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Achieving a balance of
control and freedom by supporting a
mix of strategies.

CREATIVITY CAN BE CHARACTERIZED AS A PROCESS
toward achieving an outcome recognized as innova-
tive. This definition goes beyond everyday creativity,
which is personal to the individual concerned and
does not necessarily lead to publicly evaluated out-
comes. Conceiving new ideas and making artifacts by
any individual may indeed be creative to that person,
but the outcomes from personal creative acts are not
usually valued as such by others. Boden’s distinction
between P’ (psychological) and ‘H’ (historical) cre-
ative is relevant here [1]. A further distinction is
needed within ‘H’ creative between exceptional and
outstanding creativity.

The outcomes of creative work that are exceptional
may be evaluated (and valued) by others, usually the
domain experts, but they not necessarily recognized as
such outside that knowledgeable group. Outstanding
creativity is that which has stood the test of time and
has become recognized beyond the specialist commu-
nity. This is what artists are finally judged by. Further
descriptions of the creative process and creative out-
comes are found in [1, 5, 11]. One aspect that is impor-
tant here is stressed by Boden. Creativity does not come
out of a vacuum in a sudden and mysterious flash. Typ-
ically, the creative step is based upon significant knowl-

edge and serious creative activities, including art prac-
tice, can best be understood in the context of knowl-
edge work.

Since the mid-1960s, artists have been actively and
successfully using digital technology in their practice,
with many of these artists classified as “computer
experts.” Bringing the expertise of art and technology
together has usually been the achievement of one per-
son working alone. As we consider more recent digi-
tal art, increasing collaboration occurs between people
from different disciplines with different skills. The
paradigm for digital art seems to be shifting toward
collaborative practice as a norm. Whether this pattern
of collaborative practice continues to grow or not will,
perhaps, change as education develops and responds
to the art and technology developments presented
here. We may see a growth in the number of artists
who are expert in computer technology to a similar
level as those in painting, sculpture, or print making.
On the other hand, the advantages of collaboration
extend beyond the acquisition of technical skills. Col-
laboration provides opportunities for more ambitious
creative projects [4] and furthermore, the funding ini-
tiatives that explicitly encourage joint activities also
contribute to this growing trend.

The artists’ reflections in the second part of the
authors’ book, Explorations in Art and Technology, raise
issues about digital technology in relation to creative
practice [2]. The book records a set of studies of the
process of making new art using digital technology (see
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Figure 1). Many of the artist contributors noted how
working with computers has stimulated them to move
their thinking forward. One discusses the importance
that digital technology has had in encouraging him to
shift the very idea of what he considered to be art. Oth-
ers found that using computers caused them to refor-
mulate the boundaries of their artistic vision, for
example, by adding time as a dimension of the work.
Many artists have been encouraged to break with estab-

Figure 1. Collaborators study
an artistic problem.

lished conventions, a core
element of truly innovative
practice.

For most artists, the importance of using and having
access to expert technological knowledge cannot be
overemphasized. As a study of collaboration revealed,
some find it vital for each member of the team to have
a clear and well-defined role. On the other hand, by
their own account, some artists have been struck by the
way digital art collaboration leads to the blurring of the
distinction between artist and technologist. In both sit-
uations, access to expert knowledge and opportunities
for the collaboration needed in order to acquire that
expertise prove to be essential in enabling the realiza-
tion of successful digital projects. An interesting aspect
of collaboration is the way in which it provides partic-
ipants with more than one viewpoint about the nature
of the creative process. One artist notes how the process
of collaboration with a technologist, and the kind of
discussion that it requires, encouraged her to reflect on
different views about how to proceed with the work
and what method to use to produce it. Collaboration
helps the participants to address tasks via a number of
parallel channels of thinking that draw upon different
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types of knowledge. From this process, entirely new
understandings emerge that transform the outcomes of
the creative work.

Studies of Creative Process

Understanding the ways the creative process has been
influenced by the growth of computer use is a key
research issue. Studies of the creative process, as dis-
tinct from studies of the outcomes of this process,
have been much more
extensive in the field of
design than in art.
Although there are differ-
ences between the fields of
design and art, they have
similar characteristics with
regard to the creative
process. It is therefore use-
ful to broaden the discus-
sion to examine the issues
surrounding creativity in
general, but particularly in
design practice.

There has been consid-
erable research into how
designers carry out design
activities. In product and
software design, common
characteristics have been
identified [9, 12]. Mac-
coby [10] studied prominent designers and engineers
whose contribution to their fields was unquestioned
by their peers and the world at large. Although they
represent a spectrum of different fields and cultures,
they exhibit similar ways of thinking and working.
Most are “holistic thinkers,” in the sense they look
for an overall broad scope before moving into specific
detail. Other studies indicate that design is often
solution-led, in that the designer often proposes sev-
eral candidate solutions early on in order to better
examine the problem. Designers impose constraints
that reduce the number of solutions and help gener-
ate new concepts, changing their goals and adding
constraints during the design process. Boden makes
a good case for the claim that changing a constraint
might be at the core of creative thinking [1].

Taking account of these studies and our own inves-
tigations into innovative designers, various characteris-
tics of the creative process have been identified with a
view to identifying the kind of computer system that
could be supportive to the designers” creative practice
[3, 6]. New ideas do not just come out of thin air. The
conditions for creativity are very important and out-
standingly creative people seem to be able to arrange



for the right conditions to be available. The use of com-
plex tools, such as computers, forms a significant part
of the context in which the conditions for creativity
exist. The studies referred to previously identified
aspects of the creative process relevant to art and tech-
nology practice. Most interestingly, they relate to artists’
observations on working with computer technology
that were discussed earlier.
A key activity in the process is the exploration of
ideas, knowledge, and options.
Figure 2. E601 by AARON Some examples of aspects of

2002 (image courtesy of eyploration that were identified
Harold Cohen).

from empirical studies are summarized here:

* Breaking with convention. Breaking away from con-
ventional expectations, whether visual, structural,
or conceptual, is a key characteristic of creative
thought. Events that hinder such breaking with
convention are avoided, whereas positive influences
are embraced.

* Immersion. The complexity of the creative process
is served well by total immersion in the activity.
Distractions are to be avoided.

* Holistic view. The full scope of a design problem is
only fully embraced by taking a holistic, or sys-
tems, view. The designer needs to be able to take
an overview position at any point and, in particu-
lar, to find multiple viewpoints of the data or
emerging design important.

* Parallel channels. Keeping a number of different
approaches and viewpoints active at the same time
is a necessary part of generating new ideas.

The creative person needs to work in parallel chan-
nels. The creative process also includes idea generation
and the evaluation of those ideas. All three activities fre-
quently involve acquiring new methods or skills and
using expert knowledge. Much of the collaboration that
we observe in the artist’s discussions is concerned with
new skills and expert knowledge. Digital artists are con-
cerned with finding and creating the environments in
which they can work productively. The early digital
artists had little choice but to acquire the necessary
computer expertise themselves if they were to be able to
achieve anything at all. Their experiences were rarely
collaborative in the sense we mean today where
people of different skills and backgrounds combine
their efforts to make the technology accessible for
art practice.

As an example of the role of digital technology in
the development of an artist’s expert knowledge, it
is interesting to consider two artists whose contri-
butions to computers in art has been very signifi-
cant over many years.

Digital Technology and Creative
Knowledge

Harold Cohen’s computer system, AARON, is the
most successful example of a computer program
that creates drawings and paintings autonomously
[7], as illustrated by an example of its output in
Figure 2. Cohen’s artistic knowledge about creat-
ing drawings and paintings was captured in the
form of a computer program that could then cre-
ate new works itself. In the process of developing
the program, the artist’s process involved evaluat-
ing AARON’s drawings and reexamining the knowl-
edge in the programs in light of his judgment. He
then modified the program many times to include
the new insights in the program. The creative process
was one of externalizing his existing drawing and
painting knowledge and then, once it was made visi-
ble by the computer, evaluating the outcomes and
making further changes for which he often needed to
acquire new knowledge. Thus, the evolution of
Cohen’s own knowledge about painting was at the
center of the process.

When he began this work, the drawings were con-
cerned with strictly organizational issues in the sense
they were basically abstract. Cohen has since moved
into expressing knowledge about color in the computer
program, which has been generating figurative art
works. The figurative knowledge in the computer sys-
tem required more knowledge about the world.

For Cohen, creativity is something that is a process
of continuous change, as distinct from single events.
That change, as his work exemplifies, is in the mind
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and actions of the human and the process is essentially
a directed one. It is a process of engineered knowledge
development. His work is unique and the basic concept
of developing an autonomous creative computer has
rarely been taken as far as this. Cohen explores the
implications of his work for art practice and the
changes it has brought about in concepts of art and
who owns it in a recent essay [2].

Another artist who has made pioneering contribu-
tions to art and technology in quite different ways is
Manfred Mohr, whose work has been transformed by
the visualization possibilities of technology. Mohr’s
work involves the construction of two-dimensional
views of six-dimensional cubes (hypercubes) as seen in
Figure 3. His goal is to express geometric knowledge
about the cube that is encoded in the computer system
using a programming language. The computer pro-
gram then generates graphical entities from which he
makes artworks using conventional media such as can-
vas and laser cutting and special computer output
devices to implement his intentions. The goals of
two parties to the process—the artist and the
computer—are
clearly differenti-
ated: the computer
program generates
purely geometric
objects while the
artist makes aes-
thetic choices from
which he goes on
to make artworks.
The artist cannot do the bi-dimensional geometry in his
head and the computer requires the artist to specify the
geometric knowledge in a computationally tractable
form. Only with the aid of the computer is he able to
take an holistic view of the objects with which he is con-
cerned. For Mohr, the interactive process with the com-
puter is one with which he extends his capability as an
artist: ‘what fascinates me about a machine is the experi-
ence of a physical and intellectual extension of myself” [8].

A productive relationship with the computer is
dependent upon both the power of the programming
language used by the artist and his own ability to
develop its capability to achieve his goals. Mohr’s
approach is to retain ultimate aesthetic control over the
final outcomes rather than leaving the final choice to
the computer. This symbiotic interaction differs from
that of Harold Cohen’s, whose primary goal is to have
the computer system make the artworks. The role he
chooses for himself is to specify to the computer the
critical underpinning knowledge about art from which
the computer generates the drawings and paintings. In
using a computer language to make a computer create
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works, rather than a software application to create the
drawings and paintings himself, he is expressing a fun-
damental premise on which his whole approach is
based, exemplified in the statement: 7 inevitably get
nervous about the notion that somebody could make art
without a profound grasp of the underlying disciplines
involved” [7].

Cohen’s artistic vision places high value on expert
knowledge about art and its role in computer-gener-
ated art. Mohr’s vision involves exploring generative
processes that are not accessible to human perception
but are, nevertheless, able to
be specified using the
method he has chosen. The

Figure 3. P-709/A—five parts
(image courtesy of
Manfred Mohr).

final artworks remain the province of his artistic deci-
sions. For each artist, the particular points in the cre-
ative process when it is desirable to interact with the
computer language and the outcomes it generates are
different.

Creative Knowledge Work

Case study results provided different kinds of evi-
dence about creativity, from which models, one mod-
eling creative process and the other modeling creative
cognition, were derived. These highcognitive models
informed the requirements for a creativity support
system in which knowledge and visualization are
essential ingredients of creative work [5]. Visualiza-
tion activities are to be found in most examples of cre-
ative work although the degree of emphasis varies
considerably from domain to domain. In our preced-
ing discussion, we noted how important the computer
was in enabling Mohr to investigate and consider his
multidimensional cubes. Knowledge, on the other
hand, is central to Cohen’s work: it might even be said
to be about knowledge.



A number of models that aim to represent the cre-
ative process include the highly important activities of
exploration, generation, and evaluation. The character-
ization of each of these activities is drawn from a num-
ber of studies including those of the authors and is
described in brief here.

Exploration involves accessing source data, compris-
ing different types of knowledge that may be exam-
ined, assessed and interpreted in terms of the primary
goals of the creative knowledge worker: for example,
addressing customer requirements, problem specifica-
tions, design briefs, and so forth. This is an open
process, possibly without observable directions, How-
ever, the thoroughness and selectivity of the activity is
critical to the quality of the generative stage that fol-
lows immediately and to the subsequent iterations that
take place between those stages. Having a comprehen-
sive set of knowledge sources readily available is
extremely advantageous. Knowing where to look and
how to select the knowledge is even more important.
There is often rapid iteration between the exploration
and generation activities depending on the domain or
problem area.

The generation of possible solutions or approaches
to the brief or problem definition draws upon the
results of the initial exploration. Problem formula-
tion, as distinct from problem solving, is critical to the
effectiveness of the solution space that is defined. It
draws upon a wide range of analogous cases often out-
side the immediate domain. This has been character-
ized as an ability to make remote associations.
Creativity is demonstrated by the generation of many
potential solutions instead of gravitating quickly
toward a single and (usually) familiar solution that is
not necessarily the optimal one. The ability to con-
sider parallel lines of thought and to select and trans-
form the results to meet the demands of a different
situation is a critically important aspect of solution
generation.

Evaluation involves taking the results of the genera-
tive activity and testing the candidate solutions against
a set of constraints. This leads to modifying, reformu-
lating, or discarding solutions depending on the feed-
back. Selection of the optimal solution may involve a
number of trade-offs against the constraints that are
applied especially where, as is usually the case, the prod-
uct is a complex one. The application of tight con-
straints may be considered conducive to creative
solution finding and thus evaluation is a vital part of the
creative process [1]. Evaluation may be viewed as a per-
vasive activity that takes place from the exploration
phase onward. The use of expert knowledge in evalua-
tion has been identified as an important aspect of suc-
cessful solution finding.

Conclusion

Creativity does not always involve knowledge work
and knowledge work does not have to involve creativ-
ity. Knowledge work involves the assimilation of exist-
ing knowledge and its interpretation for the benefit of
others. The knowledge worker’s knowledge is a con-
tinually evolving body of expertise but this is not nec-
essarily creative in itself. However, where the
knowledge work involves the generation and evalua-
tion of new ideas, solutions, and artifacts, this can be
described as creative knowledge work—art practice
can frequently be seen as exactly this kind of process.
Space limitations preclude a comprehensive discus-
sion of the implications of this work for software
design. However, the studies of creative practice dis-
cussed here help us understand the challenges to
human-computer interaction in providing positive
support for human creativity by artists and, more
widely, by all creative knowledge workers. K
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