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Conceptual Background

Since the early 90s we have been developing and programming interactive computer
systems that consider the users’ interaction input important components for self-gener-
ating software structures that are not predefined by us artists but instead constantly change,
grow, develop, evolve and adapt to the environment. One of our main goals in creating
these systems is to show how interaction is a key component to the creation of complex-
ity, diversity and emergence, not only in real-life, but in artificial systems as well.
We have applied the principles of complex adaptive systems and artificial life to the creation
of interactive software structures that constantly change when users interact with them.
We have created dynamic interactive artworks that are not static, but instead process-
based, open-ended, adaptable and environment-centered.
We call this “Art as a Living System,”1 in reference to natural systems which are always
dynamic, flexible and input-dependent. Before describing some of the research princi-
ples which we apply to the creating of these art works, let us consider a few basic ques-
tions on the role of programming, the function of the artist/programmer and the impor-
tance of research and development in our art works.

Research as an Art Form

For each of our interactive artworks we have developed custom-made software programs
as well as special hardware interfaces that we specifically invented and designed for
these systems.2

We concentrate a significant amount of energy on finding novel interfaces as well as novel
programming algorithms for novel artistic concepts. Our artistic activity has become a
research activity and the artworks we create have become research projects that expand
and explore the status quo of what is known and commercially available.
One of our main motivations for writing our own software programs and developing our
own hardware interfaces as opposed to using off-the-shelf software packages or
commercially available interface technology is our wish to develop systems that investi-
gate new questions and explore novel technical, conceptual and artistic approaches.
As media artists we have chosen to become artists/researchers or researcher/artists
who define and shape new questions of creation, and set out to explore the forefront
of creativity and digital technology, investigating the basic question of creation, inven-
tion and discovery.

Beyond End-user Art and the Art of Discovery

Having worked for around 10 years at advanced research centers in Germany, the US
and Japan,3,4,5 we have witnessed the usual time lag of a few years before a novel research
prototype actually becomes part of the software or hardware market. This means, avail-
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able software and hardware products usually lag a few years behind what is already scien-
tifically and technically explored.
Working as an artist in research and development thus not only provides insight into today’s
visions and inventions which might shape the future, it also enables you to define new
artistic research topics that might also shape the future of art, design, product and soci-
ety as a whole.
While it is of course perfectly legitimate to be an “end-user artist” who develops her artwork
through the currently available software or hardware packages, there is however always
a certain kind of creative limitation and aesthetic resemblance of works produced with
these packages.
The freedom to design your own software and create your own hardware could be
compared to mixing your own colors out of pigments as opposed to using a paint-set
with a predetermined number of premixed colors.
It is experimenting with details as well as sometimes accidentally discovering novel features
that make programming itself a highly creative experience. During the programming process,
essential new discoveries can happen by chance or even by misconception. The program-
ming language itself has been designed to be used in a certain way (the grammar and
the words, the syntax) but the content of what this language describes has not been deter-
mined, thus leaving a great deal of freedom to the programmer to use this language.
Programming is a constant discovery, and asking others to create a program on your
behalf means leaving out many creative details that can be essential to the final look and
even to the final content of the work.

The Poesy of Programming

Programming can be compared to writing a novel: even though the language of the novel
is defined (say French or German or English), the content of what is expressed is subject
to the author's imagination and creative expression.
The same holds true for the art of programming: programmers each have their own style
in writing programming code, and the result usually depends upon their skill and their
experience. Especially in the area of interface programming, which can be quite
complex as it needs to consider user input, there are great differences between program-
ming styles and the personal creativity of the programmer.
Going back to the metaphor of the novel, you could for example imagine asking two writ-
ers to produce a novel on the same topic, using the same language. The resulting two novels
would certainly differ greatly, even though both authors used the same language and perhaps
even the same words. One of the novels might be more interesting than the other, the differ-
ence being how the authors managed to convey their flights of fancy and ideas.
It is the full control over a language combined with a complete openness towards discov-
eries and experiments that help an author to produce an outcome (be it a computer program
or a novel) which expresses and transcends her creative vision.

The Role of the Code in our Artworks

Let us now look at the function of code in our own artworks.
One of our main goals in creating interactive systems is to show how dynamic and complex
life is. Or as Dennett described it, “William Paley was right about one thing: our need
to explain how it can be that the universe contains many wonderful designed things.”6

Deeply fascinated by the workings of nature, we created several artificial systems that
reflect on real life systems by re-creating and interpreting some of its beauty and complex-
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ity of design. From analyzing some principles of nature, such as the emergence of life,
the emergence of order and complexity as well as the dynamics of interactions, we were
inspired to create artificial systems that model some of these processes.
To do this, we needed to create software structures which themselves are dynamic and
open-ended. Over the years we have been instrumental in developing and establishing
a research field called Artificial Life Art, Generative Art and Art that creates Complex
Adaptive Systems through Interactivity.7

Let us briefly summarize some of the underlying research fields.

Complex Dynamic Systems

Complex System Sciences studies how parts of a system give rise to the collective behav-
iors of the system and how the system interacts with its environment. Social systems
made up, in part, of people, the brain made up of neurons, molecules made up of atoms,
and the weather made up of air currents are all examples of complex systems.
Complex System Sciences, as a field of research, has emerged in the past decade. By
searching for inherent structures in living systems and trying to define common patterns
within these structures, it approaches the question of how life on earth could have
appeared. A whole branch of research—not only within biology but also across its borders
to physics and computer science—deals with complex dynamic systems and can be seen
as the attempt to find basic organizing principles.
Complex Systems Sciences focuses on certain questions about parts, wholes and rela-
tionships. Efforts to describe and define the notions of complexity have been made by
many scholars including Aschby,8 Baas,9 Bennett,10 Cariani,11 Casti,12 Chaitin,13 Jantsch,14

Kauffman,15 Landauer,16 Langton,17 Pagels,18 Wicken,19 Wolfram20 and Yates.21

Although there is no exact definition of what a Complex System is, there is now an under-
standing that when a set of evolving autonomous particles or agents interact, the result-
ing global system displays emergent collective properties, evolution, and critical
behavior that exhibits universal characteristics.
Such a system is fundamentally novel and not deducible into its mere parts. These agents
or particles may be complex molecules, cells, living organisms, animal groups, human
societies, industrial firms, competing technologies, etc. All of them are aggregates of
matter, energy, and information that display the following characteristics. They

• couple with each other
• learn, adapt and organize
• mutate and evolve
• expand their diversity
• react to their neighbors and to external control
• explore their options
• replicate
• organize a hierarchy of higher-order structures

Emergence

In the study of complex systems, the idea of emergence is used to indicate the arising
of patterns, structures, or properties that do not seem adequately explained by refer-
ring only to the system's pre-existing components and their interaction. Emergence
becomes increasingly important as an explanatory construct when the system is char-
acterized by the following features:
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• when the organization of the system, i.e., its global order, appears to be more salient
and of a different kind than the components alone

• when the components can be replaced without an accompanying decommissioning
of the whole system

• when the new global patterns or properties are radically novel compared to the pre-
existing components; thus, the emergent patterns seem to be unpredictable and non-
deducible from the components as well as irreducible to those components.

Interactivity

One of the central roles in the creation of complexity and emergence is interactivity. By
coupling with each other and by exchanging salient information that in turn can trigger
the creation of new information, interactivity can be described as a key principle in the
organization and transformation of components within a complex dynamic system.

Dynamic Programming, Emergent 
Design and User Interaction

Intrigued by the idea that order, structure and design can emerge through the interac-
tion of particles or agents in a system, we have explored (since 1992) complex dynamic
systems that are open-ended, process-based, adaptable and environment centered.
From an artistic point of view we aim to create artworks that are like dynamical living
systems themselves (“Art as a Living System”),1 as they constantly change, adapt and
diversify according to their environmental input parameters.
The idea of creating a dynamic and emergent software structure also requires a new
programming approach: instead of asking the computer only to execute a given set of
instructions, the code itself should re-organize itself “on-the-wing,” while the dynamic
input parameters are processed. Just as in complex dynamic systems, all components
of the software code and all the input parameters from the interaction are coupled to
each other: this leads to a system that adapts and organizes itself, mutates and evolves,
expands its diversity, reacts to its neighbors and to external control, explores its options
and replicate and finally organize a hierarchy of higher-order structures.
It's artistically interesting to see how creation in this process becomes an emergent prop-
erty which can produce unexpected and novel results. Through the dynamic software
structure and a linked user interaction, novel content can emerge and new forms of expres-
sions can emerge. The final outcome is not so much a pre-determined “result” but instead
a dynamic process of constant re-configuration and adaptation.
Figures 1 and 2 show the work Life Spacies created in 1997. Here language is used
as genetic code to create artificial on-line creatures that live, mate, evolve, feed on text
and die. Users can create these creatures by simply writing text and by feeding the crea-
tures with text characters. In this work the idea of the code of language is used literally,
as the genetic code for artificial life forms. An in-depth description of this system is provided
in.22 Some of the earlier generative artworks we have created since 1992 using dynamic
and generative image processes are given in literature. 1, 23, 24, 25

Generating and Interacting with 
Complexity on the Internet

The Internet is an ever-expanding database of images, text and sound files, currently contain-
ing several billion documents. These data and their internal organization are constantly
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changing, as new documents are being uploaded, new web sites created, and old links
deleted. New connections between various sites are also constantly being built, and the
Internet itself has basically become an evolving, re-connecting and reconfiguring
network of user-driven data input and output. Since 1999 we have created various inter-
active systems that directly tap into this complexity and link it to multi-modal interaction
experiences.
The first system we created is called Riding the Net, built in 1999.26 Here users can use
speech communication to retrieve images from the Internet, watch these images as they
stream by, and interact with them by touching them. Two users can interact in this system
simultaneously, and as they communicate, their conversation will be supported and visu-
alized in real-time through images as well as sounds streamed from the Internet. Figure
3 shows an example of this interaction, shown at Siggraph 2001.
In 2001, we adapted the Riding the Net image retrieval software for an interactive infor-
mation environment, called The Living Room. The system was developed for the “Bo01-
Living in the Future” architecture exhibition held in Malmoe, Sweden, in May 2001. Users
in this system enter a 6 x 6 meter space that consists of four 4 x 3 meter screens and as
they talk, microphones placed on the ceiling of the space detect their conversations.
Detected keywords are then used to generate word icons, which start to appear and float

on the four screens. Users can touch any of
these word icons and their touch will trigger the
downloading of corresponding images from the
Internet. Up to 30 users in the system can
choose to touch the various word icons, which
will generate constantly changing image and
sound downloads from the Internet. As a result
of these multi-user interactions, a dynamic, self-
organizing, and constantly changing information
space emerges. It represents the users' indi-
vidual conversations, their individual interests
in certain topics, and their collective interaction
with the shared information.
In May 2002, we adapted The Living Room
software to the 3D immersive environment of

Fig. 1 Life Spacies II—graphical user interface. 
Written text is used as the genetic code and food
for artificial life creatures.

Fig. 3 Riding the Net—multi-modal interaction 
with complex data on the Internet.

Fig. 2 Life Spacies II—user as she creates and feeds 
various artificial creatures that mate, eat, die, interact
and evolve, creating an open-ended, complex dynamic
system.
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the CAVE™ system. In this system, called The Living Web, users can actually “enter
the Internet” and interact with the available image and sound information in three dimen-
sions. When users talk into their headset microphones, images that relate to their conver-
sations are streamed from the Internet and displayed in 3D in such a way as to surround
them. By grabbing one of the floating images, the user can retrieve more information about
this specific image (for example its URL), place the icon in a 3D space for bookmark-
ing, and sort the various selected icons as 3D bookmarks to create further links, main
interests, and connections between the various selected topics.
As in the “Riding the Net” and The Living Room systems, the imprecision of the speech
recognition system and the randomized choice of images from the various search results
are used intentionally to create a dynamic system that is unpredictable, full of surprise,
and compliant with some of the definitions of a complex system. While users have some
control over what kind of image and sound downloads are triggered, the sheer quantity
of available information makes straightforward selection impossible. For each keyword,
typically several hundred or at times several thousand image and sound documents are
available and users can typically only perceive a fraction of the available data. To manage
this complex and constantly changing database of images and sounds and to allow intu-
itive as well as creative data browsing, these systems were designed to deal with random-
ness and order, allowing partly directed and partly undirected searches. 27 Again, like in
the principles of complex systems, it is precisely this notion of order and randomness,
predictability and surprise that make dynamic complex systems interesting, emergent and
full of discoveries.

Transcending the Code

Writing computer programs is a complicated task, involving extended knowledge of the
ever-changing programming languages and versions, their capacity and their inner struc-
tures. In addition, knowledge of the computer's internal hardware architecture as well
as its resources and infrastructure can be of great advantage if you want to extend the
already known and explored.
Knowing both hardware and software structures is important if you want to explore new
forms of expressions and become less dependent on today’s pre-design and the limita-
tions of computer hardware and software.

Fig. 4 shows two users as they interact with the 
The Living Room data environment.

Fig. 5 User as she interacts with the complex 3D 
data environment of The Living Room inside a CAVE™
system.



It is extra freedom that in-depth knowledge provides, as you can change, modify and
extend any part and use both hardware and software as flexible materials to express and
shape your imagination and artistic vision.
Only when all the components of the materials are known, can you begin to transcend
the actual technology and create outputs that go beyond the purely technical and mate-
rialistic.
As in biological systems where the phenotype differs greatly from the genotype,
programming as an art form is not purely a question of the code for its own sake, but
rather a question of how this code is expressed, how it is linked to other environmental
influences and what it actually means.
Instead of focusing only on the technical details and getting lost in materialistic ques-
tions of the code, artists who work with this technology have to transcend the software
code and hardware constraints and present us with intellectually as well as emotionally
challenging ideas and questions.
The most difficult part in creating artworks with computers is thus not so much to acquire
technical skills or to learn the software languages, but to evaluate and estimate the tech-
nical possibilities of software and hardware constraints, as well as to explore new tech-
nical and intellectual ideas by balancing their conceptual and technical capacity and value.
As with any mastery in creative fields of expression (may it be dance, theater, music,
film or fashion—think of the dancers’ mastery over their bodies as essential component
for the final artwork of the dance performance), computer-dependent art requires a certain
mastery over the material before it can express itself in a higher and more transcended
form.
The quality of a media artist, then, lies in her sensitivity to create new visions and explore
new tools and structures that support these visions and finally present us with content
and experiences that transcend time and material by touching deeper emotional quali-
ties that are not readily explained through code or numbers alone.
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