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Abstract

The affordances of a creative medium strongly con-
dition the creative artefacts the medium will produce.
In this work, we present a formalisation of computa-
tional creativity (CC) media using the conceptual tool-
box of complex systems (CS). We introduce the no-
tions of emergence, collective intelligence and self-
organisation, non-linear dynamics, criticality, multi-
scale hierarchy, phase transitions, diversity of attractors,
path dependence, and open-endedness, and connect
them to the existing CC literature. Together these nine
properties form a vocabulary with which creative me-
dia can be described and compared at the system level,
while medium affordances are the design-level mech-
anisms that determine each medium’s complex system
properties. The formalisation emphasises the influence
of each medium’s affordances in determining what the
medium can produce in creative processes. To demon-
strate the proposed theoretical approach, we charac-
terise a diverse set of media (r/place, Minecraft,
cellular automata, Twitter, Boids,...) us-
ing this vocabulary. The proposed formalisation under
the CS concepts serves a dual purpose: it establishes
a link between the affordances and realised practices
of the medium, and it offers a shared lens for charac-
terising existing creative media. A companion website
ataffordances.wiki provides implementations of
different computational media, serving as a playground
for users to explore the relation between a medium’s af-
fordances and its potential creative artefacts.

Introduction

A computational medium used to elicit and express creativ-
ity can be seen as complex systems: McCormack (2012)
argues in his work on creative ecosystems that the environ-
ments in which creative activity unfolds emerge from in-
teractions among agents, substrates and shared rules. Mur-
ray (2011) treats the digital medium as an authored bundle of
expressive affordances (Gibson 1979): combinations of its
surfaces and elements, perceivable and meaningful relative
to a particular agent. In this paper, we use the term “cre-
ative medium” to describe a computational substrate with a
set of affordances that hosts creative activity. These affor-
dances combine to produce the system-level properties that
characterise the medium as a complex system.
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Figure 1: Computational creative media can be studied as
complex systems. Complexity science offers a vocabulary
of such properties — a principled basis on which to charac-
terise media and investigate how their affordances condition
the creative artefacts they produce. This figure illustrates
eight of these properties, each paired with a creative medium
that exemplifies it.

An illustrative example is the r/place experiment,
started on Reddit on April Fools’ Day 2017 (Rappaz et
al. 2018). Users acted within a small affordance set: a
1000% 1000 pixel canvas, a 16-colour palette, a single-pixel
brush, the ability to override any existing pixel, and a 5-
minute cooldown between placements. The combination
meant that any lasting mark on the canvas would have to be
negotiated between participants, leading to the emergence of
a multitude of collective creative behaviours. If this simple
5-minute constriction had been reduced to 1 second, the plat-
form would have collapsed into single-user monopolies, and
died out. This simple example tells us that we cannot dis-
regard the importance of the medium’s affordances in con-
ditioning what creative artefacts are explored and produced
(McLuhan 1964).

Existing CC frameworks of creative potential formalise
reachability: Boden’s conceptual spaces (1992) and Wig-
gins’ Creative Systems Framework (2006) describe what
concepts an agent can reach by searching a given conceptual
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space. McCormack’s creative ecosystems (2012) extend the
picture by treating that space as co-evolving with the agent
through niche-construction, describing the medium through
the joint dynamics of agents acting in it. Our contribution
sits one level below both. We propose that a medium’s affor-
dances, as a design-level mechanism, induce macroscopic
complex-systems properties that belong to the medium it-
self rather than to any particular agent’s strategy within it.
Those properties then condition the agent’s later search, and
the creative artefacts this results in. Because the vocabulary
is substrate-agnostic, media with very different internal dy-
namics (r/place, Twitter, Minecraft) can be stud-
ied on the same basis.

Creative Media as Complex Systems

Complex systems are some of the most interesting phe-
nomena we observe in natural, artificial and social systems:
from the swarming of starlings, self-replicating patterns in
Conway’s Game of Life or the collective canvas of
r/place. Behind all of these diverse phenomena, there is a
unifying mechanism: many components interacting through
simple rules to give rise to emergent behaviours not re-
ducible to any one component in isolation; e.g., individual
participants of the r /place experiment cannot know how
their pixels will condition the trajectory of the global canvas.
These systems are referred to as complex systems (Mitchell
2009).

In order to analyse a creative medium as a complex sys-
tem, we propose to characterise media using a set of com-
plexity properties: emergence, collective intelligence and
self-organisation, non-linear dynamics, criticality, multi-
scale hierarchy, phase transitions, diversity of attractors,
path dependence, and open-endedness. The remainder of
this section takes them one at a time, working out for each
what structural conditions a medium’s affordances must sat-
isfy to produce it and which CC concepts it re-describes in
CS vocabulary, with a worked medium example (Figure 1).

Emergence. When observed across different scales, cer-
tain systems display macroscopic patterns that are qualita-
tively different from the behaviours of each individual com-
ponent at the micro-level. For instance, the macroscopic
behaviour of a complex organism appears to transcend the
biochemistry that produces it. These emergent phenomena
are naturally described using concepts that do not exist in
the language of the system’s microscopic components: a
“glider” in Game of Life is a meaningful macro-level
concept, yet it has no counterpart in the micro-level lan-
guage of cell states and neighbourhood rules. While emer-
gent behaviours do follow in principle from the micro-level
rules, they are not readily predictable from them, a conse-
quence of non-linear interactions propagating across spatial
and temporal scales.

In the CC literature, the micro-macro distinction maps
onto Boden’s (1992) separation between exploratory and
transformational creativity, later formalised by Wig-
gins’ (2006) separation between emergence within a concep-
tual space £ and emergence of a new L. Taking the afore-

mentioned r/place example (2018): the per-pixel place-
ment and override-anywhere rule are deliberately too coarse
to encode any macro object directly, so flags, portraits and
alliance territories only become visible at the canvas scale.
Reading emergence through complexity science adds a de-
sign lever absent from earlier CC framings: the gap between
micro and macro vocabularies is something the medium de-
signer can set, by choosing how coarse the affordances are.

Collective intelligence and self-organisation. Collective
intelligence refers to self-organising phenomena where indi-
vidual agents coordinate and integrate information to solve
higher-order problems that are inaccessible to individuals.
The underlying mechanism, self-organisation, refers to the
spontaneous formation of order purely from local interac-
tions: no single element directs the entire system; instead,
decision-making and influence are spread across many com-
ponents, often referred to as distributed control (Camazine
et al. 2001). The time evolution toward ordered states, in the
form of a fixed point or limit cycle, can be caused by simple
negative feedback loops or complex interaction motifs.

CC has engaged with this property under several names:
collective creativity (Sawyer 2003), social creativity (Saun-
ders and Bown 2015; Fischer et al. 2005), creative ecosys-
tems (Bown 2012; Maher 2010), and co-creativity (Kantos-
alo and Toivonen 2016; Linkola and Kantosalo 2019). Us-
ing the complexity concept as a recipe, we get a sense of
what such a “coordination layer” must contain: stateful ele-
ments, a notion of locality, and a local-state update mech-
anism with no central controller. Wikipedia’s talk
pages (Viégas et al. 2007) instantiate this set of properties,
and produce two creative artefacts in the process: collabora-
tively written articles, and institutional policies that emerge
from practice rather than from any top-down design. The
concrete affordances used to realise these properties include
threaded replies (locality), signatures plus edit-versioning
(per-contributor state), and watchlist-driven attention (de-
centralised update).

Non-linear dynamics. Systems exhibit non-linear interac-
tions where small perturbations can produce system-wide
effects. These dynamics are typically driven by feedback
loops and non-linear interactions that amplify local changes
into global effects.

Non-linearity is ubiquitous in CC media but rarely for-
malised under that name; instead the phenomenon recurs
under different headings: deceptive landscapes in Stanley
and Lehman’s novelty search (2011), predictive deviation
in Maher and Grace’s surprise search (2014), combinato-
rial explosion in Boden’s combinatorial creativity (1992),
and the dynamical-systems work on interactive music (EI-
dridge 2008; Bown 2012) that names non-linearity directly.
From the complexity concept, what combines all of these is
a coupling that ties local actions to global state, and a feed-
back channel that lets small differences amplify rather than
damp out. The microblogging website Twitter (Goel et
al. 2016) instantiates this pattern through the reshare button
which couples a local post to global reach (coupling) and



the heavy-tailed follower-graph which amplifies small dif-
ferences in reach into large differences in engagement (feed-
back).

Criticality and Edge of Chaos. Some systems sit at a
regime between order and disorder, where correlations span
all scales and the system is maximally responsive to inputs.
At criticality, fluctuations are scale-free and small pertur-
bations can propagate arbitrarily far. The edge of chaos
hypothesis (Langton 1990) associates this regime with the
richest emergent computation, sitting between frozen, pre-
dictable dynamics on one side and disordered, uncorrelated
dynamics on the other.

CC literature encounters criticality in Langton (1990) and
Wolfram’s class-IV cellular automata (1984); specially rele-
vant in context of generative-art parameter sweeps (2001),
where the “interesting” regime is narrow. If we look to
complexity science for what characterises this property, we
find that we need a tuned control parameter that establishes
an ordered regime on one side and a disordered regime
on the other, and a narrow window between them where
small disturbances can propagate across the full system.
Boids (Reynolds 1987) is an illustrative creative instance:
each boid steers by three local rules — cohesion (steer to-
ward neighbours’ centroid), alignment (match neighbours’
heading), and separation (avoid crowding) — whose weights
act as the control parameter. Turn cohesion and alignment
up and the flock collapses into a tight cluster locked to the
average heading (ordered); turn them down and the boids
drift independently, one boid’s turn never reaching another
(disordered). The narrow band between is flocking proper:
a single turn ripples across the flock and reshapes it without
freezing or shattering it.

Multi-scale hierarchy. Complex systems often exhibit
multiple nested levels of interactions and feedback loops,
operating across scales. In many cases, these hierarchies are
not imposed, but instead emerge from the lower organisa-
tional levels. Interactions among elements within each level,
and across different levels, typically occur on distinct time
scales.

CC’s most explicit treatment of hierarchy is Wiggins’
meta-search (2006), where a slow outer loop modifies the
rule-set R which the fast inner loop searches under. Saun-
ders’s three-level model (2015) (artefact / evaluator / soci-
ety) and the Csikszentmihalyi-derived individual / domain
/ field framing (1999) also layer creative activity similarly.
From the complex system lens, each level has its own vo-
cabulary and its own dynamics, with within-level interac-
tions stronger or faster than across-level coupling (Simon’s
near-decomposability (Simon 1962)), so that the level can
be reasoned about in its own terms. Minecraft (Duncan
2011) illustrates several such levels at once: blocks, struc-
tures, biomes, and world-scale builds nest spatially on the
artefact side, players, factions, and server cultures nest so-
cially, and redstone introduces a distinct vocabulary (signals,
gates, computation) above the block-placement layer.

Presence of phase transitions. A system exhibits phase
transitions when its macroscopic state changes suddenly
and qualitatively as a control parameter (temperature, den-
sity, connectivity, etc.) crosses a critical value. Origi-
nally formalised in statistical physics, phase transitions are
also observed in networks, populations, and information-
processing systems, where they typically separate qualita-
tively distinct macro-regimes.

Phase transitions are not standard CC vocabulary, but
the underlying phenomenon is. Boden’s transformational
creativity is structurally a discrete change in R (2004),
Wiggins’ CSF formalises it as a move in the meta-space
over R (2006), and Csikszentmihalyi’s creative break-
throughs (1999) occupy the same slot under a systems read-
ing. The complex systems approach decomposes the phe-
nomenon into its ingredients: a tunable control parame-
ter, a critical value of that parameter, and a qualitative
regime change in the dynamics across it. Here again the
r/place medium makes for a good example. Below a
critical canvas density, participants paint freely in uncon-
tested regions, each placement effectively independent of
every other. Above it, every placement must overwrite
something a prior participant cared about, and the medium
switches phase: alliances form, territories are defended, and
oft-platform Discords organise raids and counter-raids. The
bounded canvas makes interaction patterns a function of the
cooldown timer (control parameter) and the user’s cooldown
value results in coordination over monopoly as the post-
threshold equilibrium (regime change).

Diversity of attractors. In dynamical system theory, an
attractor is a region of state space toward which trajectories
of the system state evolve. The mere presence of attractors
says little about a creative medium, since any sufficiently
constrained system will exhibit some. What matters for
CC is the diversity of attractors a medium supports—fixed
points, limit cycles, or strange attractors of qualitatively dif-
ferent kinds—whose collective structure bounds the long-
term qualitative behaviours the medium can express.
Attractor language is sparse in CC and mostly metaphor-
ically used (creative ruts, style basins, mode collapse), with
explicit uses in Eldridge’s interactive-music work (2008)
and Bown on musical agents (2012). Two CC concepts
touch the diversity aspect: Ritchie’s typicality (2007), prox-
imity to a basin of attraction; and Koestler’s bisocia-
tion (1964), later formalised by Fauconnier and Turner as
conceptual blending (2002), a cross-basin operation that
presupposes the substrate hosts multiple kinds of basin to
combine across. Fixed points need stable rest configura-
tions the system can settle into; limit cycles need feedback or
scheduling structures with a natural period of return; strange
attractors need a bounded variation channel rich enough that
trajectories stay confined to a regime without ever repeat-
ing. The mix a medium supports determines the modes
of expression it makes available: a substrate offering only
the first sustains only convergence, while one supplying all
three sustains convergence, recurrence, and perpetual vari-
ation. An example that demonstrates the notion of attrac-



torsisWikipedia’s talk pages (Viégasetal. 2007).
Godwin’s law — the observation that long-running online
debates tend to invoke Nazi comparisons regardless of start-
ing topic — and articles that have stabilised on an accepted
version are the fixed-point case (discussion converges and
stays); while debates that flare up every few months on con-
tested topics are the limit-cycle case (Sumi et al. 2011).

Path dependence. The state a system reaches depends not
only on its current inputs but on the order in which past
events occurred: equivalent boundary conditions reached
through different histories lead to different futures. A
special case is stigmergy, where agents coordinate indi-
rectly by modifying a shared environment, each action
leaving a trace that constrains and guides subsequent ac-
tions. Path-dependence appears in CC under several names:
Stanley and Lehman’s stepping-stone reading of novelty
search (2011), where interesting end-points are reached
only through paths whose intermediate stages don’t look
like progress toward them; Tomasello’s cumulative cultural
ratchet (1999), in which each generation builds on the arte-
facts of the last; and lineage-based generative systems such
as Picbreeder (2011), where every image is a leaf of a
specific evolutionary path. From the CS account, the phe-
nomenon decomposes into two ingredients: a persistent state
that records past events, and a coupling between current ac-
tions and that state under which each action both reads from
it and modifies it. Without persistence there is no path for the
future to depend on; without read—modify coupling each
action operates independently of history.

An interesting example is the gaming modality, or artis-
tic form, known as speedrunning (Scully-Blaker 2014):
each newly-discovered glitch becomes a stepping stone
for the next, and canonical “any%” routes accumulate
from sequences of exploits whose individual stages are
not interesting on their own. The community-maintained
archive of routes, splits, and frame-counts supplies the
state, and the practice of forking an existing route to in-
sert a new exploit supplies the coupling. The stigmer-
gic special case (Bonabeau, Dorigo, and Theraulaz 1999)
fits r/place (2018): the persistent canvas is the state,
and override-anywhere plus the absence of direct messaging
force coordination to read and modify it.

Open-endedness. A system is open-ended when it has the
capacity to continuously produce novel, increasingly inter-
esting and diverse behaviours.

Open-endedness (OE) is the deepest pre-existing bridge
between CC and Complexity Science: Stanley and Lehman
on open-ended evolution (2011); Banzhaf et al. on OE cri-
teria; Chan’s Lenia (2019) and Mordvintsev’s Particle
Lenia treat OE as a substrate property to be engineered.
From the complex systems perspective, OE decomposes
into three ingredients: an unbounded reachable set the
medium can in principle produce (substrate OE), a novelty-
generating dynamic that keeps producing new configu-
rations (process OE, often via coupling between agents
and substrate), and the absence of an imposed objective

that would close the space by selecting for convergence.
Picbreeder (2011) instantiates all three: its CPPN en-
coding makes the image space effectively unbounded (the
reachable set); aesthetic selection by users drives the trajec-
tory under their evolving preferences (the ‘novelty engine’);
and the deliberate absence of any fitness function lets lin-
eages diverge into shapes nobody set out to produce (no im-
posed closure).

Formalising affordances through this conceptual basis of
complex systems notions allows creative media to be com-
pared along principled dimensions. Two routes are avail-
able. From the affordance side (micro to macro), a medium
can be characterised by asking which structural conditions
its affordances supply, taking each property’s recipe from
the previous section as a checklist. From the complex
systems perspective (macro to micro), a medium’s profile
can be assessed directly: either phenomenologically, by
observing the medium and judging which properties feel
present at what intensity, or formally, drawing on measures
from the complexity literature for each properties—e.g., en-
tropy measures, long-range correlation functions for critical-
ity, distance-to-attractor measures for diversity of attractors,
network-statistical signatures for collective intelligence, and
so on, (McCormack and Cruz Gambardella 2022).

Conclusions

In this work, we have presented a complex-systems perspec-
tive on computational creativity with the goal of establish-
ing a bridge between the complex systems and the compu-
tational creativity communities. By formalising computa-
tional creativity notions under the complexity science lens,
the formalism allows us to explore how the affordances of a
medium—thought of as design choices—determine the cre-
ative artefacts it produces.

We have focused on nine system-level properties: emer-
gence, collective intelligence and self-organisation, non-
linear dynamics, criticality, multi-scale hierarchy, phase
transitions, diversity of attractors, path dependence, and
open-endedness. For each property, we point to the affor-
dances that enable it (i.e., a narrow order-disorder window
for criticality, near-decomposable levels with distinct vocab-
ularies for hierarchy, a persistent state with read-modify cou-
pling for path-dependence), and further, we trace these affor-
dances to specific design choices in existing creative media:
r/place’s per-user cooldown, the cohesion-alignment-
separation weights in Boids, the threading-and-signing of
Wikipedia talk pages. The formalism is therefore
not only a tool for describing media after the fact, but a
causal account of how the choice of affordances (i.e., the
micro-level) affects the quality and properties of a medium
(i.e., the macro-level). This allows us to work backwards
from how we intend the artist to engage with artefact cre-
ation, to the design of the medium itself. It also opens
a path toward identifying under-explored combinations of
complexity-informed properties, and outlining the yet-to-
exist creative media they would yield.
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