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1. ABSTRACT

Computers can be very helpful to us by performing tasks on our behalf.  For example, they are very good at performing calculations, storing information and producing visualisations of objects that do not yet exist as a made artefact.  Increasingly, however, a different role is being found for the computer.  It is the role of a catalyst, or a stimulant, to our own creative thinking.  In such cases the computer is not primarily performing a task for us and generating an answer within itself, rather it is helping us to generate answers within ourselves.  The computer helps us think creatively.  This role for the computer can be illustrated in the context of computer support to creative design. In order to design computer systems that support the creative process, it is important to understand that process well enough to predict what might help, rather than hinder.  Given such research, we may begin to define the characteristics of what the computer must do in order to augment creative thinking. The paper explores a particular application of intelligent user interfaces:- the augmentation of creative thought in artists.
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3. INTRODUCTION

Fundamental to the argument of the paper is an understanding of how creativity in art practice works. Often, the initial creative process does not concentrate upon the surface qualities of the work, such as the texture of the paint or the quality of sound from a particular instrument. Stravinsky, for example, frequently composed at the piano and orchestrated, even in such works as ‘The Rite of Spring’, at a later stage.

Rather than start with surface considerations, the artist may well start with fundamental structuring considerations. The problem is to understand the concrete implications (through to the surface) of the structural decisions. This is where a significant opportunity for augmentation arises. By using intelligent agents to generate the concrete realisations of the structure decisions the artist can see the implications within very short intervals of time. The significant role of the agents in the user interface is to enable the artist to think and act in terms of the structures whilst, as a result of the agents' work, easily and quickly see the implications.

Following an introductory discussion of creative thought and the role of computer systems, the paper explores these ideas by illustrations of their significance in art practice drawn from a number of empirical studies and personal explorations. The key argument is that intelligent user interfaces can enable the artist to lift the level of concern in a way that promotes enhanced creative thinking.

4. CREATIVE THOUGHT

"Thought is not a means of solving the problems of this world as they arise. Thought is not a problem solver but a great process of realisation that is forever transcending, transformed, changed, developed." [1]
One way of viewing the subject of this paper is in terms of computer creativity for creative computation. By computer creativity is meant the possibility of computers doing things that humans might consider to be creative and by creative computation is meant humans being able to do creative things with the help of computers. 
Computers help us in many ways and we are used to the support they give us in performing different tasks: taking burdens away from us, doing something that is rather hard easily for us, etc.. For example, they are good at doing calculations and we have spread sheets that save us from doing sums. They are good at storing and retrieving data and we use databases to save us from time consuming searching and remembering. They are good at constructing visualisations of things which, whilst they could be constructed by an artist with pens, can be produced more easily with computer systems.

The above examples are all of tasks that are very helpful to us but they are not the primary subject of this paper. It is concerned instead with computer support that  stimulates our thinking rather than that saves us work. The concern is with how to provide support that stimulates us to think in new ways and so helps, in part, our creative lives.
"The formulation of a problem is often more essential than its solution, which maybe mearly a matter of mathematical or experimental skill. To raise new questions, new possibilities, to regard old problems from a new angle, requires creative imagination and marks real advance in science." [2]

That is what creativity is about, formulating new problems or possibilities rather than solving old problems. 

" Often in great discoveries the most important thing is that a certain question is found. Envisaging, putting the productivity towards the question is often more important, often a greater achievement than the solution of a set question." [3]

Hence, in supporting creativity it is important to understand this aspect. In this context it is interesting to note the results from a study of art students who were asked to draw a still life as part of an experiment [4].  A table was produced full of items from which they could select whatever objects they wanted and arrange them in whatever way they wanted. They then had to draw the still life. The final drawings were anonymously given to experts to judge them and place them in various categories. All of the selection and drawing process was recorded. 
One interesting point was the observations on manipulation and exploration. Times were taken on how long they spent on exploring the objects, and manipulating them, before they decided what to draw. So the pre-drawing process, we might say the problem finding process, where they tried to decide what they were going to draw, was measured. These times were correlated against the final results in the sense of the creativity, etc, of the result as judged by the expert panel. The results showed that originality correlated very highly with the time spent on this pre-drawing/ problem finding phase. As a matter of fact, craftsmanship does rather badly in correlating with innovation, so these things do not necessarily go together. This is, in itself, very interesting point. Thus, psychologists working in this area came to realise that problem finding might be as important as problem solving for creativity.

5. SUPPORTING CREATIVE USERS

In his Keynote presentation at the Artificial Intelligence in Design Conference held in Edinburgh in 1991, Donald Schön discussed intelligent support for design in the context of what is known empirically about design.  His analysis of the complexity of design was notable but, in particular, his stress on the roles of action and perception as well as cognition was significant.  He concluded with the remarks that:

"The design of design assistant is an approach that has not in the past attracted the best minds in AI.. Perhaps the time has come when it can and should do so." [5]

In response to this challenge, a special issue of the journal Knowledge-Based Systems was published which included Schön's address and seven responses from researchers actively investigating intelligent assistants [6].  The crucial point was to advocate a shift of focus away from using AI to automate to using it to enhance human activities, such as design. This point has been widely recognised in the Intelligent User Interface community.

Taking a more general view, creative thought, in any discipline, is hard to model.  In terms of achieving benefit it can be argued, following Schön, that the most interesting avenue is to investigate support systems, or assistants.  Candy [7] drew particular attention to the distinction between creative product and creative process. It is not sufficient to be able to recognise a creative product. Rather, we wish to understand the process that led to it. In fact the research issue that is of central concern in this paper, with its concern for art, is to understand that process sufficiently to be able to provide computer support that can enhance it.

Looking beyond art or design, creative thinking in management, science, engineering and other fields is mostly conducted with minimum computer support.  It is only when an initial concept has been defined, such as "Support the monitor by a wall bracket" or "Minimise the stock held in the warehouse", that a clear enough problem has been defined for most computer-aided methods to apply.  Technicians might carry out tasks according to well specified procedures but experts are continually reflecting upon the implications of existing knowledge in the light of new circumstances [8].  In the main, experts do not work with static, tightly defined knowledge.  The evolution of expert knowledge is central to how they make significant contributions to the field and, thus, gain advantage.  Thus fixed systems that do not allow end users to manipulate and modify the internal knowledge are not appropriate for the support of many creative knowledge workers.
Interactive Knowledge Support Systems [9] can assist expert knowledge workers in the more creative aspects of their work. The key advantage of such systems is that they enable experts to extend the domain knowledge of any system that supports them.  The definition of that knowledge, in fact, is close to the definition of their personal expertise. 

Interactive Knowledge Support Systems, where the end user manipulates machine representations of knowledge directly [10]. have been applied to scientific exploration [11,12].  This work has clearly demonstrated a potential for supporting creative work.

6. A STUDY: STRUCTURE IN ART

Before discussing the development of computer support and augmenting agents for artists it is important to take a small diversion to look at a particular aspect of art practice. The issue is the role of underlying structure in contrast with surface appearance for many artists. This section is drawn from a number of discussions, between artists and this author, as well as contributions by artists to the Creativity & Cognition series of [13,14,15]. The artists quoted in this section broadly belong to the constructivist tradition. George Rickey took a catholic view of the term in his important book on the subject [16]. He uses the term to refer to the long twentieth century theme of abstract (but not abstracted from nature) visual art of the twentieth century. Whilst noting this point, it is important to recognise that the concerns of these artists do not differ very much, in terms of this argument, from many others and, indeed, for most music.
In January 1996 four established artists who had not previously used a computer in their art practice spent a week at an artists-in-residence on the Loughborough Campus in order to explore the potential for their art of the computer. The artists were Jean-Pierre Husquinet (Liège), Fré Ilgen (Eindhoven), Michael Kidner (London) and Birgitta Weimer (Cologne). Each artist was paired with a technical expert who worked with them, identified appropriate computer systems and drew in other experts when necessary. By the end of the week Birgitta Weimer had produced computer generated prints to her artistic satisfaction. Fré Ilgen was making virtual sculptures that resided in a void and were not subject to gravity. Michael Kidner and Jean-Pierre Husquinet had not completed new works but both had begun a new exploration that has been continued since.
The nature of the interchanges between artist and technologist as well as the artists' perspectives upon the use of the technologies and what they gained from it were recorded. Both positive and negative aspects can be observed but in all cases the nature of the art practice involved was illuminated. One example of the results to be reported is that, despite the apparent simplicity of the artists' demands, it proved to be quite a technological challenge to provide the computing support needed. It seems that very few standard computing systems can adequately support established artists such as those participating. The positive side of this observation is that, largely because of the technical support provided, one week was sufficient to overcome the initial problems that were faced.  

In various ways, each artist was concerned with the structures that underlie the works produced. Also a concern for process - one might suggest the exploration of these structures - is evident. Each of these artists is involved in an exploration in which the products form a notable but not supreme part. In this sense, the computer's ability to handle structure might be quite significant. This point is illustrated by a set of quotations from the discussions held with Edmonds [17].
KIDNER: “I mean structure becomes the nature of the composition and there was a lot of discussion I think with the Russian constructivists in around 1920 as to the difference between composition and construction. They were all trying to make structures and were criticising composition. 

Well there are two things. I think one is that composition is designed to make the work attractive or interesting for the viewer to see. Well I have never thought very much about the viewer except that I am the viewer, so it seems to me that I make things and I have no idea what they will look like or very little idea. I don't really, care because I am more interested in resolving my problem and seeing, confirming, my theory or not”

HUSQUINET: “Yes, probably the best word would be structure because everything is based on structure.  It’s built either visually or musically in structures..

If it wasn’t for the process there would be no interest in the work anyway, so I wouldn’t do anything.  So it’s clear that the process is much more important than the work itself. You can probably relate that to having a musical score that you have written, in this case it is a visual score which I have painted and every time you develop that broken space you are rebuilding another structure of course, but if you think of it in musical terms it is like, if you were thinking of a musical score again, and play it again  it will wait just like jazz..  They play the score and then they improvise  upon the score .  Every time you hear a jazz musician live he plays the same piece but differently  Its a good parallel.” 
WEIMER: “I want to find not strict rules but to have my own rules in my work, and to find basic structures in things what I experience and what I see so I always add a different angle in my work or for what I was really looking for. I think that it is an inner necessity to find rules.

I think process is important, I mean on the one hand you can say that process influences the product, for example if I had an idea and I start to realise that sometimes I find other material I choose can not do what I wanted it to do so I have to change then, this is the process which can change the back idea I had in my mind before I started to work.”

ILGEN: “When you see my works you have the feeling that something  really argumentative, if you like kind of order, kind of system, maybe, but you can not find the rules of the system because they are based mainly on visual experience.

You have processes which should also reach temporarily moments of equilibrium and maybe a finished piece is that you are satisfied: your desire for making this thing reaches equilibrium”

At the same time as these studies were made, a number of other artists were involved in the 1996 Creativity & Cognition conference. Manfred Mohr was one of these and he made the following statement in the proceedings:-

“My art is not a mathematical art, but an expression of my artistic experiences. I invent rules which reflect my thinking and feelings. These algorithms can become very complex, that is to say, complicated and difficult to survey. In order to master this problem, the use of a computer is necessary in my work. Only in this way is it possible to overlay as many rules as necessary without losing control. It is inevitable that the results - that is, my images - are not readable at first glance. The information is deeply buried and a certain participation is demanded from the spectator, a readiness to interrogate this material”[18].

Thus it is clear that the concerns of the artist can often be with the deeper structures of their art rather than with the surface representations that make up the final artwork itself. The lesson that is to be drawn from this is that intelligent user interfaces may well have a significant role to play in easing the transition from those structures to the form of the artifact. This point will be returned to after another, more specifically relevant, digression.

7. A PERSONAL CASE
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This section will review something of what the author has done in relation to the visual arts and computers. The production of an art work is partly concerned with minimising the variables that one is trying to handle in order deal with more complex things. This is similarly to what many scientists do. Harold Cohen once said that someone had offered him a computer system that enabled him to use 4 million colours but he said that “the trouble was that it did not have the six colours that I wanted” [19].
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More than thirty years ago the author first used a computer for the first time to perform an art task for. I had a problem. I had many bits and pieces and I wanted to arrange them according to certain rules. I found it very hard. Always, when I made an arrangement, it broke one of the rules I wanted to satisfy. 

However, I had access to a computer and I managed to obtain three hours of computer time which was almost enough to solve the problem for me. It is interesting, actually, because I had to switch the computer program off after three hours because someone else needed it. But I had not quite solved the problem. There was one problem remaining. but I had reduced it into something I could solve myself. So I finished the job off.

That was good but did not excite me very much in terms of using computers. Much later I constructed a computer system with which I could interact and which would enable me generate time based pieces; little snippets of video. There was one, for example, where this image changes throughout the day, according to rules, which I built into the system. 

The point is that what the computer enabled me to do was to express, at a much higher level than I was used 

Figures 1,2,3 stills from SYDNEY by Edmonds

to, what I was after: so I could talk about structures. 

What one could do with the system was express structure and have the system generate the implications of that structure which one can then look at and think about and evaluate. What that means  is that one can start to  think about the implications of the structures in ways that were not possible without computers. Generating time based work of this kind was transformed by the computer. It was not just a matter of a speeded up process but one that was changed in kind.
8. AGENTS FOR ARTISTS

“any attempt to build a creative computer program will necessarily be knowledge-based in three areas: what the program needs to know about the things it seeks to represent; what it knows about its own performance; and how to do the things it decides to do.  [Cohen] demonstrates through his AARON program that what the program knows and what it can do are closely interdependent…. Feedback is central to creativity, both in the long sweep of the individual’s career and in the stepwise construction of new material, and we should therefore expect any attempt to build a creative program to be rule-based.  Rules are informed by criteria, which are not simply standards of performance but standards of performance with respect to specific issues.” [20].

Now we can come to the main point of the paper. What is the method of augmentation that has been used and is promoted? The translation from the fundamental structural ideas to the physical realisation is not the hard problem for the artist. The key point is that this transformation can be explained, expressed and modeled in a computational way. Hence, an agent can do it. The advantage of this possibility is that the speed of the artistic exploration (problem finding, transformation and development) can be changed to a degree that implies a change in kind for the artistic process.

The work briefly referred to above, particularly by Mohr, Edmonds and Cohen, all relies on computer processes of this kind. The key added dimension that is now being offered by the concept of an agent is embodied in its small modest ability to perform small modest tasks. A collection of agents can offer the artist a kind of pallet of realisation opportunities.

So, what are the problems with this approach to augmenting the artist? The first and foremost is the fact that only the artist has the knowledge that such agents need. Hence we need artists to make the agents, in some sense. More of a problem is that each artist develops important individual knowledge in this area. The answer then must be that the augmenting agent cannot simply be an off-the-shelf product for an artist to use. The reality is quite the contrary. The agent is a technological type that needs to be made available in a form that the artist can instruct, modify or construct in order to meet their particular creative requirements.

9. CONCLUSION

True co-operation between human and machine in the context of creative tasks must involve the manipulation of knowledge in the system at quite a deep level.  In particular, domain specific expertise must be explicitly addressed in a way that allows the expert user to modify and extend it.  Knowledge Support Systems, which allow end users to manipulate knowledge represented in the system, are therefore proposed as the way forward for the support of creative thought. 

In the view of the author, further advances in our understanding of creativity, and in the development of computer systems that enhance creative skills, can only be made by the bringing together of ideas and understandings from all of the relevant fields. Thus the relevant research must be multi-disciplinary. That includes art!
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