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Abstract


Chaos theory may provide models for creativity and for the personality of the artist.  A collection of speculative hypotheses examines the connection between art and such fundamentals of non-linear dynamics as iteration, dissipative processes, open systems, entropy, sensitivity to stimuli, autocatalysis, subsystems, bifurcations, randomness, unpredictability, irreversibility, increasing levels of organization, far-from-equilibrium conditions, strange attractors, period doubling, intermittency and self-similar fractal organization.  Non-linear dynamics may also explain why certain individuals suffer mental disorders while others remain intact during a lifetime of sustained creative output.
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1   Introduction


Chaos theory may provide models for creativity and for the personality of the artist.  Non-linear dynamics may also explain why certain individuals suffer mental disorders while others remain intact during a lifetime of sustained creative output.


In the following collection of speculative hypotheses about the connection between art and chaos theory, I use the word "painting" generically for other visual arts such as drawing and sculpture because of my background as a painter.  It is possible that the analogies between non-linear dynamics and the visual arts may also apply to other activities such as writing and composing music.


  In this paper the word "chaos" is used in the way the word "complexity" is used by the Santa Fe Institute scientists, to designate a state of activity that calls forth new combinations of order.  At the Santa Fe Institute, the term "chaos" designates a highly active state which does not produce new or lasting organization.  I call this state "disorder."

2   Dissipative Processes, Open Systems, and Entropy

Non-linear systems are characterized by dissipative processes, open systems, and entropy (Kellert, 1993; Ruelle, 1991).  In nonequilibrium states entropy can give rise to order. (Prigogine & Stengers, 1984)


Creativity also appears to be a dissipative process, one organized by the open system of the creative person.  Artists take in energy and information from their environment and discharge entropy as local examples of order which we call art.  Ordering energy is creating information and as such is negentropic (Shannon 1971), making creativity a negentropic process.


Like dissipative processes, creativity is fueled by an exchange of energy with the outside world and exists because it is open to this exchange.  If an artist were not open to outside influences, disordered stagnation would occur.


As each dissipative structure is a separate entity, so every period of creativity is unique and every work of art should be unique as well.  When the works of an artist resemble each other too closely, there is a lack of creativity, and what might have been the chaos of creation is only the linearity of repetition.

3   Iteration

Non-linear processes are built through iteration (Stewart, 1989).  Creating a work of art can also be seen as an iterative process.  The painting in its current state reacts with the painting in its previous state which is in the artists memory.  The painting is always being compared and referred to itself and this comparison lays the trajectory for the evolution of a work of art.


In iterative processes small changes may become amplified (Gleick, 1987).  A decision to affect one part of the painting, no matter how small, changes the painting.  Becoming incorporated into the whole, it is the basis for future iteration and affects the direction of the painting's progress.

4   Irreversibility

Chaotic processes are characterized by irreversibility (Ruelle, 1991).  Creativity is also an irreversible process. As a macro process, creativity is time bound.  A painting cannot be un-painted.  Even though parts of it may be obliterated or taken out, that is still part of the process of bringing it to its final state.  Overpainting, scraping or turpentining a work off the canvas may expunge its image but cannot erase the past of its brushstrokes and how it looked.  Obliteration can be image obscuring, but is not time reversing.  Irreversibility appears to be fundamental to the organization of a work of art.

5   Randomness and Unpredictability

Chaotic process have both randomness and unpredictability (Gleick, 1987).  Because there is a degree of randomness in every work of art there is no way of completely predicting its outcome.  Without the random unexpected element, art can become rote and lifeless.  If a work of art were only the result of randomness it would be a product of disorder.  Determination, purpose and intent form the framework or attractors within which the random occurs.  Randomness increases the irreversibility of a work of art.

6   Sensitivity to Stimuli

Chaotic systems react to stimuli that would be inconsequential in processes approaching equilibrium.  In this sensitivity, a system produces a spontaneous adaptive organization to its environment (Prigogine & Stengers, 1984).


Extreme reaction to stimuli is also found in creative individuals, who are known for their sensitivity to the external world.  This reaction can be a positive or a negative adaptation. As a positive adaptation, an artist may be struck by an idea or by the beauty of a scene and be inspired to produce a work of art.  Another form of positive adaptation may be increased creative output as a response to encouragement or to critical acclaim.


A negative response to an artist or the works of art can produce a negative adaptation.  Both Vincent Van Gogh (Van Gogh, 1967) and Edvard Munch (Grimes, 1994) were tormented by the negative response of their neighbors and responded by going deeper into mental illness.  Positive critical response aided the career of Titian who went on to become the leading painter in sixteenth century Venice (Rosand, 1978).

7   Autocatalysis

Chaotic processes are autocatalytic. (Briggs & Peat, 1989)  The creative process also appears to be autocatalytic.  Artists, through their moods and emotions react with themselves either positively or negatively to enhance or inhibit their productivity.  A balance of positive and negative feedback is necessary for the production of a work of art.


Responding positively to their own work, as in a positive feedback loop, artists can increase their excitement and spur their creativity.  But with unchecked positive feedback, an artist may paint without adequate assessment of the work produced.  Responding negatively, an artist can examine the work and detect flaws.  However, if the negative feedback loop is not interrupted, it is possible to become overly critical.  Artists can inhibit themselves and their creativity, stopping the work.

8   Sub-Systems and Bifurcations

Chaotic systems contain subsystems which are in constant fluctuation.  A single fluctuation can become strong enough to break the existing order and bifurcate the system into a new order (Prigogine & Stengers, 1984).


As systems are composed of subsystems which are constantly in motion, so the artist has layers of consciousness and emotions, which like the resting chaos of brain cells, (Freeman, 1991) are ready for excitation.  A painting in progress also contains sub-systems.  As it is being worked on, its parts are in a constant state of adjustment demonstrating the fluctuations of non-linear dynamics.  Very often, in fact always, in my personal experience, a part or subsystem of the canvas can fluctuate in such a way that it bifurcates from the existing composition and takes the whole work of art in a new direction.

  
One might ask, doesn't the artist have plans for a painting?  Usually, and especially in figurative art, the artist does have a plan in the form of a drawing, smaller composition, or just an idea.  Such a plan can be seen as the attractors within which the non-linear dynamics of a work of art begin to take form.  However in translating the plan to the canvas many things happen.  For example, there is a scale change.  Things that look good small may not work large.  Some artists compensate for this by making a full size drawing of the composition, but even then there are always changes to be made in the final work of art.  Sometimes an adjustment is better than the original idea, and the artist has a whole new route to take.  Creativity is in fact stopped if the artist is not open to the constant bifurcations that happen in the painting process.

9   Increasing Levels of Organization

Chaotic systems are characterized by increasing levels of organization (Prigogine & Stengers, 1984).  In creating a work of art, disparate elements are brought together into a synthesis creating a higher organization than that of the parts by themselves.  On the physical level of the painting, the artist combines paints, canvas, and solvents to create a finished work of greater complexity than its individual components.  The artist's ideas, intentions, and emotions generate higher organizations of meaning in the work of art.

10   Far-From-Equilibrium Conditions and Strange Attractors

Chaos is a far-from-equilibrium condition (Sterling, 1992) whose turbulence is contained within the limits of the strange attractors (Ruelle, 1991).  Creativity is also a far-from-equilibrium condition.  The most chaotic part of the creative process is that of inspired activity.  Inspiration takes the artist into in a state of hyper-excitability.  In this condition, innovation becomes available because the system can move away from repetitive old patterns and establish something new and unique.  Inspiration, with its flood of ideas, can at times, be characterized by turbulence.


The matrix of the personality acts like attractors holding the artist within the parameters of sanity during periods of chaotic inspiration.  Artists need to have a strong foundation.  The non-equilibrium that produces sensitivity and instability can also create disorder in certain individuals.  Some artists have breakthroughs while other artists have breakdowns.

11   The Period Doubling Cascade to Chaos

When a system is pushed beyond stability it may exhibit period doublings which appear as bifurcations cascading into chaos (Stewart, 1989).  It is possible that period doublings into chaos may provide a model for the mental instability found in some creative individuals.  During inspiration the different ideas or options available to an artist can be modeled as attractor basins in a phase state.  As inspiration is fueled autocatalytically by the artist's response to the excitement of creativity, the non-linearity of the situation increases, which may be seen as a multiplication of period doublings.


In a mentally healthy artist, the strange attractors of the personality may act to limit the number of period doublings to ensure a creative chaos that will produce works of art.  In a mentally disordered person, the already weak attractors of the personality may not be able to limit the number of period doublings.  The nervous energy of inspiration may flood the system with too much non-linearity until the chaos achieved is not creative but disordered.


An example of excessive linearity creating disorder is found in Langton's quantification of Wolfram's work with cellular automata.  These computer simulations of life processes were originally found in the work of Conway (Waldrop, 1992).  Wolfram (1984) described four classes of cellular automata: Class I, where every cell died after one or two moves; Class II, with static oscillation of groups of unconnected cells; Class III with groups of over-energized cells that never produced anything; and Class IV with cells that combined, produced new structures, and recombined in a complex manner.  When Langton (1992) assigned parameters to Wolfram's four states, he found that Class IV was actually a state before, not after Class III, which contained the most non-linearity. He discovered that increasing the non-linearity of a system can push it from complexity into disorder. Again, there is a difference of semantics.  What Langton has called complexity, I call a creative chaos, and what he termed chaos, I call disorder.


Huberman (Gleick, 1987) also found that too much non-linearity caused a system to behave erratically.  He analyzed the constant extraneous eye movements of schizophrenics and their relatives who were unable to track the motion of a pendulum.


Another possible model for mental instability in a creative individual may found be Abraham's (Abraham, 1989) buckling column diagram.  This phase space with two attractor basins can be seen as two aesthetic options set before an artist.  A healthy person is capable of making a choice.  One attractor basin is chosen while the other one vanishes.


An unhealthy artist with obsessive tendencies may not be able to choose between the attractor basins.  A crippling obsession without resolution might flood the system with too much non-linearity.  Obsessive rumination may over-examine each possibility dissecting it into almost infinite nuances.  If this happens it is possible that the two attractors may period double into myriad small attractors, becoming a model of too much non-linearity in a system and of mental disorder in an individual.

12   Intermittency and Self-Similar Fractal Organization

Chaotic processes are intermittent and exhibit a structure that is fractal and self-similar (Mandelbrot, 1983).  In the mosaic of a chaotic system like the Mandelbrot set, there are islands of order which resemble each other but are not identical.  These have been called "Mandelbrots," and are connected to one another by thin filaments (Briggs & Peat, 1989).


Creativity also appears to have a fractal nature.  Like the Mandelbrots, periods of creativity appear to be self-similar but not identical.  Works of art produced by an single artist also tend to be similar but are not identical.  As the Mandelbrots appear separate but are connected to each other through a fine filament, so the periods of creativity and the works of art are connected in the threads of the painter's unconscious processes.


From a social/art historical standpoint, the Mandelbrots are analogous to the paintings of a particular school or time which also resemble each other but are not exactly alike.  Here the filaments would be the social or art theoretical issues that identify the style.  The Mandelbrots can also be seen as the intermittent periods of time when a specific painting is being worked on.  Creativity is not a constant process.  Not only because some ideas develop over time, but also because the flow stops.  Artists sometimes take years to finish a painting and to compensate for this often work on more than one piece at a time.  As periods of chaos and order alternate in systems (Stewart, 1989), so do periods of creativity and reflectivity alternate in the life of an artist.

13   Summary

Certain aspects of non-linear dynamics appear to be relevant to the process of creativity and to the personality of the artist.  Examining analogies between non-linear dynamics and creativity may provide some understanding of the artist and of the process of making art, and in doing so may strengthen the connection between science and the arts.
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