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Abstract 
This paper is intended as an accompaniment to digital 
artworks, and forms a concise outline of the practical and 
theoretical elements of my research into digital processes.  

It begins by describing the processes used to create the 
artworks, then the scientific paradigm shift from which 
these processes are derived. This new kind of science 
begins with or leads to the question, ‘What if space and 
time are digital?’ My research prompted a reassessment of 
the meaning of ‘digital’, which in turn re-defined the 
potential ‘digital media’ and, therefore, what may be called 
‘digital art’. 

Lastly, it is shown that this new science relates to the older 
field of Process Philosophy. That these fields share an 
emphasis on the importance of the concepts of time, change 
and process can be seen as supporting evidence for Jean 
Gebser’s model of evolutionary consciousness. This model 
enables cohesion of the scientific ideas and is the context in 
which the artworks were conceived. 

Categories And Subject Descriptors: J.5 [Arts and 
Humanities]: Fine Arts; I.3.3 [Computer Graphics]: 
Picture / Image Generation; A.m [Miscellaneous]. 

General Terms: Algorithms; Experimentation; Human 
Factors; Theory. 

Keywords: Digital; discrete; cellular automata; process; 
evolution; complexity; randomness; consciousness. 

INTRODUCTION 
I use programs as visual sources for paintings and tapestry: 
I’m trying to show the program’s nature rather than using it 
merely as a tool. Building the program itself is part of this 
process of making. The two main concerns of this work are 
the apprehension of digitality and the incorporation of time. 
These are the recurrent themes among various key concepts 
that are the theoretical support for my practical work. 

DIGITAL ART 
What follows is a description of the processes involved in 
the creation of digital painting and sculpture. Put simply, 
the work illustrates the evolution of digital programs. 

Cellular Automata 
The programs used in this project are called cellular 
automata (CAs), and their digitality is twofold: Firstly, CAs 
consist of an array of identical discrete units, thus they are 
spatially digital (i.e. non-analogue). Secondly, the 
simultaneous evolution of all the cells is performed in 
discrete steps, so their form of time is also ‘digital’. A one-
dimensional (1D) CA can be seen as a row of square cells. 
If we watched it evolve, we would see the cells change 
colour (or state), but its evolution can also be seen by 
stacking each successive row (or generation) of cells below 
the previous one to form a 2D array. In this way, time is 
transformed into a spatial dimension. 

The CA used in the paintings is a simple two-state block 
cellular automaton [Figure 1]. It has the property of 
producing images whose proportion of black and white 
cells is always 50/50, regardless of its initial conditions. 
Another of its qualities is that it is impossible to recognize 
any orientation in its images; it looks very similar when 
rotated through 90°, unlike most other CAs. 

In fact, this apparent visual ambivalence is reflected in – or 
rather determined by – the operation of its rules: If it is 
rotated, the newly-oriented image is still a valid record of 
the CA’s evolution. If we recall that within these 2D 
images the horizontal dimension represents space while the 
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Figure 1. Block cellular automaton, 100 cells x 101 steps.
Image created using Mathematica. 



vertical x-axis denotes time, we see that this CA has a kind 
of symmetry that transcends its temporal and spatial 
dimensions. 

With this CA, the cells on the far right of the image interact 
with those on the left. This means that these edges connect 
to form a tubular shape (and this is what I’ve done in 
needlepoint). In addition, the CA’s pattern repeats after n 
steps of evolution, where n is its width in number of cells, 
so the upper edge is effectively connected to the lower 
edge. The CA’s connectivity can be expressed visually by 
either tessellating the square 2D images, or by joining its 
edges to form a torus or ‘doughnut’ shape. 

Digital Paintings 
The first stage in the creation of the paintings was to 
compute the evolution of the chosen 1D CA. Its variables – 
e.g. rule, size, initial conditions and evolution time – were 
chosen after a period of experimentation, during which 
many small-scale versions were produced. Such is the 
simplicity of these CAs that the early experiments were 
‘computed’ by hand, using only graph-paper and a biro, 
and yet these simple processes can yield intricate patterns. 

In the next stage, the computed 2D patterns of evolution 
were changed into isometric images, in order to represent  
its connectedness. As a 3D tube-like shape instead of a flat 
sheet, a CA’s cells are transformed from squares to cubes. 
An isometric image was particularly appropriate since it 
allows the depiction of cuboid shapes and also because the 
‘a-perspectival’ viewpoint in isometric images means that 
they consist of an array of identical units, as implied in the 
word ‘isometric’. Finally, these images were rendered in oil 
paint after drawing an isometric grid onto the support. But 
instead of showing both ‘on’ and ‘off’ cells, I decided to 
show only one of these states and make the other invisible. 
So I made two paintings of a program, to show one state 
each. That these qualify as digital paintings is discussed 
below. 

Digital Media 
Since cellular automata are digital, it would seem 
appropriate to represent their evolution by using digital 
media, and that is indeed the case in this work. But these 
artworks aren’t likely to be labelled as digital art as the 
phrase is used in the contemporary art world. By dictionary 
definition, digital means ‘represented by digits’. The term 
‘digital media’ is often used to refer to computer-based 
applications or any media that is encoded electronically as 
binary digits (or bits). But the state of a cell in a CA need 
not be represented by numerical digits; the concept of bit is 
independent of how it is represented, e.g. Figure 1 shows 
these states as colours. Nor do CAs have to rely on a PC for 
their computation or expression. There are only two 
provisos for the media in this work: Firstly that the medium 
depicting the CA is similarly composed of identical units, 
and secondly that the medium possesses one more spatial 
dimension than the CA, in order to include the temporal 
dimension. 

To sum up: Digital means composed of or represented by 
discrete digits, but digit need not only mean a numeral. It is 
this non-analogue interpretation of ‘digital’ that has 
become the working definition for this project. This 
resulted in an increased range of potential ‘digital’ media 
that could represent the CA evolution. Recently, I have 
experimented with graph paper, tapestry, mosaics, 
isometric paintings, Mathematica (a programming 
language), and Lego bricks. My earliest pieces were images 
of CAs worked in needlepoint, in which cells or pixels 
were simply translated into individual stitches on a canvas 
grid. To create my own cellular automata required learning 
about how they work, which led me to the following 
theories to which they are related. 

DIGITAL PHILOSOPHY 
Within the domain of science, there is “…a digital 
philosophy paradigm shift sweeping across the sciences” 
[1]. It is an emerging field whose proponents are 
characteristically concerned with processes rather than 
objects. This field includes contributions from computer 
science, information theory and physics, for example; Ed 
Fredkin’s Digital Philosophy and Finite Nature, Greg 
Chaitin’s Algorithmic Information Theory, and Stephen 
Wolfram’s New Kind of Science: 

‘In the past, our scientific investigations have tended to 
focus on finding equations to describe the world. The 
paradigm shift that Wolfram proposes is to focus instead on 
finding simple computations to model reality. This is what 
he means by “a new kind of science”.’ [2] 

The new paradigm involves a change of perception as 
much as it involves new methods: What Wolfram is 
suggesting is “…that all processes, whether they are 
produced by human effort or occur spontaneously in 
nature, can be viewed as computations” [3]. Some of these 
processes, like the motion of the planets, can be worked out 
more quickly than they happen, allowing us to make 
predictions, and some processes we can’t calculate any 
faster and so they appear to us as random, that is, 
unpredictable. Wolfram says that the majority of 
randomness in nature is the result of these computations 
combined with our inability to recognise any patterns in 
their results. 

A New Kind of Science demonstrates that surprisingly 
simple programs, including cellular automata, can exhibit 
highly complex behaviour. This behaviour may be so 
complex that it appears to us as ‘random’, indescribable in 
the form of an equation, even though the underlying 
computations are very simple. If what we perceive as 
randomness is actually the complex result of deterministic 
processes, then perhaps Einstein’s statement that ‘God does 
not play dice’ is correct after all. 

For Wolfram, his enquiry led to the suggestion that space 
and time are discrete, or digital, as opposed to the 



assumption that these fundamentals are continuous and 
indivisible. Konrad Zuse, builder of the first digital 
computer, proposed that the universe is digital and is being 
computed on a cellular automaton. Ed Fredkin’s work starts 
from the assumption that this digitality is in fact the case 
[4]. To justify this position, he reveals that all the basic 
units of the physical world have either been proved to be 
discrete (e.g. atoms, light, charge and spin) or are as yet 
undetermined (space and time). Fredkin goes on to propose 
that some of the inconsistencies between classical physics 
and quantum theory may be resolved if one approaches the 
problem from the position of Finite Nature. A 
characteristic of Digital Philosophy is the move away from 
Newton to Leibniz as the founding figure of modern 
science [1]. 

The term ‘Digital Philosophy’ is borrowed from Fredkin, 
and is used here as an informal title with which to group 
together the work of these scientists. But despite its 
ambition, this paradigm shift is yet to be firmly established, 
while the ‘normal science’ [5] persists. The next section is 
an attempt to link the relationship between these two 
paradigms to the model of evolving consciousness as 
proposed by Jean Gebser. 

PROCESS PHILOSOPHY 
Bridging the gap between digital philosophy and Gebser’s 
ideas is the metaphysical branch known as ‘process 
philosophy’. Like digital philosophy, this group is loosely 
bound by its belief that processes are at least as important 
as things in describing nature and being. Process 
philosophers hold time and change as fundamental 
concepts [6]. Heraclitus was the first of these, and provided 
their motto: panta rei1. Other notable processists include 
Leibniz, Bergson, William James, and A.N. Whitehead. 
Within the context of this tradition, digital philosophy 
appears as an effort to apply this process-based approach to 
the natural world in a rigorous and practical way. 

Evolving Consciousness 
There is a two-way supporting relationship between 
Process Philosophy and the model of evolving 
consciousness: Gebser’s recognition of time in his dynamic 
model would place him within the field of process 
philosophy. And from the Gebserian viewpoint, the rise of 
process-oriented thought is both a symptom of and 
evidence for the realisation of what he calls the 
Aperspectival2 mode of consciousness. This is the most 
recent step in the evolution of human awareness. 

In The Ever-Present Origin, Gebser shows the evolution of 
our structures of consciousness. In chronological order, he 
names them as the Archaic, Magical, Mythical, Mental, and 
                                                           
1 ‘Everything flows’ or ‘all things in flux’. 
2 ‘A-’ meaning ‘freedom from’, as opposed to ‘un-
perspectival’ which would relate to the Mythical era. 
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Table 1. Correspondences of dimensional incrementation 

Dimension 
(n) 

n-Dimensional 
Shape 

Consciousness 
Structure 

0 Point Archaic 

1 Line Magical 

2 Circle Mythical 

3 Sphere Mental 

4 Hypersphere Aperspectival 
perspectival or Integral. Starting from the relatively sleep-
ke awareness of the zero-dimensional Archaic world, each 
uccessive mutation of consciousness involved the 
cquisition of another dimension. This led to our present 
tate in transition from the latter part of the Mental 
rational) era towards the Aperspectival age. The current 
erspectival age began with the Greeks and logos, but 
ecame fully manifest during the Renaissance and the birth 
f perspective, i.e. when we incorporated a third spatial 
imension. Table 1 illustrates the relationship between 
tensifying consciousness and the increasing dimensions, 

nd is a rational, formalised version of Gebser’s statement 
at: 

Consciousness is an intensity; the space-time world is the 
orresponding phenomenon as an extensity.” [7] 

ccording to Gebser, the early Twentieth Century saw the 
ascence of this Aperspectival mode of thought. As it grew 
 the field of science, we encountered Relativity, in art it 

ecame manifest as Cubism, and later on philosophy 
xpressed similar problems in Existentialism. Each of these 
eas, in their own way, recognised the limitations and 

tagnation of the rational Mental way of thinking, and at 
ast showed this, if not providing constructive solutions as 
 how this might be overcome. This new mode of thought 

an be recognised by 

…the incursion of dynamics, the fourth dimension, [and 
y] the transformation of the creative inceptual basis”. [7] 

volving Science 
he field of Digital Philosophy shows some of these signs 
 its concern with dynamic processes, its re-evaluation of 
me and by its characteristic change of perception and 
peration. In Gebser’s model, Newtonian science 
ominated the Mental era. Relativity and quantum theory 
xposed the shortcomings of classical physics, but they 
ave yet to provide a complete picture, and are inconsistent 
ith each other. Digital Philosophy seems even better 

quipped to help us find the answers to our scientific 
uestions in that it shows signs that it is a manifestation of 
perspectival thought. 



Aperspectivity and Art 
The Aperspectival may be achieved when all the preceding 
consciousness structures are integrated, thus revealing the 
‘ever-present origin’ which is the spiritual source of these 
modes of awareness. Gebser thought that Cubism 
demonstrated the first signs of these qualities in its attempt 
to transcend the 3D spatial limitations that characterise the 
Mental way of thinking. From this approach, Cubism’s 
pictures are not so much ‘fractured’ viewpoints as they are 
multi-dimensional. Picasso and Braque captured time by 
painting the multiple viewpoints of still objects seen over a 
period of time. Duchamp and the Futurists achieved the 
same thing inversely, by painting moving objects from one 
fixed point. Some Cubist paintings look very similar to 2D 
representations of a hypercube, as painted by Manfred 
Mohr. Interestingly, the connectedness of a torus (the shape 
formed by the CA in Figure 1) is equivalent to that of a 
hypersphere, which is a 4D shape corresponding to the 
Aperspectival consciousness structure. 

CONCLUSION 
 “It is in and by the human itself that the presence of origin 
which ‘corresponds’ to it could become diaphanously 
visible. This rendering visible is perhaps the decisive 
element by which to ‘bring about’ the ‘new’: it would elicit 
or it would itself be the expression of the new mutation” 
[7]. 

I hope to have shown that Digital Philosophy is a 
manifestation of the Aperspectival structure of 
consciousness. I have found Gebser’s model to be a useful 
tool, and one whose application makes things more 
diaphanous (transparent). Whether or not the model proves 
to be valid, this new science and its mode of thought appear 
to offer an interesting and potentially fruitful approach to 
scientific, metaphysical, aesthetic and theological 
questions. 

That is the theory, but what about the practice? I use oil 
paint for its flexibility as a medium, and I use needlepoint 
for the opposite reason: The mesh of the canvas provides a 
regular structure in which to work the wool, whereas paint 
on canvas is free to roam. Both media enable me to 
visualize forms that are one-to-one analogues of digital 
programs. Until recently, I made the calculations for the 
programs with only pen and paper, but now I also use a 
computer to speed things up. Mathematica also helps me to 
apprehend the images of the program and the program 
itself. However, computer images lack the ‘aura’ of hand-
made objects, and this is why I work with canvas and paint 
and wool. But I regard programming as a craft too; I think 

learning Mathematica is like learning to paint in that it 
offers great flexibility once you’ve learnt the rules. 

I use all these different processes – drawing, painting, 
programming and tapestry – for what each has to offer.  
Insofar as they are manifest in the finished artwork, each 
one offers a different point of entry or mode of criticism. In 
exhibiting this work, I am looking to see how this operates. 
This is also an opportunity to see how these objects with 
the potential for ‘aura’ stand up against other digital 
artwork. 

It would be in concordance with my methodologies if one 
were to view this work as a continuing process rather than a 
goal-oriented task that has a clear beginning and end. That 
is not to say that this is an aimless project, but one in which 
there is recognition of the fact that when one is focused 
upon a single goal, one loses sight of many other things. It 
is only in this way that it has been possible to find the 
relations between these process-based models. And it is the 
essence of this system of correlations that I am attempting 
to convey through my art. I hope to ‘render visible’ some of 
the ideas through visual manifestations of the 
Aperspectival. 
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