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ABSTRACT

This paper reports on a transdisciplinary undergraduate university course designed to bring together fine art/visual communication design and computer science students for the creation and implementation of collaborative visual/audial projects that draw upon the specialised knowledge of both these disciplines. While an overview of syllabus and teaching methodologies is undertaken in the introduction, the focus of the paper concentrates upon an in-depth discussion and analysis of 3 specific projects that were developed by 3 distinct teams of students comprised of one artist/designer and one engineer.
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INTRODUCTION

Needs and premises
Preliminary findings and future projections adhering to the following topic were written up in prior publications [1] [2]. The present study is in the nature of a detailed description of teaching procedures based upon 2 years of implementation of the methodology; and as such constituting a report of progression, with special emphasis upon 3 student projects as the focus of content.

The course was developed in the spring of 2003, by a computer scientist, specialising in computer graphics and a graphic designer, specialising in electronic applications. Both were practioners in their fields as well as academicians and both had encountered collaborative projects in their separate practices, giving them an insider’s knowledge and appreciation of the need to develop common languages; a transdisciplinary understanding of disparate areas of expertise as part of the curriculum, both for artist/designers and engineers.
Thus the design of the course focused on bringing students from separate fields of learning together; neither party relinquishing their areas of expertise and most importantly, neither party being required to learn the other’s skills. In other words the aim was not to make artist/designers out of engineers and vice versa. What was aimed at was the formation  of  teams,  comprised  of  one artist/designer and 
one computer engineer, each of whom would bring their individual skills, expertise, talent, creativity and viewpoints into the development of one single project, from its conception to its implementation to its final presentation. 
Instructional strategies
The course is a 3 credit undergraduate course, which 3rd and 4th year students from both the computer science as well as the art and design programme can take, provided they have taken the prerequisite courses. For computer engineers this is an introductory computer graphics course, for artists/designers basic design and typography. The student body is however limited to an even number – not to exceed 20 in total, comprised of an equal amount of students from each discipline since the methodology relies entirely upon the formation of equal numbered teams.
Developing a transdisciplinary syllabus
 “A truly integrated curriculum entails the intellectual development of faculty as much as that of students, such that the two groups become reciprocal members of a shared, mutually self-critical learning community” [3]. 
It was inevitable that during the collation of the teaching material as well as the actual teaching of the course both instructors made major discoveries, not only about each others fields of expertise but also about one another’s thought processes and approach. This is felt by both to be an ultimately enriching experience, which has also spilled over into general teaching activity. 
The first 5 weeks of teaching activity is devoted to two activities which run in tandem: The first of these is the supervision of the development of the individual projects which students embark upon during the second week of classes, as soon as team selection has been made. The second is the transmission of a rigorous survey of both areas of study. Students are given joint lectures, presented by both faculty members. The focus of these lectures is a presentation of a diverse range of innovative new media projects, such as the output of information visualisation, wearable computing, networked installations and performances, shape grammars and CAD applications, navigable 3D environments to name a few; approaching this content both from a programming as well as an aesthetic point of view. Students are encouraged to investigate the shortcomings as well as the successful aspects of this presented output, determining for themselves to what extent collaborative enterprise promises success in new media output.
Along with the presentation and discussion of the above material the instructors also give lectures on specific subjects, relating them to their own areas of expertise. Thus concepts such as “colour”, “light”, “space” are investigated both from a scientific as well as an artistic perspective. Thus, when broaching the subject of “light”, during a three hour class, diverse names and concepts, from Caravaggio to Gouraud Shading, from bioluminescence to the absence of light in Islamic miniature paintings are tossed about and speculated upon, constantly creating multiple associations and new pathways, compelling both students and faculty to make new connections, seek new means of expression and communication. 
Project development
Team formation

The course depends entirely on successful teamwork and collaboration. To this end teams are formed by means of a lottery drawn during the second week of class, pairing one computer engineer with one artist/designer randomly, in a simulation of real work environments, where one is often compelled to collaborate with partners that one has no prior aquaintanceship with, that indeed one may not even particularly like and get along with.
The term project is then conceived of, formulated and developed jointly by the two team members. As stated above, it is not the intention of this course to make engineers out of artists and vice versa. Nevertheless during the conception and development of the joint project both parties are compelled to think along the same lines, to empathise, to understand, to implement their unique as well as professional creative and problem solving abilities to the same end.
As they develop ideas students are urged to think along lines of meaningful content, such as educational environments/applications, as well as those which take to task the representation/narration of artisitc content, visualisation tools and the like. Sole programming wizardry and computer gimmickry, devoid of meaning and content, are frowned upon and discouraged.
Engineers are urged to think creatively, while artists and designers are asked to be focused and pragmatic; both sides having to bring in considerable problem solving as well as problem formulating skills into the enterprise.

Mindmaps

The efficacy of mindmaps in the conception and formulation of creative activity has been historically demonstrated by Roy Ascott, as part of his teaching methodologies of the Groundcourse, the renowned cybernetics based art educational system practiced in England and Canada during the 1960’s. [4]
Students are encouraged to develop collaborative conceptual digital mindmaps as creative strategy and problem formulation tools, as well as tools for creating non-linear, interactive scenarios/roadmaps. These mindmaps contain subjects specific to the planned project such as sketches, inserted as images, problems adhering to a range of subjects from programming to gestalt, workflow and scenario issues, as well as inspirations, references, screenshots of comparable applications. They provide an excellent source of documentation and a platform for the collation of all material generated by both team members.
Implementational phase
During the initial phases of development the mindmaps are brought into class to be discussed by fellow students and faculty. Additions, subtractions and collations are made, culminating in a workable roadmap or groundplan upon which the work commences. 
At this juncture the two team partners start working on individual aspects of the project, the artist/designer focusing on the visual/audial language components, such a 3D modelling, colour schemes, typography, sound and architecture. The engineer starts to develop the project in a programming environment. The close collaboration and the constant exchange of ideas, however, is expected to last during this crucial phase of operations and weekly class reports demonstrating the progression ensure that it is indeed maintained rigorously.
Final review

At the end of the 15 week semester the projects are handed in as fully operational computer applications/environments. Accompanying these is the delivery of a 5 minute long demonstrational video and a 3000 word documentation of the work. Students are expected to provide references as part of this documentation.
3 PROJECTS

The course has been taught twice in as many years and the output has been pleasantly prodigious: There are currently 18 projects that emerged from the teams. “Flyzzz”, a 3D virtual city for flies, “Jinglejungle”, a jungle/soundscape of advertising jingles, “Zoiks”, a three dimensional evolutionary environment for “biot”s are just a few of those that cannot be part of this paper. Thus the following is only a part of what has been achieved.
Project 01: Metamorphosis 
Metamorphosis [5] is a real time interactive virtual environment which aspires to awaken phobic feelings, claustrophobia and entomophobia. 
Thus the statement of the project is as follows:“Our starting point was the concept ‘the other’, and we used insects as the metaphor of the other in that insects evoke feelings of anxiety and disgust. We, human beings tend to see these creatures as mechanical beings which can penetrate into our spaces without us being aware of them. As a result we decided to explore space as the stage for uncontrollable interactions of phobia, claustrophobia and entomophobia . We tried to position ourselves in our work as the ones who are trespassing; that actually there is no “other”, we are part of a constituted world but also constituting. We see our work amidst these concerns of enclosing and setting free the “other” in a shared space. It is a search for openness in the infinite distances and proximities in our identification as the counter to “the other”. In Metamorphosis we represented merging with “the other” via hybrids of human and insect bodies. Consequently the usage of body parts revealed different problematics such as embodiment in a virtual environment. The possibility of feeling immersed into a world where the body is displaced by a camera eye that imitates being physically able of interacting is put up for questioning. For us, this virtual environment expresses our wish to comprehend our bodies as a whole, part of a whole, it is a dream of being a body inside a body.”
In ‘Metamorphosis’ the user is in a surreal space: This womb-like spherical space contains a flower, collision with which causes the environment to shrink irreversibly, giving a progressively heightened sense of claustrophobia. Compounding this are the small egg-like objects embedded into the womb-spheroid. Touching these will cause the hatching of two kinds of insect-human hybrids, called “Fly” and “Mechanical”, that the user is then compelled to share the progressively shrinking space with. “Fly” is constituted of a fly's body and human legs. “Mechanical” is a combination of a mechanical spider’s body with a pile of human  intestines placed  on  the  back. All hatched hybrids follow separate paths that utilise the whole space. Finally, after the required level of shrinkage and when a sufficient quantity of hybrids have been hatched, users will encounter one last character: Appearing in the center of the environment, “Beyaz” is larger in size and totally white, resembling a human, with the sound of human breathing attached to it in order to give users a sense of identification. The aim is that novel perceptions, transmissions and transformations are enabled through emotional interactions, generated by the electronic interaction.

A major technical difficulty was to develop a technique to deform the complete scene, to heighten the sense of claustrophobia around which the project revolved. To do it right and also in real-time, a texture-based approach was designed and implemented. Thus each frame is rendered into the texture buffer with regular perspective projection. This texture image can then be deformed on the graphics card, fragment shader, using 2D image processing techniques and mapped on top of a single rectangular plane. Finally the plane is rendered with the deformed texture into the framebuffer and displayed on screen.
The virtual environment is programmed with C++, using OpenSceneGraph libraries for graphical means and OpenAL libraries for sound effects. Models are prepared in 3dsMax and Maya6.0 editors. Sound files are produced in Sony SoundForge7 and Sonic Foundry AcidPro4. The environment, in its current state is non-immersible. Thus the interaction tools are mouse and keyboard. 
Project 02: The Synaesthetic Generator 
Synaesthesia [6] is a neurological condition in which the person experiences a perception in one sense caused by the stimulation of a completely different sense [7]. For instance, the taste of chocolate may invoke a sense of sharp prickling on the skin, the color red may smell a certain way, a composition of notes may create differently colored spirals before the eyes, or, the most common type, letters and numbers may have their individual colors (colored-hearing/chromesthesia). What separates these conditions from simple metaphor is that they are involuntary, ( if letter f has a certain hue of pink, it will continue to have the exact hue years later) and most important of all, resulting sensations are really felt, rather than imagined. Although the reason of this phenomenon is not yet discovered, research shows that it is probably due to a cross-wiring in the brain between the areas of different senses, such as connections between auditory cortex and visual cortex that should not normally exist.  
However a mild form of synaesthesia seems to exist in the populace at large: In his well known experiment Wolfgang Köhler would  show two drawings, one resembling an inkblot and the other a piece of shattered glass. When asked to associate these shapes with the words “bouba” and “kiki” 98 % of the subjects picked inkblot for booba and shards for kiki.  Köhler's experiment shows that it is possible to make associations between words and shapes; The association is not logical but it is strong, one matches the shattered glass with kiki rather than bouba because it feels “right”.  The Synaesthetics Software is based precisely on this sense of “it feels correct, they fit together” experienced by a non-synaesthetic person upon choosing the inkblot for booba.

The software enables users to generate shapes by entering text. What differentiates this from ordinary random shape generation is that the user has the ability to affect the result by previous choices during the usage of the software. The user is asked to match randomly created shapes with randomly created meaningless words. According to these choices, his/her tendencies in finding similarities between the visual and the textual are analyzed. Upon the subsequent entering of “meaningful” text, the software progresses to generate a shape that would be the “match” of that word or indeed a string of shapes that will match full bodies of texts, such as poems. In the application’s interface these shapes are indeed strung along a path, forming a chain of generative 3D shapes that emulate sentences. Users can export these shapes as Wavefront Object Files to use with common 3D design applications.

T – Block

T – Block [8] is a generative software that outputs a different architectural structure defined by the simple set of rules which are formally known as shape grammars [9]. The project gives users a chance to realize different combinations of simple components and experiment with different styles. 
The ultimate goal is to generate an architecture which contains the basic characteristics of the modernist tradition in architecture such as the simplicity and functionality of forms and allows the designer to not only experiment with this style but also to innovate new forms of styles inspired by modernism. The outcomes are not necessarily applicable to real urban planning, but can have inspirational contributions to an architect’s visual experience. 
For a framework the works of Mies van der Rohe and  Le Corbusier were analysed in their spatial relations, i.e. the use of different components and their juxtapositions. The two specific buildings under investigation were the Barcelona Pavilion [10] and the Villa Savoy [11] where these relations could cleary be seen and learnt from. 
The study of modernist architecture was highly inspiring and helpful for the development of a set of individual shape grammar rules. Initially the idea was to create structures in which no room would be fully enclosed, i.e. the spaces would be formed only by the varying distances between independently standing walls. Consequently constructs would consist of interlocked open sided rectanglular prisms. This initial idea of avoiding full enclosure allowed the team to realise the greater architectural potential that lay behind it, although it has to be said that  some of the architectural constraints that the modernist tradition demanded were relinquished in the process. Thus the project, as it was finally agreed upon, would not have too many modernist ground rules that would restrain its results. Given that it would be a source of inspiration, precision or resemblance to known architecture was not anymore required. Consequently, the results would seem less realistic but more challenging than before. The key point was the avoidance of an excessive number of rules, to which end  the number of different components that would be used by the software was significantly reduced. 

Defining the grammar 
There is an initial finite set of 3d volumes required for the composition of any architecture. These componets were set by analyzing some of the major works of the two architects above. 

Walls and roof: Rectangular prisms, of varying shape and size were used as the basic building blocks of construction, as manifested in Rohe’s Barcelona Pavilion. The rectangular prisms were used to enclose L-shaped spaces that form the infrastructure of the construct. Thus these rectangular prisms serve both as the functional building blocks of the architecture and also as stylistic elements. 

Columns: In the Villa Savoy Le Corbusier uses columns to achieve pilotis, i.e. to elevate the mass from the ground, thus eabling the usage of the space in the infrastructure. In this project the columns are used a lot more spontaneously to evoke new ideas of juxtaposition.  These columns are slim and non-ornamental rectangular prisms, that are devoid of capitals. 
Another basic initial component that also serves as a functional element to build a house are staircases. Thus spiral staircases are implemented into the shape grammar as well. However, in the generative scheme of the project the statisitcal probability of generating stairs is far lower than that of generating new walls or columns, in keeping with the fact that a house which has thirty walls might have only one set of stairs. 

Spatial relations 
The operative idea was to make the interior of the construct available visually as well as physically from the exterior of the  structure. Randomly applying a rule for the ground level either results in the application of pilotis – elavating the mass from the ground level by the usage of columns, as exemplified in the Unite d'Habitation by Le Corbusier; or replacing major parts of the walls with glass as is the case in the Barcelona Pavilion by van der Rohe; or indeed a hybrid of the two approaches, i.e. letting parts of the space be physically available through the usage of columns and parts be only visually available by the usage of glass.
To ensure the increase of generative ability, some constraints were loosened, allowing for the generation of things such as  an upside down pilotis or a random positioning of the roof. In establishing the infrastructure, the columns are used in random spaces and in a random number, not exceeding a certain limit to allow for a free plan and yet sufficient for structural stability. Thus the shape grammar imposes constraints on the positioning of the columns such as the maximum and minimum distance between  two columns and the distance columns to walls. 
The facades are allowed to carry glass within limits. This follows from the fact that the load bearing components of the architecture are hidden inside the structure: As the layout and the infrastructure of the architecture is posited, the grammar generates the horizontal and vertical rectangular prisms that then carry the load. 

User interface

While the actual structural design process is generative and as such random and uncontrollable, the user can intervene before and after the building of the structure. Since, according to the most fundamental premises of modernist architecture and design, the functionality of the architecture is a major issue, users can specify parameters from a set of predefined set of rules. Thus, specific environmental conditions that need to be optimised in the process of generation of the architecture such as lighting and climate conditions, space optimization and sound isolation can be made into preset rules of operation. As an example, the lighting options and the direction of the light source causes the grammar to position windows accordingly. Alternatively space can be optimized for a townhouse, or for a house in the rural area resulting in entirely different generations based upon the same structural parameters.

Once these parameters are specified, the grammar generates random shapes and spaces and a proper configuration of these shapes for an architecture, implementing different tracks of execution according to the different requirements of the users. After the generation of a number of prototypes, a number of them can be chosen/saved and enhanced by adding features that are provided not by the shape grammar itself but by the software, i.e. T-Block. Thus the sizes of individual spaces within the construct may be tweaked or colour and lighting schemes added on.
FUTURE WORK
Into its second year, the course revealed the urgent need for extended faculty and thus 2 instructors, an architect and a sound designer joined the initial team of engineer and graphic designer. However given the scope of some of the student output and appended research, it is obvious that even further extension is called for. Thus, faculty of all disciplines, from Cultural Studies and History to Mechatronics and Telecommunications are solicited to bring in their input, on an advisory level, especially during the inception of the projects, i.e. the “mindmap” phase.
To utilise the findings, experience and output of the course towards the creation of a transdisciplinary graduate program, as well as to integrate the results and findings of the course  into the development of novel art/design and engineering curricula, both graduate and undergraduate, are yet other avenues intended to be pursued rigorously. 
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