non-anthropocentric visuality as
the possibility to visualize a set of historical processes and developments outside
a necropolitical framework (Mirzoeff 2011, 300) and outside the sovereignty of
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anthropocentric ocularcentrism. We argue that a non-anthropocentric visuality
stands as an opportunity to reconfigure and finally set aside the colonial and im-
perialist legacy of visuality and make use of the visualization of history through
positive integrative policies (cf. Lowerre-Barbieri et al. 2019; Bratton 2021, 145)
that refrain from restraining, controlling or surveilling. Through a collective ap-
proach and an ethical standing, ocularcentric history now holds the possibility to
extend and build a more complex visual domain and expand the conception of
images and anthropocentric vision.

We conclude with an outline of questions that can and should be consid-
ered in the future. First, can the non-anthropocentric visual dominion be con-
sidered a development of an anthropocentric visuality? If we assume that a
historical visualization has to be a visualization beyond human physical limita-
tions that contemplates synthetic and ecological technological realities, does it
make sense to make a distinction between an anthropocentric and a non-anthro-
pocentric visuality? On the other hand, if we assume that a non-anthropocentric
visuality manifests a reproduction of planetary conditions, can we speak of a
maintenance of such a visuality? Is it possible to say that humans have ceased
to be the main agent of its maintenance? And should there be a concern with the
maintenance of this visuality and the reproduction of planetary conditions?

6. Conclusion

In short, a non-anthropocentric visuality is the aggregate of visual information pro-
duced outside ocularcentric hegemony that promotes other forms of sensing that
go beyond the human sensory capability. The global technological-computational
system facilitates and enables the perception of this visuality and allows us to per-
ceive that in it there is no reproduction or simulation of ocular conditions, but only
subsequent conversions and translations of information into readable formats.

While XIX century visuality was based on the sovereign eye of the Hero
which reified the maintenance of authoritarian, colonial and state power, a
non-anthropocentric visuality relies on the non-human agents and apparatuses
themselves that allow for a biocentric historical visualization and reproduction
of the world, including sensing beyond human physicality. If we accept that a
historical visualization is no longer merely anthropocentric (and climate science
and the Internet of Animals make very strong cases in this regard), it makes
sense that we may observe other types of non-anthropocentric visualities and
epistemes that reflect this shift.

Lastly, as stated before, this paper does not seek to make axiological
considerations. But if we can, indeed, speak of a non-anthropocentric visuality,
moving forward it will be important to consider in depth the ethical and moral
implications of this visuality, and attempt to understand in detail its influence
in the fields of biology, political theory, visual theory and data science. Even if
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future developments qualify the concept of a non-anthropocentric visuality as
flawed or deficient, it will be nonetheless important to thoroughly study and
examine the array of visual information that is produced outside of an ocular-

centric dominion.
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Data Visualization

as Portraiture: An analysis of
the use of personal data in the
visual representation of wentity

This paper analyses aesthetic and design artefacts that represent the identity
of an individual through the visualization of personal data, focusing on their
reflexive, documental, and biographical potential. To this end, it analyses the
concepts, data types, design methodologies, and visualization techniques, as
well as the experiential characteristics of these artefacts. This analysis is part
of an ongoing research that explores data visualization techniques for the rep-
resentation of personal identity, highlighting the potential of using personal
data as a raw material for portraiture. The research is motivated by the current
context of technological ubiquity, wherein virtually all human activities inevita-
bly leave a digital trace. It explores the potential of these records of personal
data to convey characteristics of identity that are relevant in private and social
spheres. As such, it also points to a reconceptualization of portraiture driven
by computational media, as the representation of personal identity through the
use of personal data.
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1. Introduction

Our current daily activities are constantly mediated by a growing number of tech-
nological devices capable of quantifying and recording various aspects of hu-
man life in the form of digital data. These records can include vast sets of highly
personal information about actions, habits and preferences, social and intimate
interactions, as well as bodily functions. These data refer to specific individu-
als who can be identified through them (Wolf 2010). Drawing on the notion that
“new media offer new opportunities for self-definition” (Bolter and Grusin 2000,
231) this research explores how the visualization of personal data can efficiently
convey characteristics of one’s identity.

In doing so, it also seeks to highlight the wider uses and implications of
personal data, by addressing issues related to one’s agency and control over
personal data (Kennedy et al. 2015; Mun et al 2010). In this sense, authors such
as Stepanchuk (2017) point to a growing hegemony of entities that facilitate the
development of technology that enables the collection and archiving of personal
data. In this context, they highlight how the construction of identity becomes
conditioned by the affordances of technology, as a result of technological deter-
minism (Poletti and Rak 2014). They point to the implications and, not yet fully
predictable effects, that digital technologies have on human ontologies (Hernan-
dez-Ramirez 2017; Floridi 2014), as they structure an individual’s relationship
with themselves and with others.

Authors like Zuboff (2019) and Harary (2015) highlight issues of commer-
cial exploitation and social manipulation through the collection and analysis of
personal data. But despite the current context of surveillance capitalism high-
lighted by these authors, there are alternative views and creative approaches
to the use data produced by and about individuals. Designers like Lupi (2017)
explore data from a humanist perspective, through the creation of visualiza-
tions that support decision-making processes (Ciuccarelli et al. 2014). These
approaches also seek to facilitate social interactions between users in digital
environments (Donath 2017) or seek to provide the individuals with mechanisms
of self-knowledge that allow them to act upon themselves (Foucault 1998; Flo-
ridi 2011). Motivated by these ideas, this paper is part of an ongoing research
that explores the concept of “data portrait” as coined by Xiong and Donath to
describe “representations of people made by visualizing data by and about them’
(Donath 2017, 187).

’

2. Data Portraits
The first notable experiences around the concept of data portrait emerged in
the late 1990s, to represent participants in online forums. In this context, visu-

alizations were created by mapping each user’s activity to help group members
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1. The PeopleGarden (1999)
project was one of the first
data portraits created at MIT
Media Lab by Rebecca Xiong
and Judith Donath. It used the
“simplicity and intuitiveness”
of the garden metaphor to
“convey how user’s behaviour
changed over time” (Xiong and
Donath 1999).

2. For example, Portrait of
Deb from 1988-199? (2012-
2013) by L. J. Roberts, results
from a series of embroidered
emblems collected by

Deb, as the outcome of an
autoethnographic practice.
The work is based on the
notion that material objects
express meaning and employs
enumeration techniques and
personal inventory as a form
of portraiture (Goodyer and al.
2016, 240). Another example
would be Everyone I Have Ever
Slept With 1963-1995 (1995),
by Tracey Emin, which is an art
installation composed of a tent
with the appliquéd names of,
literally, everyone she had ever
slept with, including family,
friends, lovers and even two
numbered foetuses (West
2004, 211).

“to make sense of each other” (Donath 2017, 198).* A data portrait can then be
defined as a graphic representation of personal identity achieved through the
visualization of personal data. It is the result of a multidisciplinary practice that
essentially applies data visualization techniques to the realm of portraiture. This
approach to portraiture is reminiscent to forms of artistic production that appro-
priate techniques from scientific disciplines, such as the exhaustive observation
of daily life, data collection, analysis, and inventory, as an ethnographic basis to
produce aesthetic artefacts (Morley 2007).”

Addressing the notion of data portrait implies debating the relationship
between portraiture, data and visualization (Sampaio et al. 2019). Commonly,
a portrait seeks to evoke an individual by visually conveying characteristics of
their identity (West 2004). This can be done by depicting similarities related to
their physical appearance. It can also be accomplished by resorting to contex-
tual elements, such as certain poses, clothing, and everyday objects that illus-
trate their habits and interests, and thus convey the identity of the person they
represent (West 2004). For Xiong and Donath (1999), the online equivalent of
these contextual elements is behavioural data. Data are “abstract in nature and
in themselves are meaningless. Only when organized and contextualized do they
produce information” (Lee 2014, 19). Thus, data can be considered raw material
from which information emerges, through cognitive processes and visual per-
ception (Meirelles 2013). Accordingly, visualization can be understood, on the
one hand, as the formation of ideas resulting from the human ability to reason,
that is, to the creation of a mental image. On the other hand, it refers to the
materialization of an image that allows to represent something visually, that is,
the conversion of concepts into images or visible forms (Almeida 2017). In the
field of information design, visualization is a representation technique that com-
prises the mapping of abstract data into a graphic system to produce meaning
(Manovich 2002).

As we have discussed elsewhere (Sampaio et al. 2019), the visualizations
of personal data addressed in this paper can be understood as ‘portraits’ be-
cause they visually communicate personal identity by fulfilling biographical and
documentary functions. Nevertheless, they differ from most traditional forms of
portraiture because, rather than conveying identity through physical appearance
(conveying gender, age, or race), they do so by highlighting behavioural traits and
patterns related to one’s lived experience, habits and interests. In this sense,
data portraits do not describe one’s appearance but evoke one’s experience.

3. Functions of data portraits
Data portraits take advantage of the potential of personal data as the product
of one’s daily experiences to convey identity traits. However, rather than merely

assuming an analytic stance, data portraits also value the subjective expression
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3. This type of work is
conducted to enable the
same exploration of identity
that characterizes traditional
portraiture, but they employ
different techniques, such as
enumeration and personal
inventory. Thus, these works
“shift the attention from the
portrait’s iconic qualities to its
indexical ones” (West 2004,
212). As Whitelaw (2008)
observes “Data here is first

of all indexical of reality. (...)
These works gather existing
data from the network,
drawing together thousands
of elements that are already,
unproblematically, ‘out there’.
This reinforces the sense of
collapsed indexicality; these
data points have causes
(authors) of their own that in
some sense guarantee their
connection to reality, or at
least defer the question of that
connection. Data’s creation
—in the sense of making a
measurement, framing and
abstracting something from the
flux of the real — is left out.”

4. As aesthetic artefacts,
data portraits try to trigger
“subjective experiences such
as introspection, surprise or
aesthetic fruition” (Almeida
2017,100).

of what is commonly understood as objective, numerical data as an index of
reality.? In this sense, they resort to “techniques from the universe of statistical
analysis, but their purpose is artistic” (Donath 2017, 209).*

As designed artefacts, data portraits also fulfil specific expressive and
communicative functions that are similar to their traditional counterparts, as an
‘artistic” endeavour with a “biographical” or “documental” function, as a “proxy”,
or even, as a “political tool” (West 2004, 43-69).° In this sense, data portraits
can act as a proxy, double or substitute for users in virtual environments (Donath
et al. 2014). They can also work as a mirror or a self-reflection that allows the ob-
servation of behavioural patterns (Sampaio and Ribas 2021). Additionally, they
can be a critical discourse and promote awareness of the wider implications of
our digital footprint and our loss of control of the data produced by and about us
(Donath et al. 2014).

[{

3.1. The data portrait as double

To establish interpersonal relationships in virtual environments we need inter-
faces that allow for self-representation, because personal identity is not em-
bodied. In this context, the selfie has become the preferred way of “bringing
the face to the interface” (Donath 2001). However, despite being a mimetic
representation, its use is more advantageous in social networks where users
know each other in real life, because, without this reference, the selfie loses
its contextual value and can become ambiguous or even misleading (Donath
2001). Consequently, alternative modes of self-representation based on quan-
tifying behavioural data, such as data portraits, can be less prone to be elusive
or misinterpreted (Rettberg 2014).

Xiong and Donath (1999) identified several advantages in representing
individuals in online communities through their behavioural data. One of them
is that this kind of representation offers context, comprising a history of past
interactions within the community. Also, user status can be updated according
to their most recent interactions. As such, these visualizations can evolve and
change over time, sometimes in real-time. Being based on objective and non-an-
onymized data these portraits can be considered reliable. At the same time, they
also provide some degree of privacy, as they produce meaning only within the
context of the platform on which they are generated (Donath et al. al. 2014).
Finally, as they do not rely on mimetic attributes, they ideally eliminate stereo-
types since assumptions about the subject/user are based on their real actions
and not on potentially biased characteristics such as sex or race (Donath 2001).
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5. West (2004, 43-69)
summarizes the functions of
traditional portraiture as

“the portrait as a work of art”,
“the portrait as biography”,
“the portrait as document”,
“the portrait as proxy or gift”,
“the portrait as commemoration
or memorial” and, finally, “the
portrait as political tool”. As
proposed by West, portraiture
is traditionally understood as
serving “functions that other
works of art have not (...) in a
way that is unique to its genre”
(West 2004, 220) given that
portraits “are representations,
but also material objects” (West
2004, 43).

6. Lupton expands on the

idea that the materialization

of personal data through its
visual representation connects
data with users on her book
Quantified Self (2016).

7. Behavioural surplus is
described by Zuboff (2019) as
data that goes beyond online
product and service use.

3.2 The data portrait as a mirror

In addition to conveying socially relevant aspects of identity, and due to their bi-
ographical and documental nature, data portraits can also fulfil a reflexive func-
tion by expressing traits of identity that are most significant within the personal
sphere. In this case, the data portrait is designed to act as a “data mirror” re-
flecting one’s behavioral patterns (Donath et al. 2014).

Much in the same way several artists have used the self-portrait as an ex-
ploration of their identity throughout history (West 2004), modern self-tracking
technologies also facilitate this type of biographic record through data collection
and visualization. When coupled with self-tracking techniques, the data portrait
can materialize as an interface between the user and their data. Like a traditional
self-portrait, it can be a means for self-knowledge and exploration. In this sense,
data portraits can be framed as “technologies of the Self” (Foucault 1998). As
Foucault argues, these technologies allow individuals to “establish a closer and
truer relationship with themselves” (1998, 18). They belong to a set of specific
techniques that human beings use to produce knowledge about themselves and
to implement changes on their own lives in order to optimize them (Lupton 2014).

According to Donath et al. (2014), in the private sphere, data portraits
function as “data mirrors, portraits designed to be seen only by the subject, as
a tool for self-understanding”. This reflexive function results from the affective
relationship that the user creates with data when visualized (Pink et al. 2018).
According to studies carried out by Lupton (2016)° and Pink et al. (2018), per-
sonal data, when visually represented, acquires a symbolic value and generates
feelings of belonging, which are associated with memories and a notion of con-
tinuity. As with photographs displayed in an album, data portraits thus acquire a
sentimental value due to their biographical and documental qualities.

3.3 The data portrait as critical discourse

In most of our daily activities, in addition to the information we intentional-
ly create and give away, vast records of data are generated without our full
awareness, resulting in a digital footprint that is also accessible to other par-
ties, such as government agencies, commercial companies, and data brokers
(Rettberg 2014). However, we have little or no access to those data or the rep-
resentations made of us, even though they are the product of our actions and
interactions (Harary 2015).

Feeding on our “behavioural surplus” (Zuboff 2019)” algorithms are con-
stantly analysing our identity, by translating our actions, preferences, and interests
into behavioural data. This process of data extraction began online, resorting to
metadata as “device/software generated data” that is “necessary for every ac-
tivity on the internet” (Joler et al. 2015a), but is continually being driven towards

207



8. As sources of information
on the projects, we resort

to direct observation,
authors’ documentation, and
bibliographic references to
the analysed works, as in the
previous study (Sampaio and
Ribas 2020).

[

new sources in the real world. Metadata is indispensable for communication on
the internet as we know it today, but it is also extraordinarily intrusive. As stated
by Edward Snowden in a conference call in 2014, “Metadata absolutely tells
you everything about somebody’s life. If you have enough metadata, you don’t
really need content” (Joler et al. 2015b). According to Zuboff, in the context of
‘surveillance capitalism”, the use of these data goes far beyond online product
and service improvement, as it is now being primarily claimed “as free raw
material for hidden commercial practices of extraction, prediction, and sales’
(Zuboff 2019, 8).

In this context, data portraits may provide a better balance between the
intentional ways we convey our identity and the unintentional traits of identity
we provide to third parties. By making our digital footprint visible and accessible,
data portraits can be a means to attain some degree of agency over person-
al data making it “accessible, understandable, and actionable for our every-
day tasks” and, as such, connect “people with timely and meaningful insights”
(Bonde 2013).

Data portraits can also build a critical discourse on the established power re-
lations around personal data, evoking current debates on data protection and pri-
vacy, and the common disregard of big data companies of user’s rights and control
over private information. As such, data portraits also fulfil a political function when
devised as critical statements on current data commodification practices and data
policies. According to this view, data portraits become not only an expression and
manifestation of an individual’s presence in the world but also “a point of view on
that world and a way of potentially recreating or restoring it”, considering that, as
stated by Medeiros (2000, 36), “to represent is always to revolutionize”.

}

4. Analyses of data portraits

In order to further understand the expressive and communicative functions of
data portraits, as a double, self-reflection and according to their critical stance,
we analysed a set of artifacts concerning their different creative approaches to
the visual representations of identity based on personal data. The current analy-
sis updates and expands a previous one (Sampaio and Ribas 2020) by delimiting
the scope to artefacts that use computational means for collecting, processing,
and visually representing data, to highlight the mediation of identity by technol-
ogies of everyday use.®

4.1 Scope
The current selection of aesthetic and design artefacts corresponds to works
that 1) aim at the visual representation of personal identity, 2) resort to the visu-

alization of personal data, 3) are based on computational media and 4) are not
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9. The analysis framework was
adapted and expanded from

a previous study (Sampaio

and Ribas 2020) and based

on a model proposed by Ribas
(2014) for the analysis of
digital computational systems.
It is also based on the model
that describes the process

of deriving information from
data through its visualization
described by Fry (2008),
which in turn systematizes the
“informational-digital praxis”
proposed by Renaud (2003).

visually mimetic. This selection seeks to comprise a diversity of projects, ranging
from the emergence of the concept of data portrait, as established by Xiong and
Donath in 1999, to the present day:

PeopleGarden, Rebecca Xiong & Judith Donath, 1999
Authorlines, Fernanda Viégas & Marc Smith, 2004

A Week in the Life, Andreas Fischer, 2005

The Dumpster, Golan Levin, Kamal Nigam and Jonathan
Feinberg, 2006

5 Themail, Fernanda Viégas, Scott Golder and Judith Donath, 2006
6. Fitbit, Gadi Amit et al., 2007 — ongoing

7. Personas, Aaron Zinman and Judith Donath, 2008

8

9

PwbhE

Spigot (Babbling Self-Portrait), Jason Salavon, 2010
. Atlas of the Habitual, Tim Clark, 2010-2011
10. TimeMachine, CADA, 2012
11. Nike Hyperfeel Experiment, Aramique, 2013
12. Heart Bot, Aramique, 2014
13. Data as Object, Brendan Dawes, 2014
14. The Art of the Thrill, Soso Limited, 2014
15. Porsche BlackBox, OnFormative, 2015
16. Good Night SMS, Paul Heinicker, 2015
17. The Sixth Sense, Clever Franke, 2016
18. Poisonous Antidote, Mark Farid, 2016
109. Floating Map (Life Location Project), Stephan Cartwright, 2016
20. Heart of Travel, Joshua Davis, 2017
21. Data Selfie, Data X, 2017
22. Halo, Peter Crnokrak — ORA, 2017
23. The Art of Feeling, Random Quark, 2017
24, Building Hopes, Accurate, 2018
25. OnePlus 7 Live wallpaper, OnFormative, 2019
26. Made to Measure, Studio NAND, 2020

4.2 Aim and focus

Considering the main communicative and expressive functions of data portraits,
the framework for analysis focuses on 1) the work’s concept, i.e., its motivations,
objectives, and approaches to personal data, 2) on the work’s mechanics, i.e.,
data collection and analysis processes in order to analyse how the work’s intent
is actually implemented, and 3) on the elements of their experience, i.e., the out-
puts, interfaces and behaviour of the work, addressing the main characteristics
of the visual representation and the kind of perception of the source data these
portraits allow.’
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In particular, we consider how the choice of personal data defines the
theme and content of the data portrait concerning their functions. We then ob-
serve the data collection and data analysis processes, which are implemented
at the level of their mechanics, as specific means to accomplish the work’s in-
tent. Finally, we observe the elements of the experience of each work, or what is
accessible for the user/audience to experience, in terms of surface (outputs and
interfaces) and dynamics (behaviour), which define the perception and experi-
ence these visualizations promote (Table 1).

Considering these specific points of view on the works analysed, we now
describe the categories of the framework, as informed by parameters refer-
enced below and as resulting from a comparative analysis of the works selected.

Concerning the works’ concept and theme or subject matter, the focal
point of the current analysis is the portrait’s intent as tied to the main functions
of the data portraits: as a double (a proxy of the user in online communities), or
as a data mirror (@ mechanism of self-observation through self-tracking), or as
a critical discourse (by re-appropriating personal data). Consequently, we find it
useful to specify different types of portraits: self-portraits, individual portraits,
and collective portraits. We also examine the motivation behind the creation of
the portrait, as an internal motivation tied to a personal discourse or artistic re-
flection, or whether it results from an external motivation, such as with the de-
velopment of a product or service.

Within the conceptual dimension, we also consider the works’ content, as
tied to its function and relating to the data sources used, whether collected from
avirtual environment or the real world. The typology of data is described in terms
of behavioural data, biometric data, data related to the surrounding environment.
A relevant aspect to this analysis is the ethnographic value of the data used in
the visualization that, according to Whitehead (2005), can express a wide ar-
ray of information about the individual portrayed, namely their physical charac-
teristics, psychological traits, social relationships, behavioural patterns, or their
physical environment.
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Table 1. Analysis framework.

1. CONCEPTS 2. MECHANICS 3. EXPERIENCE

| Portrait’s intent Data collection Informational structure
| Data double Service providers Hierarchical
Data mirror Devices Relational
| Critical discourse z Web 2.0 Temporal
w Type of portrait E Level of control SpatiaL
= | Self-portrait = Deliberate Spatio-temporal
F | Individual portrait g Non-deliberate Textual
| Collective portrait E Recording format Repres'entatiorlal stance
Motivation Textual § :nal:.'tlc-al
Internal Mumerical e Xpressive
! External Other a Modes of expression
Visual
| Data source i Data analysis Audiovisual
| Virtust emvironment ¥ | Statistical Material
| Real world 5 None Output format
Typology % Mot possible to observe ——
Behavioural data Physical object
= Biometric data Moving image
E Surrounding environment data Digital interface
S Ethnographic value

Physical characteristics Bahaviour of fhe-oufpu
. . Contemplative
Psychological traits

Social relationships g Ipeareesys
Behavioural patterns E Nature of the output
Physical environment E Static

Transient

Variable

Moving on to the mechanics of the work, or the specific implementation of its
conceptual aim, we examine how the data collection is done. Namely, through
service providers using digital network services (big data), devices with built-in
sensors (IoT), or provided by the user in social networks and other similar plat-
forms (web 2.0). A relevant aspect to the current analysis is observing the level
of control that the subject/user has over data collection processes. Based on
Selke (2016), we distinguish between a deliberate way of collecting data (i.e.,
using self-tracking tools) and a non-deliberate way (when data collection is auto-
mated without the active intervention of the user). The data recording format is
also considered, if it is textual, numerical, or other (i.e., image, sound), as well as
the processes of data analysis implied, to highlight if statistical analysis or other
methods are applied to personal data.

Finally, considering the experience of the data portrait, we focus on the sen-
sory expression and observable behaviour of the work, to understand the kind of
perception and aesthetic experience it promotes. We observe the type of informa-
tional structure employed in the visualization according to the categories defined
by Meirelles (2013), which can be hierarchical, relational, temporal, spatial, spa-
tio-temporal, or textual. Additionally, the representational stance of the visualiza-
tion can be analytical (if the visualization favours legibility) or expressive, when it
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Table 2. Analysis results
— concepts.

favours a subjective experience of the data, or an aesthetic experience promoting
reflection and inciting emotional response. The modes of expression of the output
can either be visual, audio-visual, or material, and the output format of the visual-
ization system can be a static image, a physical object, a moving image, or a digital
interface. Additionally, the nature of the output can be either static, transient (time-
based) or variable (real-time). Finally, regarding the dynamics of the data portrait,
the overall behaviour of its output can be merely contemplative or devised as an
interface allowing interactive exploration.

5. Tying concept, implementation, and experience

The results of this analysis point to the interdependency between conceptual
intent, relating to the functions of data portraits, and the types of data and visu-
alization strategies used, within a diversity of modes of expression and formal
aspects of data portraits.

5.1 Approach to personal data

We observed that these artefacts often articulate several expressive functions,
with a predominance of the reflexive one. Their theme is always shaped by the
personal data that visualizations use as content, which also relates to their ty-
pology (Table 2). Data portraits of the late 1990s and early 2000s were predom-
inantly aimed at representing users in online communities and were, at the same
time, individual and collective portraits (e.g., PeopleGarden, Authorlines, The-
mail) whose goal was to act as a double or proxy for the subject/user, commu-
nicating their identity to others. Subsequent data portraits are more diversified
thematically, also articulating various expressive functions.

Portrait’s intent Type of portrait Motivation Data source Typology Ethnographic value
Data double Self-portrait External Virtual environment Behavioural data Social relationships
Collective portrait Behavioural patterns
Data mirror Self-portrait Imternal Virtual environment Behavioural data Physical characteristics
Real world Biometric data Psychological traits

Surrounding environment data Behavioural patterns
Physical environment

Critical discourse Self-portrait Internal Virtual environment Behavioural data Physical characteristics
Individual portrait External Psychological traits
Social relationships
Behavioural patterns

Physical environment

Many of the projects analysed aim to represent individuals before themselves,
as self-portraits or self-observation tools through self-tracking (e.g., Fitbit, Time-
Machine, Halo). Some data portraits depart from this function to then construct
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Halo, peter Crnokrak —
ORA, 2017.

a critical discourse (e.g., Spigot, Data as Object, Poisonous Antidote). These por-
traits fulfill a political role, based on the aggregation and re-appropriation of per-
sonal data that is scattered on different networks and platforms. Such as the
case of Spigot (Babbling Self-Portrait) or Poisonous Antidote, which highlight as-
pects related to lack of privacy and security in the online world, raising questions
about who owns these data. Projects with this type of critical stance tend to
explore issues related to the individual’s agency over their data and are usually
moved by the internal motivation of their creators. In turn, projects that primarily
aim at conveying personal identity, fulfilling the function of data double, often
stem from external motivations and therefore have a more applied nature.

Regarding the data sources related to the portraits’ intent, we observed that
when the data portrait fulfils the role of a double, or a proxy communicatin