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ABSTRACT

Generative art continues to gain the interest of artists, scientists, and critics. Analysing and comparing generative art, however, is often
an ambiguous practice. This is due to two factors: 1) the commonly used definition of generative art is broadly defined, which puts a
large variety of works under the same heading. 2) As an attempt to mitigate this, various methods for classifying and comparing
generative art are developed, but these only facilitate a descriptive analysis of the generative systems within an artwork, and neglect
the role & contribution of those systems to the work as a whole. This complicates meaningful analysis, comparison, and discussion on
generative art. In this research, we aim to formulate an alternative perspective for analysing generative art, in order to develop a better
understanding of what generative art includes, where ‘the generative’ aspect in a work takes place, how the generative relates to other
aspects in that work, and how this differs from the generative in other works. To do so, we propose a framework and two concepts:
"autonomous ability” (AA) and "artistic significance” (AS). The framework examines 1) what elements (generative and non-
generative) are involved in the artwork, 2) what the role is of these elements within the artwork, 3) how autonomously these elements
are able to execute this role (i.e. level of AA), and 4) how artistically significant the contribution of this role is to the artwork as a
whole (i.e. level of AS). We apply the framework to a selection of eight generative artworks to test its working. Next, we compare the
results of all analyses with each other. Notable findings are that a) in most artworks the levels of AA and AS are not aligned, but
distributed over elements, b) the generative elements in a work often appear not to be the most autonomous, ¢) more (external)
elements than expected play a role in the generation of a work, and d) artworks that are not traditionally considered as generative art,
do appear to have generative properties when analysed through our framework. We conclude that these findings argue for an even
broader notion of what can be reckoned as generative art & what we include as its “systems”, and that this might challenge our idea of
how autonomous these creative systems truly are.
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1. Introduction

Over the past years, generative art has gained an
increased interest of artist, as well as scientist, and
critics. Recent developments in Machine Learning,
such as Generative Adversarial Networks (GANs:
type of neural networks for unsupervised learning
that can analyse variations in a dataset and
produce comparable output) (Goodfellow, et al.
2014), have introduced new methods for making
art that is computer generated, giving new impulse
to the field of computational creativity and
subsequently the discussion about creativity,
authorship and authenticity. Next to that, the
current boost in Non-Fungable Token technology
(NFT: digital representation of a real world
collectable art piece, encoded with blockchain
technology. Functions as a proof of ownership)
(ArtJam, 2021b) has sparked a remarkable
generative art “fever”, as platforms such as Art
Blocks, a project on the Ethereum blockchain
through which on-demand custom digital artwork
can be generated via an algorithm (ArtJam, 2021a),
have introduced novel ways of creating, collecting,
and trading art, which is currently chancing the
notion of art as a commodity. And lately a growing
number of makers (both professional artists and
enthusiastic hobbyists) is engaging with generative
methods and tools, such as these GAN’s, NFT’s,
and permutation algorithms, for their creative
practice, as these become more and more
accessible to a larger audience. The artworks
generated through these technologies are flooding
online portfolio platforms like Adobe’s Behance,
but are also well represented at art & media
festivals globally, and recently have even entered
the traditional art auction houses (like the GAN-
produced painting “Edmond de Bellamy” that was
sold for $432,500 at Christie’s in 2018) (Vincent,
2018), showing that generative art is a field and
practice that is here to stay, and continues to
provide both an interesting scope of work and
discussions.

1.1. What is generative art?

So, what exactly is generative art? Generative art is
commonly defined as art which is (partially)
produced by systems which are to some degree
autonomous (Galanter, 2003). Most will think of
computational systems, in this case, or perhaps
even artificial intelligence: systems that are able to
operate or learn - to some degree - independently.

Famous examples of generative art, are the works
of early computer art pioneers, such as Frieder
Nake, Lillian Schwarz, Manfred Mohr and Georg
Nees, whom in the 1960’s with the introduction of
the computer and programming languages, started
experimenting with the computer and algorithms
for artistic practice, resulting in manifold artworks
throughout history. Other well known examples of
generative art are John Conway’s zero-player game
“Game of Life” (1970), a 2D cellular automaton in
which cells exhibit a certain behaviour (interact
and evolve, live or die) based on a predefined set of
rules, or Harold Cohen’s AARON, an Artificial
Intelligence system that Cohen engineered and
learned how to draw autonomously. Since its first
version from 1971, AARON has made numerous
drawings, and is the longest-running continuously
maintained Al system in history (CHM, 2016).
More recent examples of generative art are Manolo
Gamboa Naon (making colourful, complex visuals
through code), Michael Hansmeyer (creating
architectural pieces through generative methods),
Katharina Brunner (producing compelling
mathematical shapes with the programming
language “R”, often used for statistical computing),
and Anna Ridler (making works though GAN
technology, to question the working of AI).

However, generative art per definition also
includes art that is not computer generated, yet
still produced by an autonomous system. Examples
of these are the works of Sol LeWitt whose
Conceptualist work is made by predefined rules,
Jean Tinguely’s self-drawing machines, or even
Islamic tiling, that uses - still unknown -
mathematical principles as base for making
intricate geometrical shapes and patterns.

As the examples show, there is a very wide variety
of works that we reckon among generative art. The
broad definition of generative art somewhat allows
for this: it not only includes many different types
of ‘generative artworks’ under the same heading
(e.g. both non-computer generative and generative
computer art), but arguably also blurs the many
differentiations that exist between generative
artworks, such as style, discipline, or media.

It’s not surprising therefore, that in the
past decades multiple attempts were made to
classify, structure, evaluate and compare generative
art forms. Various researchers, art critics, and
makers in the field have formulated their
viewpoints on what to include under generative art
and how to understand it, resulting in multiple
schools of thought. We will address the main
viewpoints and their characteristics later in this
study.
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“Edmond de Belamy, from La Famille de Belamy” (2018), a

GAN-generated painting by the French art collective Obvious.

Picture: © Christie’s, retrieved via Cohn (2018).
Matritzenmultiplikation Serie 32 (1967), Frieder Nake. Image
retrieved via Zentrum fir Kunst und Medien Karlsruhe (n.d.).

BE 8.

Example of an untitled AARON drawing, ca. 1980. Image
retrieved via Computer History Museum (2016).

¥

Mural Drawing (2014), by Sol LeWitt. Image retrieved via
VTIFF, 2014)

Mosaic Virus (2019). Triptych of GAN images, by Anna Ridler. Sixth Order (2012), by Michael Hansmeyer. Physical columns
Image retrieved via ANNA RIDLER (n.d.) fabricated after virtual models created with algorithms. Image
retrieved via The White Review (2017).
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These different viewpoints on generative art,
however, make meaningful analysis and
comparison of generative artworks difficult, and
subsequently a meaningful discussion about
generative art. Moreover, most of these viewpoints
entail descriptive frameworks, that define what
systems or processes are at play in the artworks,
but leave little room for questioning the creative
role and contribution of these systems or processes
to the artwork as a whole. This leaves possible
interesting and valuable questions for analysis of
generative art unanswered. For example: what
exactly is “generative” in an artwork? And where
in the artwork does this take place? How does this
generative element relate to other elements
involved in the work? Can we, for example, define
different degrees of “generativity” in or between
artworks? And for that, can certain artworks be
more generative than others, or in different
aspects?

We would argue that an alternative way of
looking at generative art can help define this,
which, ultimately, could facilitate a better
understanding of what generative art is, what ‘the
generative’ comprises in different works, and how
this can differ amongst artworks. This might help
meaningful evaluation and comparison of
generative art, and possibly reveal novel insights
about generative art that previously were
unnoticed.

Therefore, in this research we aim to to
come towards an alternative framework for
analysing and comparing generative art, that
hopefully introduces a new viewpoint and new
insights for generative art for makers, curators,
researchers. We will do this by first shortly map
the existing schools of thought on generative art
and their frameworks, to examine what theories
these contain, where they complement or
contradict each other, what they add to the
discussion around understanding of generative art,
and what they leave untouched. We will then
propose two concepts through which to analyse
generative art and introduce a framework to
perform the analysis with. We will apply this
framework on a selection of generative artworks to
test it and examine what it would result in. We will
reflect on the outcomes and discuss its
contributions and limitations to the debate on
analysing generative art.

2. Theoretical Framework

Currently, three main schools of thoughts, or
theories, exist on how to look at Generative Art.
We will review these in this section briefly, but will
first elaborate on the most used definition of
Generative Art in these contexts.

One of the most cited definitions of
generative art is the definition introduced by Philip
Galanter (researcher, curator, and artist). Galanter
states that: “Generative art refers to any art 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.” (Galanter, 2003, p. 4).
Galanter sharpens this definition with the addition
that: “First, note that the term generative art is simply a
reference to how the art is made, and it makes no claims as
to why the art is made this way or what its content is.
Second, generative art is uncoupled from any particular
technology. [...], generative art may or may not be
“high tech.” (Galanter 2003, p. 4). This definition
implies that generative art should be understood as
a method for making art, not as an art movement
that disseminates an ideology. And second, that
the concerning system with which the artwork is
produced, can involve (or lack) or any form of
technology.

Since Galanter, many theorists & artists
involved in the research and practice surrounding
generative art have adopted and applied this
definition (Monro 2009, Dorin et al 2012). Some
albeit in a slightly different formulation (Boden &
Edmonds mention generative art as: "Both in music
and in visual art, the use of the term has now converged on
work that has been produced by the activation of a set of
rules and where the artist lets a computer system take over
at least some of the decision-making (although, of course,
the artist determines the rules)” (Boden & Edmonds,
2009, p. 24), but all with an evident emphasis on
how generative art involves some sort of
autonomous system, and some level of control that
is attributed to this system for creating the work.
Considered that this definition is widely agreed
upon in the field, we will use this in our research
as well. In the next chapters, we will elaborate on
the existing main schools of thought on generative
art, examine how these apply this definition in
their frameworks, and shortly discuss what these
include.
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2.1. Philip Galanter - Complexity
Paradigm

Galanter (2003, 2008, 2016, 2019) proposes to
view generative art from a systems and complexity
theory influenced paradigm, first introduced in his
article “What is Generative Art” (2003). Over the
years, Galanter has extended and validated this
way of looking in the context of emerging
technologies, as for example in the case of Deep
Learning (2019). His papers are still influential in
the field of generative art research, hence we will
briefly reflect on his theory.

According to Galanter, “systems are the
defining aspect of generative art”. With systems,
Galanter means complex, dynamic systems that
inhibit “a large number of small parts or
components that interact with similar nearby parts
and components.” (Galanter, 2003 p. 5). These
local interactions are generally non-linear, tend to
exponentiate rather than add-up (whole is greater
than sum of its parts) and often lead to self-
organisation, in which no master control or
external agent being is in charge. Examples of
complex systems Galanter mentions are the
weather, stock markets, fractals, the brain
(biology) and the mind (psychology), ecosystems
(animals, cells, cultures & societies), and often
develop in “ways that are dramatic, fecund

catastrophic, or so unpredictable as to seem
random.” (Galanter, 2003).

Galanter questions if all systems are alike, and if
not: how to distinguish these. His ambition is to
“understand the commonalities systems exhibit
across all scales and hierarchies” (Galanter, 2003).
With his framework he provides guidelines to
categorise different types of systems that can be
used to make generative art, and subsequently to
distinguish various types of generative art as well.
Galanter uses concepts such as high/low
information content, compressibility, and
randomness, as tools to categorise generative
systems along two axes: from highly ordered to
highly disordered, and from simple to complex.
Galanter defines a sweet-spot on these axes, a
measure he calls “effective complexity” (EC), for
systems that inhibit an interesting balance
between order, disorder, and structural complexity.
He states that artists will understand that “an
audience will quickly tire of both a highly ordered
and a highly disordered aesthetic experience
because both lack any structural complexity worthy
of their continued attention. The intuition that
structure and complexity increase somewhere
between the extremes of order and disorder leads
us to the consideration of "effective
complexity”” (Galanter, 2003).

Generative Art Systems
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Galanter’s complexity scale, with examples of generative systems (Galanter, 2003)
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In short, with his viewpoint Galanter aims to
provide a context to understand generative art in,
i.e. complexity & systems theory, and a method to
sort various types of generative systems along a
‘complexity’ scale, for which he introduces order,
disorder and effective complexity as organising
principles. However, we wonder how valuable it is
to define the degree of ‘complexity’ of a system for
analysing and comparing generative art. Why only
focus on the system, and not on other factors in
the work? And why only assess its complexity as a
defining factor? We think it is limiting to solely
review a system’s inner workings’ without taking its
output into account too. Moreover, we think a
detailed description of how these systems are
applied in the artwork and next: what the
generative properties of this system attribute to
the artwork as a whole is left untouched in
Galanter’s theory.

2.2. Boden & Edmonds - Taxonomy
of Generative Art

Another influential theory of looking at generative
art is provided by Margaret Boden & Ernest
Edmonds (2009). In their paper, they distinguish
different types of computer art via a theoretical
tool. They define a taxonomy of subcategories of
computer art, with explanations and examples,
after which they question for every category
“whether the appropriate aesthetic criteria and locus of
creativity are the same in each case” (Boden &
Edmonds, 2009).

The eleven categories they formulate have the
following definitions (summarised after Boden &
Edmonds, 2009):

1. Ele-art involves electrical engineering and/or
electronic technology.

2. C-art uses computers as part of the art making
process.

3. D-art uses digital electronic technology of some
sort.

4. CA-art uses the computer as an aid (in
principle, non-essential) in the art-making process.
5. G-art works are generated, at least in part, by
some process that is not under the artist’s direct
control.

6. CG-art is produced by leaving a computer
program to run by itself, with minimal or zero
interference from a human being".

7. Evo-art is art evolved by processes of random
variation and selective reproduction that affect the
art-generating program itself.

8. R-art is the construction of robots for artistic
purposes, where robots are physical machines
capable of autonomous movement and/or
communication.

9. In I-art, the form/content of the artwork is
significantly affected by the behaviour of the
audience.

10. In ClI-art, the form/content of some CG-
artwork is significantly affected by the behaviour of
the audience

11. In VR-art, the observer is immersed in a
computer-generated virtual world, and experiences
it and responds to it as if it were real.

(Boden & Edmonds 2009, p. 37-38).

Contrary to Galanter’s view, “systems” as such are
not focus of attention in Boden & Edmond’s way
of categorising generative art. Instead, Boden &
Edmond way of looking is more a medium specific
‘filter’ in which key points for subcategorisation
are the different types of media, or more specific:
technology, that was applied in creating the
artwork.

This taxonomy does allow comparison of
computer and generative artworks, however on a
more high-over dimension than for example
Galanter’s complexity paradigm. A more detailed
look into the underlying processes and systems of
generative art is not facilitated by this taxonomy.
This makes Boden & Edmonds’ theoretical tool
more of a detailed observation and description of
the ‘current’ computer art landscape, primarily
focused on the means or technical applications
used for creating the artwork itself, without
revealing much about the granular elements that
are at play in generative art.

What is interesting however, is that Boden
& Edmonds propose that the ‘system’ at play,
especially in CG-art and Cl-art, has a broader
notion than systems in, for example, Galanter’s
conception of systems. Boden & Edmond’s name
that aside from the program running the art work,
there are other factors involved in making the
artwork the artwork: “what counts as the artwork
when the uniqueness is due not only to a richly
generative computer program but also to the
contingent (and ephemeral) behaviour of a
participatory human audience?” Boden &
Edmond’s thus speak about the art system, in which
“the artist, the program, the technological

" Note: They chose to reject their earlier, stricter definition of CG-art (i.e. “art produced by a program left to run by itself, with zero

interference from the human artist”) (Boden & Edmonds, 2009).
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installation (and its observable results), and the
behaviour of the human audience” (2009) are all
compromised as part of it. We think this is an
interesting way of looking at generative art that
might be valuable.

2.3. Dorin et al. - Dynamic
Processes

Another, more recent, framework for analysing
generative art is proposed by Dorin et al. (2012).
According to Dorin et al., generative art systems
are constituted by four main components: entities,
processes, environmental interaction, and sensory
outcomes. They formulate a framework which
allows for a careful dissection of these
components, in which:

1. Entities are the subjects upon which a
generative artwork’s processes act.

Entities may exist in structured or hierarchical
relationships with one another, leading

to the creation of new composite entities. Entities
have characteristic properties that play a crucial
role in the generative process. Examples: spatial,
temporal and formal attributes (for example
position, age and colour).

2. Processes are the mechanisms of change that
occur within a generative system; they necessarily
involve entities that perform operations on, or
interact with, each other.

3. Environmental interaction involves flows of
information between the generative process and
their operating environment. This can also extend
to higher-order interactions involving the artist or
designer, e.g. the creator filtering or interactively
modifying (iteratively redesigning) the system
itself in response to its output.

4. Sensory outcomes are the experienced aspects
of a generative work (hidden or directly available
for perception).

(Summarised after Dorin et al., 2012)

With this, Dorin et al. enable the audience or
critics with their framework to not only look at the
individual subjects or media that are used in the
artwork, but also to take into account the dynamic
processes that are at play in the artwork between
these subjects, as well as the external input (in

form of environmental interaction) for the artwork:
things that in generative art are quite important.

In response to Boden & Edmonds, they state that
the taxonomy Boden & Edmonds provide, does not
allow for comparison of the underlying processes
of generative artwork, for which they “prefer to
give at least equal weight to the forms of the
processes themselves, rather than focussing on the
means by which the form is achieved” (Dorin et al,
2012 p. 243). Dorin et al. critique the effective
complexity paradigm of Galanter for not enabling
discussion about generative work other than its
complexity, and that Galanter’s framework is not
creating enough outcomes to adequately analyse,
describe and compare and critique generative
artworks. To aid the critical understanding of these
systems and their processes, they pose that first a
decent understanding & literacy of generative
systems has to be established, for which their
framework provides a format. However, other than
stating in their framework that “one still has to
make critical decisions of where to draw the line
between entities, processes, interactions and
output" (and that thus other readings of these
systems are still possible), Dorin et al. do not
provide any guidelines for critical analysis of the
art works themselves. This eventually makes their
framework rather descriptive than critical, just like
the schools of thought by Galanter and Boden &
Edmonds.

3. Problem Statement &
Approach

We state that the definition of generative art posed
by Galanter and widely cited by other researchers,
is so broadly defined that it puts an incredibly wide
variety of artworks under the same heading. We
think that this does not help in understanding the
many different forms, and likely also the many
different types of generativity amongst generative
artworks. However, as we have seen in the
previous chapters, the existing frameworks that are
proposed for classifying generative art only
approach generative art from a descriptive point of
view, and do not allow for a more in-depth critical
analysis of what the generative in a work contains,
and what it contributes. We aim to develop a
framework that does answer this, and formulate
the following approach for this.

In our view, the definition by Galanter of
generative art implies two types of “degrees” that
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are seemingly at play within the artwork. We hope
to illustrate this as follows. First, if generative art
involves a (partially) autonomous system of some
sort, then this implies that there is a degree to
which that system itself is able to operate
autonomously. What does this autonomous
behaviour entail? How autonomous is this truly?
Can we define multiple levels of autonomy in these
systems across generative artworks? And second, if
generative art is art that is (partially) produced by
these systems, then this implies that there is a
degree to which the system’s output is important for
establishing or creating the artwork as a whole. If so, to
what extend is the output of the generative system
used in the artwork? And what is its creative
importance within the artwork?

These seem quite fundamental aspects of
generative art, if we follow its commonly used
definition. Yet, as we have seen in the previous
chapter, the current existing theoretical
frameworks on generative art do hardly take these
two factors into account. These existing
frameworks all provide a useful base to talk about
generative art, and as mentioned above, have very
valuable contributions on different levels in the
discussion about generative art. But they do not
address how autonomously the systems that are
involved in the artworks can operate, what their
function is within the artwork, and moreover, what
the contribution of their function is to the artwork
as a whole. We think this is interesting, because -
quite literally - by definition these factors seem to
play an important role in generative art, and thus -
as we would argue - also in how we see,
understand, and compare generative art. Wouldn’t
it be valuable to take these factors into account for
analysing generative art? Can we look at generative
art from this perspective? That is: can we find
differences or similarities between “the generative”
that is at play in generative artworks, by focussing
on a) the role of that element in the artwork, b)
how autonomously it is able to perform this role,
and ¢) how important this role is for the artwork
as a whole?

We would state so. We think these could
be interesting questions to answer for generative
art, and possibly offer an alternative way to dissect,
define, and compare the role of the generative in
and amongst artworks. Therefore we introduce two
concepts in this study. First, the degree to which a
generative system is able to operate autonomously,
which we will call its “autonomous ability”. And
second, the importance of the systems’ creative
contribution to the artwork as a whole, which we
will call its “artistic significance”. We propose to
analyse generative artworks through the lens of

these concepts, in order to try and find answers to
the questions posed above, and explore if we can
come towards interesting new insights about ‘the
generative’ in art. For this approach we introduce a
framework for analysis, in which the concepts of
autonomous ability and artistic significance are
included. We will illustrate this framework in the
following chapter.

4. Methodology

If we want to view generative art through the lens
of the autonomous ability and artistic significance
of the generative systems, we first need to define
what we exactly mean and hope to question with
those terms, what in the artwork we will examine
with it, and how we frame that. In this chapter we
will illustrate the decisions we propose to
incorporate in the analysis, and eventually
introduce the framework itself.

4.1. Autonomous Ability

With the autonomous ability of an aspect in the
artwork, we aim to indicate how independently
this aspect can operate or execute something
without external help or input. This can mean
setting things into motion, performing a task, or
initiating or creating something (i.e. having
emergent properties), depending on the generative
system itself. Where or when does it require input
from the artist, or the audience? How autonomous
is it able to operate if these factors weren’t there?

Next to these examples of more practical
execution however, also the degree to which the
system can make its own choices independently are
part of autonomous ability, as well as how much
creative freedom the system has in these choices. Is
the output of the generative system already
decided? And if so, by whom? How much leeway
or agency does the system have to influence this
output space?

Ultimately, in the analysis we aim to
explore if certain levels of independence can be
defined for this, and subsequently degrees of
autonomous ability.

4.2. Artistic Significance

With artistic significance of an aspect in the
artwork, we aim to indicate what the creative
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contribution is from the generative to the artwork,
and how artistically important this contribution is
for the work as a whole. What did the system add
to the artwork, or what did it create? How does
this contribution compare to the other aspects that
make up the work? In terms of scale, but more
importantly: also in terms of quality (how creative,
original, surprising is it?). Could the artwork be
still the artwork, if the system’s input and its
characteristics were not there?

In short: how “important” is the system
for creating its output? And how artistically
significant is that output to the artwork as a
whole? We would argue that deliberately
distinguishing output or performance of the
generative system from the artwork as a whole helps
to more clearly formulate the system’s
contribution to the work, and thus its artistic
significance. For some works it might even be
necessary, if the generative is not the only aspect in
the work. This brings us to the following.

4.3. Elements

To define a generative system’s autonomous ability
and artistic significance to an artwork, a good
understanding of what the actual artwork is is
required. What aspects does the complete artwork
consist of? What part does the output or
performance of the generative system take in this?
For example, is this output or performance the
artwork (i.e. the output equals the work)? Or are
more factors involved, that constitute the total
work? And, how autonomously are these in
operating or creating their contribution?

One way of analysing generative art
namely, is to focus exclusively on the generative
system or even generative processes as such. One
then isolates just that part of the artwork, and
describes its properties, effects, influences on 