Computer Graphics and Animation
as Agents of Personal Evolution in

the Arts

any claims have been made, particularly
in the visual arts, regarding the effects of computer graphics
and animation technologies on the creative process. Unfor-
tunately, there has been very little empirical research either
to substantiate or to refute these claims. Many artists and
writers have articulated the apparent, positive effects of
using computer systems to explore their ideas {1]. A few
have taken a somewhat neutral position (i.e. there is little
or no effect on creative productivity) [2], but there is very
little documentation to be found regarding the negative
aspects of making images with these new technologies [3].

The picture is further distorted by the relative infancy of
these media. Relatively few writers or researchers have ar-
ticulated the aesthetic issues that characterize images pro-
duced with computer systems. Those who have attempted
to deal with these issues have concentrated primarily on
comparisons with traditional media, with the articulation of
novel properties and characteristics, with classification or
with aesthetic experience. Even less material has been pub-
lished from a psychological perspective. Almost no empiri-
cal research has been forthcoming.

The purpose of this paper is to attempt to clarify some of
these issues and, in particular, to raise questions regarding
the potential of graphics technologies for accelerating or
improving the creative process and hence the evolution of
the artist and the visual arts. ‘Computer art’ is characterized
as either mimetic, derivative, innovative or emergent, and
these terms are explained.

THE CHARACTERISTICS OF
‘COMPUTER ART’

Until the last few years, these technologies have been avail-
able to only a few artists because of their high cost. With the
increased democratization of the technology, artists are cur-
rently able to access software with ‘high-end’ functionality
at relatively low cost on microcomputer systems. A survey of
the aesthetic characteristics of work produced with com-
puter systems will, for the most part, reveal that most of it
can be classified into one of four categories [4].

The mimetic category consists of replications of works of
art originally produced in other media, e.g. paint, silk-
screen, film photography, etc. This is probably the most
common result of initial experimentation with the tech-
nology. By attempting to replicate, emulate or imitate estab-
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lished and traditional artwork,
the artistis able to determine the
characteristics, limitations and
appropriate methodologies for
the new tools. The artwork
should be seen as a function of
this experimentation, not as new
or novel. The attempt to emulate
traditional methods will always
fall short of its goal.

Derivative computer artwork
has the properties and charac-
teristics of traditional art forms
(typically work produced in an
existing style or school) and
meets established or traditional
stylistic and aesthetic criteria. As
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the artist begins to master the
techniques, there is often a
period during which he or she
makes variations by applying the
technology to variations of known conceptual and artistic
situations. It is perhaps to be expected that an artist will try
to extend his or her working methods and stylistic prefer-
ences to new technology or to work in an established stylis-
tic framework.

The innovative class of computer artwork demonstrates
novel techniques, content or imagery through alterations or
changes to the existing computer graphics paradigm. Most
often these are the result of the development of new algo-
rithms, but they also may be manifest as novel forms of im-
agery, for example, in the work of the better-known artists
in this field.

The result of this approach is that the work, however
monumental in its technical achievement, usually falls short
of that which it tries to emulate. If it does come close, and
it may be excellent in its own right, it is generally no better
than the original. On the other hand, evolution is often
achieved by incremental progress, and innovation serves to
push development towards major change.

Emergent artwork is characterized by the use of the
‘unique’ properties of the media. It is this last category that
has proved so difficult to deal with, for we have few analyti-
cal perspectives (particularly aesthetic ones) by which to
categorize and critique the work that results from the appli-
cation of techniques unparalleled in traditional art forms.

Whatare the unique properties of computer graphics and
animation? To summarize other writers on this topic: there
appears to be a general consensus that the uniqueness of
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the media may be characterized by in-
teractivity (direct, immediate feed-
back), simulation (virtual three-di-
mensional space) and intelligence
(the capacity of the technology to in-
corporate rules and constraints in
order to incorporate decision-making
strategies).

These four categories may be used
to classify artwork, but care should be
taken not to apply them in a way that
may invalidate the integrity of, for
example, mimetic or derivative work,
providing the purpose for their pro-
duction isappropriate to the situation,
e.g. during education and training, as
an extension of traditional work or as
exploration. The problem is that
much work has been produced with-
out any emotion, without any purpose
(other than exploration of tech-
nique), without novelty, without
meaning and without an appeal to a
broad cultural context or indeed to
human issues [5].

THE CONSTRAINTS
OF COMPUTER
GRAPHICS
TECHNOLOGY

With the introduction of any new me-
dium, artists first must master the tech-
niques of the medium and apply them
to the solution of existing problems.
This is often done by duplicating and
imitating, stylistically and technically,
traditional works of art. Indeed the
very design of the technology is
mimetic. The designers attempt to
duplicate traditional working meth-
ods rather than to invent entirely new
tools. This has even been extended to
the development of a system designed
to duplicate drawing with charcoal!

It is clear that the technology itself
also imposes constraints on the aes-
thetic and stylistic characteristics of
artwork produced in this manner.
First among this list are the hardware
constraints, and the most important of
these are the characteristics of the
hard-copy devices that are available,
such as displays, film camera systems,
printers, plotters, video technology
and the like. These devices provide a
very limited range of physical media
with which to work, unless a process is
developed to extend them or to inter-
face them with other technologies,
e.g. photography, ceramics or silk-
screen.

In addition, to perhaps an even
greater degree, there are software con-
straints, not only the particular charac-
teristics of the system’s primitive
shapes, text, colors and attributes, but
also the working methodologies.
Every system is designed by a group of
people who, through the combination
of hardware selection and software
development, leave their characteris-
tic signature, and this signature often
leaves its mark on the work of art.

In addition to the above, there are
also physical constraints. At least for a
significant part of the image-making
process, the artist’s body remains in a
relatively static position, which limits
the range of expressive gestures and
movements available. The artist must
maintain a high level of concentration
on a bright, luminous monitor and
must keep his or her eyes focussed in
a narrow range.

In making the transition from tradi-
tional to digital media, it is important
not to ignore the emotional and intellec-
tual effects of working with computer
systemns. For the most part, artists
report significant frustration while
learning to use new and complex
technologies, especially because the
image-making methodologies re-
quired contrast sharply with those that
they have used in the past and that
form the basis of their working meth-
ods. The frustrations of not being able
to express line, form and shape with
the articulation that is available with
paint and pencil probably have caused
many an artist to reject the computer
as a working tool. Breaking away from
habitual techniques and replacing
them with new ones often requires a
painful transition. Many artists are dis-
turbed by a medium that is so appar-
ently logical in nature.

THE CREATIVE ACT
AS PERSONAL
EVOLUTION

Creativity may be defined as the trans-
formational act of a human in the
process of evolution [6]. Creative be-
havior occurs when there is a trans-
formation or emergence of new ideas
or artifacts resulting from a series of
interconnected events. It is also the
process by which the artist transforms
him- or herself. In fact, it may be
claimed that artwork is ‘merely’ a by-
product of the process of personal evo-
lution or restructuring. Rather than
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an end in itself, itis an indicator of the
changes that have taken place during
the reinvention of the self.

In a previous paper [7], I have sug-
gested that there is a natural evolu-
tionary process involved in the evolu-
tion of artistic constructs and skills,
and that the hierarchical stages of
personal development parallel the mi-
metic, derivative, innovative and
emergent characteristics of artwork
described above. These claims are
made on the basis of empirical re-
search using the Repertory Grid Tech-
nique.

First the artist must develop skill, be-
coming familiar with the materials and
their characteristics. The artist builds
a repertory of expressive techniques.
These techniques are then applied to
the solution of (usually familiar) visual
problems. This step is followed by
novelty and innovation as these tech-
niques are combined with others or ar-
ticulated by modification. Finally we
may see the emergence of original ele-
ments, ideas or concepts. This emer-
gence appears most often to be
associated with moral concerns and
constructs such as honesty and in-
tegrity.

For evolution to take place, for the
emergence of the new, boundaries
must be broken. For boundaries to be
broken, there must be a degree of
chaos or fluctuation in an open sys-
tem. Artists often create chaos pur-
posely in order to break out of their
localized, conventional paradigm. Sel-
dom do computer graphics systems
have controlled randomness or chaos
as a part of their design methodology
(although it may often seem that
way!).

THE
CHARACTERISTICS OF
CREATIVE PROCESS

In 1926, Wallas [8] formalized the
stages of creative process as prepar-
ation, incubation and illumination;
these terms still are used today. In
general, traditional approaches to the
development of descriptions and ex-
planations of creative behavior have
been limited to reductionist analysis
rather than holistic synthesis.

The traditional approaches to re-
search in the field of creativity have
generally been limited to

1) descriptions of the various
phases or stages of creative process,
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Table 1. Comparison of
the stages of creative

behavior.

F Taylor King
Expressive
Technical Mimetic
Inventive Derivative
Innovative Innovative
Emergent Emergent

2) psychological and behavioral
characteristics of creative individuals,

3) observations regarding the na-
ture of creative artifacts, i.e. style and
aesthetic issues, and

4) the effects of the physical and
psychological environment on the
outcome of creative behaviors.

There have been many attempts to
model the creative process from each
of these perspectives. I have proposed
a single structural model of creative
process [9] that subsumes these tradi-
tional approaches by using general sys-
tems theory (specifically Catastrophe
Theory) as a modelling device. This
model has been applied to a variety of
problems in computer graphics and
computer graphics education.

Creativity is a fundamental part of
artistic activity, yet it remains a para-
dox at the forefront of contemporary
inquiry into the nature of human
thought. Creative behavior is a synthe-
sis of intuitive as well as intellectual
thought, and intuition is not readily
open to reductionistanalysis. Itis char-
acterized by a process in which associa-
tions are made among ‘remote’ facts,
concepts or insights in ways that, at
least on the surface, appear unpredict-
able and not always of the individual’s
volition. While creativity is teleological
or goal-oriented, there is often an in-
finite variety of ways in which the final
objective may be reached.

From a variety of different perspec-
tives, psychologists have identified a
number of characteristics of creative
behavior, both in terms of individual
personality characteristics and in
terms of process. The most important
of these are summarized below, and
their relationship to working method-
ologies in computer graphics and ani-
mation is discussed.

The process of divergent thinking
(the ability to process ideas from

different perspectives and contrasting
frameworks) is a key characteristic of
the creative process as well as an im-
portant part of the creative endeavor.
During the formative stages of creative
exploration the artist explores both
the external world and the inner self
in a psychological framework of open-
ness. This exploration requires a num-
ber of critical capabilities, in particu-
lar the ability to tolerate ambiguity and
chaos, sensttivity to problems and a high
degree of spontaneity. The creative in-
dividual must develop a mental and
physical environment that facilitates
this activity. For maximum creative
productivity, ideas must be produced
with fluency, flexibility and originality.
In Perspectives in Creativity [10], Tay-
lor describes a slightly more elaborate
set of ‘creative dis-positions’ that char-
acterize psychological processes simi-
lar to those I have described. These he
describes as expressive, technical, in-
ventive, innovative and emergent crea-
tivity. Table 1 illustrates these ideas.

THE COMPUTER AS
AN EVOLUTIONARY
AGENT

The degree to which a computer
graphics or animation system helps or
hinders creative activity is of critical
importance. At all stages of the crea-
tive process and during the evolution
of ideas, we need the computer system
to improve, supplement and enhance
our articulation and manipulation of
ideas rather than to cause mental,
emotional or physical blocks to crea-
tive productivity.

From the start, we are working with
a physical system that restricts access
to physical and environmental stimuli.
Because of this screen-centered activ-
ity, our mental faculties ‘lock out’, to
a remarkable degree, our immediate
surroundings. We are less likely to see
or experience the environment that
surrounds us. We are removed from
the impact of other visual artifacts,
tactile and auditory sensations and
interaction with other people. The
technology restricts our divergent
thinking during the initial stages of
idea development although it should
be doing the opposite.

This process is intensified by the in-
teractivity of the technology. We are se-
duced by its responsiveness. We lose a
sense of time and place. Interactivity
with an ‘external’ context coupled

with the system’s interactivity would
appear to restrict the creative in-
dividual’s opportunity to explore or to
interrelate divergent concepts and im-
ages. In addition, computer graphics
systems have significant expressive
constraints. The tools available do not
facilitate expressive gestures or tactile
contact with the image. Hardware and
software constraints may also have a
negative influence.

On the other hand, the immediacy
and interactivity of these systems pro-
vide a psychological framework much
closer in some ways to that experi-
enced by an artist during intense con-
centration during a production pro-
cess. Computer graphics (and to some
degree, computer animation) systems
provide the artist with extended capa-
bilities for improvement of both the
fluency and the flexibility of image
generation. They facilitate the rapid
exploration of changes in image char-
acteristics in both paint- and object-
oriented systems, which are unparal-
leled in speed, flexibility and fluency
by any other media. It is also possible
to create, change and manipulate ob-
jects and process in ways that cannot
be achieved by any other means. The
artist can combine, rearrange and
manipulate images from a wide variety
of sources with great dexterity.

During the convergent stages of
creative process (i.e. implementation)
a similar situation exists. All of the in-
dividual’s mental capabilities must be
focussed on the process of synthesiz-
ing or ‘distilling’ ideas and concepts
that have emerged (usually from the
process of incubation and illumina-
tion). Again, current computer tech-
nologies appear in many ways to re-
strict the creative process at this point.
The ease of production of many varia-
tions on a visual theme or pattern can
serve to confuse the artist and make
selection difficult. The artist also may
become seduced into taking many of
these variations seriously and may
even be incapable of deciding what is
important from such overproduction.
On the other hand, variety, flexibility
and ease of manipulation assist the as-
sociative processes, making it easier to
combine remote visual ideas and con-
cepts.

From these perspectives, the posi-
tive aspects of using digital systems are
clear. Added to the above is the con-
tinued development of new modes of
interactivity, representation and man-
ipulation. Many of these new tech-
niques come from advances in
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computer animation and allied tech-
nologies such as CD-ROM as well as
developments in hard-copy technol-
ogy. We also can expect to see the
development of a wider range of both
input and output technologies. As
hardware increases in speed and
storage capability, accessibility to large
databases of imagery, viewable as
multiple images on screen, should
improve significantly the initial stages
of creative exploration. Fast, high-
capacity fibre-optic communications
links will greatly assist the cultura] and
crosscultural exchange of both im-
agery and data.

At the educational level, major ad-
vances in artistic and design training
could be made. Unfortunately, there
is virtually no systematic, empirical experi-
mentation available that could form the
basis of applying these technologies to
the evolution of either technical or
conceptual skills. There is an urgent
need for such work, ifonly to arrest the
haphazard, poorly conceived ten-
dency in many art schools to submit to
the first high-pressure salesperson
who sets foot in the door. We need an
international task force to design and
develop appropriate approaches to

these problems and to share concrete
experiences and perspectives; other-
wise the negative effects of technologi-
cal change may overcome the positive.
This should be done not to standard-
ize but to provide opportunities for
divergent approaches and innovative
exchange.

As far as the individual artist is
concerned, while personal statements
about the effects of computer graphics
and animation systems of personal
creative change are useful, there has
been no systematic effort to document
and to articulate the issues surround-
ing the transition process, the effects
of these systems on creative behavior
or the evolution of technique and
ideas. Computer graphics and anima-
tion can affect creative activity posi-
tively at every stage, by improving the
initial, divergent stages of exploration,
by providing the means for accelerat-
ing the manipulation and articulation
of ideas and by providing innovative
frameworks for the synthesis of origi-
nal imagery and concepts.
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