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PREFACE

Welcome to GVE’99! Welcome to Coimbral!

Following several Eurographics education workshops held in different European
cities, the Computer Graphics and Visualization Education '99, under the motto
“Charting the Future for Computer Graphics Educatjonill be held in Coimbra,
Portugal, from % to 5" July. Eurographics organized this workshop in cooperation
with ACM SIGGRAPH and with the support of the National Science Foundation.
Computer graphics and visualization education specialists will meet to share their
experiences and their visions and to make projections and
recommendations for the next ten years of computer graphics education.

43 position papers were submitted from 15 countries. The excellent position papers
we received promise a very interesting event. People were invited to participate in the
workshop according to their contributions. Based on the contributions and the
workshop goals, the IPC decided that the workshop should be organised so that
participants spend significative time working in group. Group discussion will be one
of the most important parts in the workshop, addressing different educational issues.
The participants will be free to choose the working groups they are most interested in
or they feel they can best contribute to. The main goal of the few formal presentations
we will have is to give broad overviews and start the discussions.

Considerable time will be spent discussing future directions for computer graphics
and visualization education. The recommendations and predictions from this
workshop will be distributed at both SIGGRAPH99 and Eurographics’99
conferences as part of their joint celebration of SIGGRAPH's 30th
anniversary and Eurographics' 20th anniversary.

Based on the position papers quality, some of them will be selected for revision and
later published in the journal Computers & Graphics.

The workshop co-chairmen would like to thank all the speakers for their valuable
effort in preparing their formal presentations; the participants for their contributions;

the IPC members for the effort in promoting and structuring this event; the GVE’'99

Committee for its continuing and active support during all the preparation phase; and
the workshop organisation committee for its committed and creative effort to make
the GVE’'99 a pleasant workshop.

We welcome you and hope you enjoy GVE’'99.

Coimbra, July 1999.

José Carlos Teixeira, Werner Hansmann, Michael B. McGrath
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Educational Trojan H orses

Mike Bailey
University of California at San Diego

San Diego Supercomputer Center
mjb@sdsc.edu

| have always found that it is difficult to teach _at people. It is very much like throwing a
bucket of water on your plants: you can't be sure how much has soaked in and how much
has evaporated or run off somewhere else. You can't even be sure if water is what they
really need right now.

Rather, | believe it is much more productive to "trick" people into teaching themselves. As
educators, our job is less to throw information at our students than to motivate and excite
them into wanting to reach out and pull in the information.

The question then is how to do this. How do we instil educational motivation in someone so
that it blossoms into intrigue and curiosity? How do we make it strong enough for them to

want to reach out and figure out more? | call this an "Educational Trojan Horse" approach

because you slip some education by the students when their guard is down. After all, the
best education happens when people think they are exploring, not being educated.

| believe that computer graphics is _the_ key element of an Educational Trojan Horse.
Graphics is such a perfect mix of technology and fantasy that it can be used to excite
students as no other medium can. The video game appearance causes students to let down
their guard and allow themselves to be drawn in. The ability to control, design, and simulate
leads them into learning. And, they not only develop their own explanations, they are
motivated to discuss it with each other.

This talk will highlight some key technologies and technology trends that can be used to
create Educational Trojan Horses. It will include 3D graphics, hardware, software, web-
based graphics, digital libraries, and common formats.



Strengthening Visual Skills by Recognising Rendering Algorithms

Rosalee Wolfe
DePaul University
Chicago, Illinois
wolfe@cs.depaul .edu

Abstract

Computer science students contemplating a career in
graphics need to develop a visual sense, but traditional
course topics do not meet thisneed. Visual analysisis
a teaching technique developed for computer science
instructors that helps impart this ability. Through the
use of a few visual cues, students learn to visually
identify surface algorithms, shaders and lighting
techniques. An interactive software package called
TERA (Tool for Exploring Rendering Algorithms)
provides nearly a million image combinations that
students can use to practice their visual identification
skills.

Keywords: algorithm visualisation, computer graphics
education.

1. Background

For a successful career in computer graphics, computer
science majors need to develop a visual sense in
addition to their technical knowledge. Computer
science graduates hired by the graphics industry will
work side-by-side with artists, and it is essentia for
effective communication that they have an appreciation
and enthusiasm for the visual aspects of the field. In
addition to programming skills and knowledge of
operating systems, recent labor market analyses list
“strong visua style sense” and “understanding how
artistic elements work with technical elements” as
desirable traits for programmers and technical directors
[1,2]. An increasing number of graphics houses want
to see ademo red or a portfolio from computer science
graduates who count Unix shell scripting, C++
programming and the mathematical derivation of
NURBS in their skill set.

There are many exemplary resources [3, 4] and
learning tools that allow students to examine aspects of
geometry [5, 6, 7, 8, 9, 10Q], rasterisation [6, 11],
illumination [6, 12, 13, 14] and the entire 3D
rendering pipeline [13]. These present visualisations
that a student can use to explore and study an algorithm
inisolation. Thisis a sound pedagogical approach for
a first introduction, but eventually a student will need
to understand an algorithm’s behavior in co-operation

with other algorithms and in the context of a finished
image.

Unlike other specialities in computer science, the
choice of a graphics algorithm usually cannot be based
solely upon space, speed and implementation
considerations. Equa in importance to time and
memory requirements is the visua effect that a
graphics algorithm produces. In fact, visud
appearance will be the overriding factor for some
applications. Visual understanding is essentia to
developing and debugging new algorithms.  For
example, when writing a shader, a programmer looks at
a rendered sample, analyses how its appearance differs
from the ideal and uses the information thus gained to
refine the shader. An essential aspect to developing a
visua sensibility is the ability to identify and compare
rendering algorithms. Visual knowledge can prepare
students to answer such red-life questions as,
“Algorithm X gives us exactly the effect we want, but
it is prohibitively expensive. Can we get a similar
effect by tweaking our implementation of Algorithm
Y?

Although the graphics industry desires a developed
visual sensibility in new computer science graduates,
there is no place in the traditional curriculum where
students can gain this knowledge. The discipline of
computer science draws on mathematics and
emphasises algorithm study and development, which
are amost entirely text-based and involve little
visualisation. Computer science instructors often view
the prospect of discussing the visual aspects of
computer graphics as a daunting, if not overwhelming
endeavor. Typical reactionsinclude

I’m not an artist! How am | supposed to gain
the requisite background to teach this?

| don't have time for thisin class — | have too
many algorithms to cover asit is.

Both reactions are understandable and justifiable.
Computer science instructors are not artists and their
goa does not include producing artists. Further, there
is an enormous amount of technical knowledge in the
computer graphics discipline, and attempting to decide



what topics belong in an introductory course has been
the topic of many papers. Any approach to the
problem of inculcating a visual sensibility has to be
one that does not take up much lecture time and
congtitutes a teaching method that computer science
instructors are willing to try.  This paper proposes that
visual analysis is one approach that fits these
constraints.

2. Visual Analysis

examining works of art [16]. Studentsin the visual arts
learn to describe and compare works in terms of
design, concept and media.

Instead of design, concept and media, visua analysis
teaches students to recognise a small number of visual
cues, including:

visibility of polygon faces or polygon edges
transition from light to dark on diffuse-reflecting

Visual analysis is a teaching technique developed surfaces
specifically for computer science instructors that
imparts this knowledge [15]. The technique stems from

critical analysis, which establishes a structure for

color and shape of specular highlights
presence of transparency, reflection, refraction,
patterns and textures

1. First, determine the surface algorithm.

3. Determine additional surface interest (both z-buffer and ray tracing)
Image appears to have been pasted or glued onto object.
Object appears to have been carved from a solid substance like stone or
wood.
Object surface appears rough or wrinkled, but its profile is smooth.

4. Light sources
Harsh shadow / lighter shadow.
Sharply defined shadow.
Presence of a penumbra, but degree of shade is constant within penumbra.
Color bleeding; deepening of shadow in corners, under furniture.

Table 1: Visual cues and algorithms
(visual equivalencies omitted).

Appearance Algorithm
Outlined polygons. Object’sfar sidesarevisible. Uninterrupted horizon Wireframe
lines.
Outlined polygons. An object’s far sides are not visible. Occluded objects ~ Hidden-line removal
areinvisible.
Filled-in polygons. Presence of refraction in transparent objects. (Presence  Ray tracing
of reflection, shadows are also helpful)
Filled-in polygons. No refraction, reflection or shadows. Z-buffer
2. Determine the shader.
For Z-buffer
One color per object. Objects appear flat, asif cut from paper. Constant
One color per polygon. Objects now appear to have a shaded contour. Faceted
Smooth transitions from light to dark. Specular highlights follow polygon Gouraud
edges.
Smooth transitions from light to dark. Specular highlights are white, Phong
compact and elliptical. “Shiny plastic” look.
For ray tracing
Opague, colored surface. No highlight. Diffuse
Opaque, colored surface with highlight. Diffuse and Specular
Transparent object that appears to bend light. Transparency
Part of sceneisvisible in the surface of the object. Reflection

2-D texture mapping
3-D texture mapping

Bump mapping

Low/high ambient
Point light
Arealight
Radiosity
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Figure 1: Three visual cues identify four surface algorithms.

sharpness of shadow
interactions between adjacent diffuse reflectors
(color bleeding)

These cues are usualy sufficient to identify arendering
algorithm as Table 1 demonstrates. Informal studies
have shown that both instructors and students find this
list of cues non-threatening and easy to spot in an
image. By learning to observe and describe these
cues, students are able to identify rendering algorithms.

3. Classroom Presentation

In the first lecture, the teacher discusses images
portraying three or four algorithms that produce starkly
different effects. For example, the four surface
algorithms of wireframe, hidden-line, ray tracing and
z-buffer create distinctive effects and can be
distinguished by the use of only three visual cues. See
Figure 1. Each week, the teacher adds more agorithms,
and by the midterm, the class has examined all
commonly used rendering algorithms.  Until the
midterm, the teacher emphasises the characteristic
visual behavior of the algorithms. After the midterm,
the teacher shows how multiple algorithms can achieve
equivalent effects. By the end of the course, students
learn to identify the surface algorithm, shaders and
types of light sources.

While discussing a visual cue, the teacher presents two
or three images that demonstrate it. After explaining
the visual cue, the teacher gives the name of the
algorithm that creates the cue. The teacher then shows
a short series of images and invites students to identify
the visual cues and then suggest a rendering algorithm.
Students should specify the cues first so that they learn
to spot them in the context of an image. Any
premature guesses as to the identity of the rendering
algorithm are met with the response, “Cues first!”.

After the first class meeting, discussions on visua
analysis begin with a short series of images that review
the rendering agorithms from the previous meeting.
Students first name the visual cues and then suggest a
rendering algorithm.

The methodology requires only five minutes of an
hour-long lecture. Such a small amount of time will
not significantly impact the presentation of other
topics, especialy if the teacher covers visual analysis
during the last five minutes, when student focus is
beginning to wander. In fact, there is a way of
presenting this material without using any lecture time
at all, aswill be discussed in the next section.

4. Study Materials

Students need to practice visual analysis outside of the
classroom.  While posting images on the Web or
pointing out examples in textbooks is a start, students
say that they benefit more from the question-and-
answer sessions held at the end of a lecture. Simply
looking at images does not promote active learning.

Having students learn a rendering package helps a bit
because students can choose parameters and view the
resulting images. However it takes a significant
amount of time to learn a package, and since the
students have a priori knowledge of the surface and
shading algorithms, this approach does not provide a
student with a means of self assessment. A better
approach is to provide students with an easy-to-use
interactive tool that can demonstrate any rendering or
shading algorithm while encouraging active learning.

TERA (Tool for Exploring Rendering Algorithms) is
an interactive program that facilitates comparative
study of the visua effects of rendering algorithms [17].
See Figure 2 for an annotated screen dump of TERA.
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Figure 2: A sample TERA session.

A student can choose a scene and select a rendering
algorithm for any object in the scene.  Students can
practice visua analysis using TERA. In “Self Quiz”
mode, students select a scene, and TERA presents it
with each object rendered by a random agorithm.
Students then guess the rendering algorithm for each
object in the scene. TERA responds with “Correct”,
“Try Again” or “Close Enough”.

The “Close Enough” response is for those cases where
multiple algorithms produce similar visua effects. For
instance, Gouraud and Phong shading produce similar
effects when no highlight is present.

Always available is the “Tell me more” button, which
provides specific feedback about a student's last
algorithm selection. When a student is in “Explore’
mode, the “ Tell Me More” button will activate a popup
window describing the relevant visua cues. In “Self
Quiz’ mode, when students get a response of “Close
Enough”, they can click on “Tell Me More” for an
explanation. A pop-up window will list the algorithm
they picked, the actual algorithm and a specific
explanation of why the two algorithms produced
effects that are visually equivalent. For example, if a
flat surface is very evenly lit, then Gouraud shading
may produce variations in shade that are so subtle that
the result looks like constant shading. In this situation,

if a student picks “constant” and receives the “Close
Enough” response, the “Tell Me More” button will
activate a pop-up window containing the relevant
explanation. See Figure 3.

The new version of TERA is capable of creating nearly
a million images for students to analyse. The images
cover surface algorithms, z-buffer shaders, ray tracing
shaders, texture mapping, bump mapping, lighting and
visual equivalencies.

Some teachers do not discuss visual analysis in the
classroom, but give a short demonstration of TERA
and tell students that TERA is available in the lab.
TERA has enough appeal that students are drawn to it,
and they spend enough time with it that they can score
reasonably well on avisua identification test [18].

5. Resaults and Feedback

In my experience, visual analysis adds excitement and
a sense of the “big picture’ to introductory graphics
courses. Students may not be able to implement every
rendering algorithm when they leave the course, but
they will be able to recognise them and know their
names, which provides a starting point for further
investigation.



TSEII‘ Quiz: Seaszhells

Self Quiz

Explore |

Tell Me More

our choice: congtant  Actual: Gouraud

_I The table iz 20 evenly lit that it would be nearly imposzible to see
any changes in shade if they were prezent.

Close Enough

Table

 faceted
" Gouraud
" Phong

Tell Me More |

ISeasheIIs j

Contine

Figure 3: TERA in “Self Quiz” mode.

A visua sensibility, fostered by visua anaysis,
enhances a depth of knowledge of those rendering
algorithms that students do implement. Because they
are aready familiar with the visual behavior of the
algorithm, they have expectations of how an image
should appear and can perform more of their
debugging on their own without outside help. Students
no longer ask, “Is it right?” They state, “There's
something wrong with my highlight.”

A very exciting development is the favorable feedback
from digital artists. This approach promises to help art
students “grasp the differences between light models,
surface algorithms and shaders’ [19]. Further work
includes the exploration of developing the approach to
expand the possibilities of better communication
between digital artists and computer scientists.

(1]

(2]

(3]

[4]
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An Introductory Cou rse on Visualization

Beatriz Sousa Santos
Departamento de Electrénica e Telecomunicacdes, Universidade de Aveiro

Aveiro, Portugal.
bss@inesca.pt

Abstract In the following sections a brief description of the
general contents, bibliography and teaching methods

A Visualization course offered twice (1997/98 andised twice (1997/98 and 98/99) on the introductory
98/99) as an elective in the MSc degree omourse on Visualization will be presented. Some
Electronics and Telecommunications at thedifficulties encountered by the author during the
University of Aveiro is presented. Its contentspreparation and lecturing of this course are also
bibliography and teaching methods are describedidentified.
Some difficulties encountered during the preparation
and lecturing of this course are identified. 2.General Contents

1. Introduction This course was designed to have 36 hours (24
lectures) spread along a semester; some of these

Taking into consideration that Visualization islectures are dedicated to other activities as justified in

becoming very important and useful in many areasection 3. The list of addressed topics, presented

an introductory course on Vizualization seems #&ellow, indicates the duration, focus and specific

valid contribution to the curriculum of any post- bibliographic references (briefly described in section

graduation in science or technology and thus it waé) which have been used.

considered adequate as an elective course of the MSE- Introduction: definitions, history, goals and

in Electronics and Telecommunications offered at the  principles of Visualization (1 lecture)

University of Aveiro. This post-graduation program 2- Overview of Visualization applications (2

includes several courses and a thesis and aims to be a |ectures)

large spectrum degree encompassing mainly one o8- Human Visual System (1 lecture)

four areas of Electrical Engineering (Electronics, 4. vjigyal Representation  of  Quantitative
Telecommunications, Signal Analysis and Processing  |nformation (1 lecture)

and Computer Science); this means that it can gives_
formation either to future consumers or facilitators of
visualization techniques and systems. This is the7_
context where the referred introductory course was
meant to exist; thus its general objective is to .
introduce the students to a new area which evolve and Human Computer Interaction (7 lectures)
rapidly, addressing the fundamental concepts, O~ Data Characteristics (1 lecture)

providing a basic foundation, good enough to allow 9~ Visualization Products (1 lecture) _

and encourage them to apply or proceed work in thd the first lecture, corresponding to topic n.1, a

area. Stating this objective more specifically, thigeneral introduction to the area is made. Besides
course should introduce the students to whdiresenting the definitions and goals of Visualization,

Visualization is and can do, as well as it should mak@ focused approach to visualizing data is presented as

them appreciate its benefits and how current tool@ Means to selegt adequate techniqugs to allow
can be exploited in many application areas; it intendgxplora’qon, analysis and then presentation of data.
to give a consumer's perspective as well as Ihe main references used are the books by Earnshaw
facilitator's perspective. However such a cours@nd Wiseman, and Keller and Keller.

should also serve other more general objective-gh's flr_st lecture is of great importance, it is intended
related to training students to be able to perform th¢ Motivate the students and establish the focus and
kind of work a post-graduated is expected to do; thi?hilosophy” of the course. Two fundamental ideas
involves training them on doing bibliographic are conveyed: a) Visualization is concerned with

research, using adequate working methods arfekploring da_ta_ and informat_ion graphipally_ as a
correct technical communication (i.e. writing andM&ans of gaining understanding and insight into the
speaking). data (not just presentation graphics!) b) how to do

Framework (1 lecture)

Visualization Techniques (4 lectures)
Foundations on the enabling technologies:
Computer Graphics, Digital Image Processing



visualization? There is a need of a methodology fointeraction, is developed in topic n.6. The three main
selecting visualization techniques, however nelements of a visualization technique are described
“recipes” exist. The focused approach described bgccordingly to the model used by Brodlie at al.; a
Keller and Keller in the first section of their text is classification and a notation for visualization
presented. To conclude, a set of images produceechniques introduced by the same authors is used to
from seismic data (also from the book by Keller andsupport the study of a range of techniques, generic in
Keller) is used to illustrate the incremental processature and which can be tailored to different
one may expect while seeking the best way odipplications. These techniques are illustrated through
visualizing data. several examples (extracted also from the references
Topic n.2, is meant to give an idea of the largdy Brown et al., Keller and Keller, among others).
quantity of applications that Visualization finds in aTopic n.7 addresses the main aspects of Computer
great diversity of scientific and engineeringGraphics, Digital Imaging Processing and Human
disciplines. This should make the students aware @omputer Interactions needed to be able to
the importance and usefulness of Visualization, asnderstand the visualization techniques. Addressed
well as allow them to better understand all the othessues are: a 2D S/W package, geometrical
topics of the course. This overview is given throughransformations and projections, specifying a view in
the presentation of a large collection of visualizatior8D, colour, overview of the problems and methods to
images obtained in a variety of disciplines andachieve realism, visibility, illumination and shading,
emphasising the kinds of information revealed rathenistogram operations, filters and image transforms
than the details of the visualization techniques. And general principles for user interface design. The
number of examples extracted from severakéxplanation of these subjects has always in mind its
bibliographic references is used (as the books byse in Visualization and examples including
Brown et al., Keller and Keller, Brodlie et al., Visualization techniques already introduced are used
Earnshaw and Wiseman). as much as possible.

The third topic is concerned with the “human part” ofTopic n.8 is concerned with data. A classification
the visualization process, which is essential. Théhat seems suitable for describing different types of
capabilities and limitations of the human visual andiata identified within the used reference model is
information processing systems are briefly describeghresented. An overview of data formats and data
stressing that they have important implications focompression techniques is also presented; this
design and that users, in spite of sharing commooverview can be supported by the reference on
capabilities and limitations, are individuals with graphics file formats by Brown and Shepard.
differences which should not be ignored. The humaA Visualization system is presented, ideally, as an
visual system is the main subject and the lecture istegrated whole providing means to support the
based on a document prepared by the author whicheaffective exploration of complex data. Topic n.9
included in HyperVis (an on-line tutorial on presents a classification of visualization software and
Visualization) and indicates specific bibliography. a variety of existing software products. The adopted
In Topic n.4, the fact that visualization is not new inclassification is an hybrid between the classification
concept is stressed; most principles that have beeised by Brodlie et al. and the one proposed by
used to produce good maps, scientific drawings arBrown et al.. The software buyer’s guide included in
data plots apply to computer visualization. ThisBrown et al. is used to illustrate the great variety of
lecture is based on the interesting work of E. Tuftexisting commercial products and relevant
(mainly the 1983 text but also the 1990 text, tacharacteristics which need to be considered in the
support colour usage). choice of a S/W product. The study of this subject is
Topic n.5 presents a framework model describingomplemented by demonstrations some of the
Visualization systems in abstract terms; thisstudents have to make on several of these products
framework will be used to present techniques, datéas part of their assignments).

characteristics, products and applications in th&his is the general contents of the curriculum for the
remaining lectures. As an introduction to this topicpresented course as it has been applied on both
models of scientific investigation and visualizationacademic years of 1997/98 and 1998/99. From the
process are presented. This lecture is based on tindtial proposal of this coursgl], the main change
corresponding chapter of the reference by Blodlie atorresponded to a substantial increase on the number
al. of lectures devoted to the enabling disciplines. The
The concept of visualization technique, introduced irauthor had initially planned to spend a lesser amount
the previous topic as the responsible for generatingf time on these subjects since elective courses on
and manipulating a graphic representation from a sétiose subjects (Digital Image Processing, Computer
of data and allowing investigation through userGraphics and Human Computer Interaction) are



currently offered at the Department and it seemedntil now two visits were organised, both related to
reasonable to expect that students taking thEarth Sciences and inside the Campus, one to a
Visualization course would have already somed.aboratory using Remote Sensing data and another
background on those subjects. The fact that none & a Laboratory of Geophysics including some field
the students, in both academic years, had thaemonstration on the acquisition of Ground
background came as a surprise; in fact it seems th&enetrating Radar data. Both visits where guided by
most of the students had made this choice in order tesearchers from those laboratories, showing the
get some formation in those areas. For this reasostudents which kind of work they are involved in and
the author decided to increase substantially thkow they use at the moment, and they would like to
amount of time devoted to enabling technologieshe able to use, visualization techniques and tools.
this option, although controversial from the point ofSome other laboratories exist at the University that
view of a visualization curriculum, appeared to becan be visited in years to come, as in Chemistry and
the most reasonable choice for those studentEnvironment.

possibly allowing them to benefit the most from theThe two lectures by external people that have been
course. organised were concerned with visualization of
The current contents of the course follows, inArchaeological data and Geographical Information
essence, what has been done by the community 8f/stems; however a great variety of other subjects
Visualization educatorg2,3,4. It is expected to might be interesting.

evolve, according to the experience obtained, eachs referred, general objectives of this course include
time it will be taught; however the author expectdraining students on doing bibliographic search, using
evolution to occur mostly in the specific way eachadequate working methods and correct technical
topic is addressed, bibliography, sequence otommunication (i.e. writing and speaking). Since
duration of different topics, rather than on the overalthese objectives are usually easier to achieve when

structure. the evaluation is based on practical assignments and
the expected number of students in elective courses
3. Teaching Methods on this MSc is low, that was the type of evaluation

used in both academic years (the course had 5
As referred, the course is organised in 1h 30migtudents in 1997/98 and 6 in 1998/99).
lectures along a semester, i.e., two lectures a wedkach student has two different assignments, the first
its distribution by the topics is indicated in theconsists in giving an oral presentation af 40
previous section. There are no practical classesjinutes on some subject and the second, a more
students are supposed to perform their assignmenggmanding assignment, consists in a work which in
under supervision of the teacher, but on their owgeneral involves some implementation (either
time and with a high degree of autonomy. Theséeveloping code in some language as C++ or using a
students usually work full time (at the University orvisualization S/W as IDL). Both assignments are
at enterprises), which makes very difficult toproposed by the teacher taking into consideration the
organise working sessions involving all the studentgyrofile of each student (background, interests, etc.);
that is the reason why only 19 lectures are assignéwwever the students are told that they can propose
to the topics, i.e., 5 are left open and are “sacrificedtheir own assignment by presenting an extended
to activities that could, otherwise, be performed irabstract; these proposals may, of course, be rejected.
extra hours. These sessions have been devoted to: On other courses, offered by the author of this work,
« presenting some selected SIGGRAPH videossome interesting proposals have been presented and

with examples of applications (1 lecture) accepted; however, on the Visualization course none
« visiting facilities where people use visualization©f the students decided to do it, until now. .
regularly in their work (1 lecture) The choice of the subjects for the oral presentations

. presenting student's assignments (2 lectures) s Well as for the second assignment is related to the
« lectures by people that use or make visualizatiofurrent mterests of both the teacher and the students
(1 lecture) as well as to interests of other people (from the
University or outside) that ask for collaboration in
some specific visualization tasks. Along these two
academic years the oral presentations have consisted
! from SGGRAPH Video Review Issue 108 - Scientific mamly in S/W demonstrations (Matlab’ IDL, lIris
Visualization 95 which, in spite of having some years, stilEXplorer and OpenGL) or have addressed volume

contains interesting examples; however a more recent isswendering algorithms. Second assignments have been
already exists: IBGRAPH Video Review Issue 124 - SIGGRAPH related to the fo”OWIng interest areas:
97: Visualization Program, that could be interesting.




 visualization of archaeological data from a XVoral presentation). Difficulty in writing is a general
century shipwreck existing in the Aveiro Lagoonproblem of our students, so some extra effort has

« visualization of geophysical data obtained frombeen devoted to it, in this course. During a lecture,
Ground Penetrating Radar the teacher usually stresses the importance of

« visualization of data related to the use ofcommunicating correctly any work and generally
Location-Routing models of obnoxious facilities instructs the students how to do it before they start

« development of an hardware processor fopreparing _their oral presentatio_ns or the_ir_ papers;
volume rendering implemented with FPGAs some bibliography on the subject of writing and

« development of evaluation methodologies forSPeaking is also recommende&]7]. The teacher also
visualizations used in the study of epilepsy an@ncourages studgnts to write in English since it is the
involving data obtained from different ‘lingua franca” in technology. ~The process of
modalities as surface electroencephalograrRféparing the papers is iterative and some of them
(EEG), depth electro-encephalogram (SEEG)peed.as many as 3 or 4 iterations. Since the te_acher
tomography (CAT) or magnetic resonancednd, in some cases, other people also have to invest

imaging (MRI) effort, not only in the supervision but also in
. development of evaluaton methods for'€viewing the paper they become co-authors; when
visualizations obtained using raycasting the final version of a paper is ready it can be

published as an internal note (in the Department’s
Journal), submitted to a conference or not used at all
(accordingly to the nature and quality of the

For the supervision of many of these assignments tﬁgvelorp])ed work andfachie\;ed rfesults). blished
author had the invaluable collaboration of colleague§'™M the 5 papers of 1997/98, four were published as

working in enabling technologies and applicationnternal notes; modified versions of two were
areas. accepted at conferences organised in Portugal and

These assignments consist, in general, of ne will be submitted to another conference. One of

bibliographic research on the subject, a proposal dpe assignments involvgd. porting to a different
what work could be interesting to develop, arPlatiorm an already existing S/W developed by

implementation of part of this work, a small technicaPOMeone \{vho. was far away and no longer working
report and a document written as a scientific papePn the subject; in spite of the fact t_hat the student has
Most students put a lot of work and enthusiasm int8'°“9 enough Wo_rk to _suc_ceed n the_ course, _the
these assignments and supporting them has been vaRf2ined results did not justify their publication. This

interesting, however students typically take long timéS @/ways a risk of this kind of assignments and care

to finish their tasks. In spite of the fact that thisShould be taken to minimise it, however the author

course is not a research oriented course such as &S it i m:possmlt_a 10 gompletel){, eliminate the
one described by Bankg5], many of the possibility of somgthlng going wrong-.
recommendations and difficulties presented by thi(gapers accepted in conferencgs S.hOUId bg pr.esented
author are also applicable; the choice of subjects f y the _students whene.ver it is possible; this
the second assignment, its supervision and finally th%oportuplty shoqld be viewed by students as a
preparation of the paper corresponds to a significan'feWarOI for having done a good work. From the

burden associated to the course; this solution is on!?StitUtion pers_peqtive this shauld be co_nsidered as a
viable for a very small number of,students aluable contribution to the overall quality and good

This type of assignments have resulted veryame of the degree. For this reason it was possible,

stimulating for the more interested students, howev r.‘t” now, to fin(_JI institutional financial support for
for less motivated students it is perh'aps todnis  activity, with the reasonable constraint of
demanding and may result frustrating both for th me'tt'ng. papers only to conferences which imply
student and the teacher. For these reasons, the aut/ff travelling expenses.

is considering the possibility of maintaining this .

second assignment for volunteer students and give: Bibliography

the alternative of an examination for the ones who . o i
are not so committed to visualization. Knowing how to search for and use bibliography is

One of the main difficulties has to do with the@n important part of any course, however at MSc
writing of the “scientific paper”, many students just'eV?| it is fundamental. At .'[hIS Ievel' lectures are
don't like to write (and domt have enough mainly meant to give the basic underlying theory and
experience) and a special attention is needed to tHINt out important issues, not to present them in

part of the work (as well as in the preparation of th&etail; for these reasons a good bibliography is in fact
fundamental, thus a select bibliography is given to

» development of evaluation methods involving
models of Human Visual System



the students and the importance of having thd.1l.General usage of the selected bibliography
capacity of obtaining new and adequate bibliographyhe first bibliographic reference (of the list presented
is stressed. in 4.2) is, as already mentioned, the one that will
Due to the fact that Visualization is a relatively neWprOVide general guidance for the course. The
discipline, no text books seem to be available (Hollowing three references of the same list can also
least in the sense as they exist in other long&je used as support for several topics, as definition
established disciplines as Computer Graphics qind goals of Visualization, overview of visualization
Digital Image Processing). To overcome this type ofpplications, techniques, data characteristics,
difﬁCUlty usuaIIy two alternatives exist: use Several\/isuaﬁzaﬁon products and case studies.

books and papers or write some notes to support theye most interesting reference by Tufte can be used
course. The second alternative, in the view of they support the study of the history and principles of
author, is not interesting at MSc level, the studentgisualization (independently from using computers).
ought to consult several bibliographic referencesthe reference on graphics file formats can be used
however an experienced teacher may write soM@r the overview on the relevant issues to file formats
notes conveying his/her perspective on some of thgnd data compression.

topics. Since the author does not have enoughhe next five references can all be considered as text
experience in lecturing this course, even writinghooks of the so called enabling technologies of
some notes seemed out of the question. Thus tRgsualization: Computer Graphics, Human Computer
book by Brodlie et al. was used as general suppofiteraction and Digital Image Processing; thus they
for the course. As it is stated in its preface: can be used by the students to obtain a background
“ this book proposes a framework through whichon those technologies.

scientific visualization systems may be understoogtinally, the last reference can be used to support the

and their capabilities described. It prOVidESntroduction to the Human Visual System.
overviews of the techniques, data facilities and

human computer interface, that are required in a ) .
scientific visualization system.... the ways in which?-2-List of main bibliography
scientific visualization has been applied to a wide Brodlie, K., L. Carpenter, R. Earnshaw, J. Gallop,
range of applications are reviewed”; and it seemed R. Hubbold, A. Mumford, C. Osland, P.
comprehensive enough to be used as a “guideline”. Quarendon,Scientific Visualization, Techniques
However since it is not a recent and detailed text, and ApplicationsSpringer Verlag, 1992
some other more up to dated or more detailedhis book was written to be a reference guide for the
references were used as support for several topics Misualization community on the technical aspects. A
already mentioned in section Il. Attempting also toframework is described and used to present
provide the students with a bibliography that can béechniques, data characteristics, products and
useful in their future activities, the author selected applications. In spite of not being up to dated in
small set of bibliographic references that covers theertain aspects it still gives a good overview of the
subjects addressed in the lectures. In the nexpain issues that should be addressed in an
sections the general usage of these bibliographiotroductory course on Visualization.
references is described and a commented Brown, J., R. Earnshaw, M. Jern, J. Vince,
bibliography is provided. A list of some other Visualization, Using Computer Graphics to
references which have been useful, for instance to Explore Data and Present Informatiordohn
support practical assignments, is also provided along Wiley, 1995
with brief comments. Provides background on the field of visualization
During the lectures, but mainly during thegiving an overview of design issues, visualization
preparation of their assignments, students ammarket and various visualization products. It
strongly advised to become familiar with otherillustrates a wide variety of real-world applications
possible sources of interesting references such #wough case studies.
journals and conference proceedings as well as the Keller, P., M. Keller, Visual Cues IEEE
different methods of getting them (as in libraries, Computer Society Press, 1993
throughout data bases, Internet). In fact, thdt is intended to people confronted with the problem
University Library provides an information systemof discovering the meaning of their data sets. Using
which allows the remote bibliographic search in itgractical examples from many disciplines, it
databases, other portuguese databases and in serviflastrates visualization techniques, tips and rules of
asINSPEG which students are urged to use for theithumb, that help to produce informative images.
bibliographic research. « Scott Owen, G. et al.,HiperVis-Teaching
Scientific Visualization Using Hypermediéon-



line), ACM SIGGRAPH Education Committee, « Fishler, M., O. Firscheinlntelligence, The Eye,
http://www.education .siggraph.org, 1996 the Brain and the ComputeAddison Wesley,

It is a hypermedia document under development 1987

which addresses the fundamental topics of Scientifidises an integrated approach on human and machine

Visualisation. intelligence, using knowledge from several areas as
e Tufte, E, The Visual Display of Quantitative computer science, cognitive science, linguistics,
Information Graphics Press, 1983 biology anthropology and psychology.

It is concerned with the design of statistical graphics

as well as with how to communicate information43 Other bibli h
through the simultaneous presentation of words, ™" e:'r.| |ogr§p y
numbers and pictures. It reviews the graphic::ﬂbther bibliographic references have been used to
practice in the last two centuries and seeks to accouti{PPOrt either specific topics of the lectures or

for the differences in quality of graphical designs. ~ Practical assignments. These references include
« Brown, C., Graphics File Formats: reference Papers published in journals and proceedings of
guide Manning Publications, Prentice Hall, 1995 conferences as well as books. A list of some of the

It is a comprehensive guide to file formats used if?°°KS (the ones the author considers may be most

computer graphics and related areas (includingSeful to areader of this work) is included.
visualization). It discusses implementation and Tufte, E., Envisioning Information Graphics
design of file formats focusing on the basic issues for Press, 1990 . _
its evaluation and development (as data typedesents a collection of exemplary designs
organization and compression). representing all types of information, widely
« Foley, J., A. van Dam, S. Feiner, J Hughesdistributed in time and space, through which design

Computer Graphics: Principles and Practjc@nd excellence in complex data representation is
ed. 1990 identified and explained. Includes an interesting
This is considered the standard reference ifin@Pter on how to use colour.
Computer Graphics. It deals with the fundamental Eamshaw, R., N. Wisemanin Introductory
topics of this area in adequate depth, as well as with Guide to Scientific  Visualization Springer

many others. Verla_tg, 1992 . , .
« Watt, A, F. Policarpo,The Computer Image A book intended for readers new in the field, gives a

Addison Wesley, 1998 quick summary of what Scientific Visualization is

An updated coverage of subjects from the three field@1d can do. Cr?” be indicated as an easy to read
of computer imagery which have previously onlyntroduction to the subject. _
appeared in separate texts from Computer Graphics, 1ravis, D.,Effective Color Displays: Theory and

Image Processing and Computer Vision in a coherent Practice Academic Press, 1991
overview. Addresses perception, displays and colour models.

«  Shneiderman, B.Designing the User Interface- Provides practical guidelines to the effective use of

Strategies for Effective Human Computercc"our' without disregarding theoretical foundation.

Interaction 3° ed. Addison Wesley, 1998 It is a useful text for designers wanting to use colour.
Provides a complete and current introduction to usér Kaufman, A, dRecent Trends in  Volume
interface design. It offers practical techniques and Visualization 2™ |EEE EMBS International
guidelines taking also great care to discuss Summer School, June 1996, Berder Island,

underlying issues and to support conclusion with France, 1996 o :
empirical results. Provides a survey of volume visualization and its

« Dix, A., J. Finlay, G. Abowd, B. RusseMuman trends with a focus on biomedical applications.

Computer Interaction?™ ed., Prentice Hall, 1998 * Rosenblum, L., R. Earnshaw, J. Encarnagéo, H.
It is a text book in its area, providing a Hagen, A. Kaufman, Sklinenko, G. Nielson, F.
multidisciplinary perspective of the subject. It covers P0st.  D. Thalman, Scientific Visualization
the basic psychology and computer technology Advances and ChallengeslEEE Computer

involved and the interface between them, as well as Society, Academic Press, 1994 _
usability and more advanced topics. Demonstrates  techniques, examines diverse

. Gonzalez, R. C., R. E. WoodRigital Image application areas and addresses relevant issues in
ProcessingAddison Wesley, 1992 Scientific Visualization. .
It is commonly used as a text book in its area; it CGrinstein, G., H. Levkowitz (eds.perceptual

covers the fundamental concepts and methodologies !SSues in VisualizatigrSpringer Verlag, 1995
for Digital Image Processing. Addresses issues in the field of applied perception,

provides a portrayal of the problems that can be



addressed towards increasing the effectiveness dtiration of different topics, rather than on its overall

information displays.

« Lichenbelt, B., R. Crane, S. Naqg¥ntroduction
to Volume RenderindPrentice Hall, 1998

Provides an introduction to volume rendering
concepts and presents an organised logicdll]
progression through the volume rendering pipeline; it
also contains a CD-ROM with source code which
results very useful for practical assignments in the
subject.

e Murray, J., W. VanRyper,Encyclopedia of [2]
Graphics File FormatsO’Reilly Associates, Inc.,
1994

Provides detailed technical information on nearly 100

file formats; it also includes chapters on graphics and

file format basics. [3]

5. Conclusions

Offering this course has not been an easy task for the
author, which have encountered several difficulties[4]
she hopes this work may give a positive contribution
to whom it may be interested in preparing a course
on visualization. (5]
Perhaps the first and main difficulty encountered in
the preparation of the course is related to the lack of
text books offering comprehensive approaches to the
field; this implies not only a great effort in searching[6]
for adequate bibliography but also (and perhaps more
important) a great effort of organisation and
systemisation of the topics to address. This probledY]
can be tackled with the (direct or indirect) help of
other more experienced educators and working-
groups in the area which publish papers, organise
workshops and maintain on-line sites containing
useful information (asSIGGRAPH EUROGRAPHICS
AGOCG). After the initial effort of putting together a

structure.
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Abstract adjustments in the undergraduate program syllabi.
Second, the new department needed to assess in detalil

This paper addresses the restructuring of theand demonstrate its requirements in terms of teaching
undergraduate and graduate programs in Compute(staff. Finally, the revision was necessary because of the
Graphics, Visualisation and Multimedia that was continued changes in Information Technology.
recently carried out at Instituto Superior Técnico. The . . i
paper details the rationale for the changes in bothAt the same time this dynamic process had
curricula and course content and describes the newmPplications in the graduate curricula. The result was

structure. The result is a coherent and complete serigd!® decision to create a new autonomous M.Sc.
JQrogram addressing the needs of graduate student in

degrees in Informatics Engineering. It further ;hriasémentmc area of the new department and related

discusses the structure of the basic course on

Compu'ger Graph|cs. within this context _and QrawsBy and large, this constituted a unique opportunity to
conclusions to Cof‘”'b“te. to the ongoing d'scus.s'on.or%lddress all these matters from a global perspective.
Computer Graphics, Visualisation and Multimedia |nstead of taking the classical approach and address
curricula. _ ~ undergraduate and graduate levels separately, this was
Keywords: course curricula, Computer Graphics, the time when the two programs could be changed
multimedia, undergraduate programs, graduatetogether to make the graduate program the logical
programs. sequence of the undergraduate program.

1. Introduction The outcome was the adoption of a model currently
adopted in other universities, notably in the United
The Informatics and Computer Science undergraduat8tates. This model allows undergraduate students
program at Instituto Superior Técnico (IST) started inintending to continue their studies through the graduate
the academic year of 1989/90 under the aegis of thrggrogram to take advanced courses from the M.Sc.
departments, Electrical Engineering, Mathematics angirogram while in their senior year. This concept
Mechanical Engineering, which shared the co-became the Integrated M.Sc. Program.
ordination of the new degree program. Roughly at the
same time the M.Sc. program in Electrical EngineeringAfter restructuring the undergraduate program, all
and Computers offered a specialisation in Computingscientific areas in the Department of Informatics
Courses on Computer Graphics were taught within thé&ngineering were asked to set-up their particular
undergraduate and graduate programs. graduate (M.Sc.) curricula. Later on, the integrated
undergraduate-graduate scenario was finally revised
This scenario lasted until 1998 when IST decided t@nd approved. In this process the Computer Graphics
create a new department, the Department ofind Multimedia professors of DEI took the opportunity
Informatics Engineering (DEI). The decision was takento assess and reprogram all courses within their
given the need for better co-ordination of theresponsibility.
undergraduate program which had come of age and the
number of teaching staff and undergraduate studeniBhis paper reports the results of that work. Section 2
involved. The new department was officially lists the objectives set at the beginning while section 3
established September 1st, 1998. presents the rationale and describes the new program
structure for the area of Computer Graphics and
DEI's creation started a new and extremely dynamidultimedia. Section 4 addresses in detail one of the
process. The novel Department’s professors engaged basic components of the program, the Computer
an overall revision of the department's teachingGraphics course. The final section presents some
activities with three purposes in mind. First, previousremarks and general conclusions.
experience had shown an effective need for



2. Objectives 3.1.Rationale

This following addresses the general guidelines for the
In Portugal, as in most other countries, the supply ohew program organisation. We will discuss the
information engineering professionals has not keptequirements at undergraduate level before moving on
pace with job market needs. Besides the hiring frenzyo the graduate program in Interactive Systems and
driven by the arrival of the Euro and Y2K endeavours,Multimedia.
many new Portuguese companies have been created in
recent years, with some of them involved inAll undergraduate students must become familiar with
international activities such as ParaRede and EasySothe basic principles of Computer Graphics. These
to name a few. This shows clearly that there is a neeghinimum requirements comprehend both two-, three-
for new and highly qualified professionals at all levels.dimensional, surface and hierarchic modelling and use
Furthermore, the continuous development ofof colour. Furthermore, most undergraduate students
information related technologies, of which the WWW will take courses on Computer Aided Design and
is a good example, requires professional skills thaHuman-Computer Interaction. These complete the
were not taught a few years back. Furthermoreknowledge requirements at the undergraduate level and
currently employed professionals are required toare the basis for graduate level studies. Any student
continuous update their qualifications in order to be orapplying to the master’s program must have the above
par with technological development. basic Computer Graphics background. If not, they will
have to complete it before moving to the master
Therefore, the first goal of the new curricular structureprogram by taking the missing courses.
was to produce an undergraduate program that would
satisfy the above needs. The second goal was to creagd¢udents at the end of the fourth year of graduation
a specialisation area in Interactive Systems anehay elect to proceed directly to the master’'s program.
Multimedia suited to the needs of future professionalsinstead of moving on to the fifth and final year of the
Another important goal was to set the groundwork forundergraduate degree, they can take advanced courses
a doctoral program in Interactive Systems andfrom the master's program first year.
Multimedia.
The master’'s curriculum in Interactive Systems and
Since the topics to cover are interrelated, we decided tvlultimedia includes courses from two major areas,
develop an integrated approach spanning boti€omputer Graphics and Information Systems. Students
undergraduate and graduate programs, in order to:  intending to specialise on the design, implementation
and use of Computer Graphics Systems opt for a major
» offer students a coherent global program inon Computer Graphics and a minor on Information
Computer Graphics, Visualisation, Multimedia Systems. Conversely, students whose interest lies on
and Interactive Systems. Interactive Systems can opt for a major in Information
+ establish a complete and logical sequence o8ystems and a minor in Computer Graphics.
subjects and courses extending from early
undergraduate to advanced graduate studies. Students earn credits from courses in these two areas.
+ allow students intending to obtain a M.Sc. Each major begins with a fundamental course offered
degree to proceed smoothly and quickly toduring the first semester of graduate studies. After that
graduate studies by shortening the intermediatatudents must take at least four courses in their major
steps required. area. Of these four courses, two intermediate curses on
« empower students not intending to pursuethe second semester are required studies for the two
graduate studies to achieve a high degree ofdvanced courses on the third semester.

proficiency.
* enable students from other undergraduateA master's thesis to be done during the second year
programs to enrol in our graduate program. completes the graduate master program. The thesis

must be supervised by a professor of DEI's Computer
3. The M.Sc. Program in Interactive Systems Graphics & Multimedia scientific area.
and Multimedia _ L :
Students choosing a major in Computer Graphics
This section presents the Master's program iystems must take the Three-dimensional Modelling

Interactive Systems and Multimedia, its guidelines andnd Visualisation course in the first. semester. During

structure, together with the outline of each course’d€ second semester, students will take two more

syllabus. specialised courses, one on Visualisation and the other
on Modelling.



Students choosing a major in Interactive Systems mustbjects. The curriculum also addresses visualisation
take the course on Human-Computer Interaction in théechniques to cope with specific requirements like
first semester. These students will then have to take thgames. This course is project oriented.

two more specialised courses on Hypermedia and

Intelligent Interfaces in the second semester. Course Designation Type Yr. Sem.
In the third semester, students can choose two coursp&2MPuter Graphics G 2l 2
from the five advanced courses available. These afeComputational Graphics Methods G b 1
Visual Languages, Virtual Reality, Scientific [ 535 Modelling and Visualisation L 5 1
Visualisation, Geographic Information Systems an
Advanced Topics on Computer Graphics and Human-Computer Interfaces L 4 1
Multimedia. Intelligent Interfaces M 2

Hypermedia M 2
3.2.Program Structure Graphical Modelling Complements| M 2
The courses in the new structure were classified intp\;q qjisation Complements M 2
four categories: G, L, M and A. _

Visual Languages A 2
G courses are typical undergraduate courses andvirtual Reality A 3
constitute pre-requisites for enrolling into the maste Scientific Visualisation A 3
program. The Computer Graphics course is part of th . .
Informatics and Computer Science undergraduate Graphical Information Systems A 3
program. Other related undergraduate programs hayeagy. Topics in CG and Multimedia| A 3
the option for the Computational Graphics Methods

course, which is a version of the Computer Graphicq_ ble 1. Und duat d duat
course adapted to such other undergraduate programs.a e L. Jndergraduate and graduate courses
L courses are offered both as part of the undergraduaféc0rding to type, curricular semester and year.

program, and of the first semester of the graduate ) .
master program The course orHuman Computer Interaction (first

semester) is intended to teach students how to create

M courses take place in the second semester and #8d evaluate user interfaces. To achieve these goals,
typical master program courses. Completion of theftudents learn the concepts of Human Factors
corresponding L courses is necessary to take any NfFognitive and motor-sensorial), and Usability and how

type course. M courses are pre-requisites for all A typ&® use and apply different software methodologies and
courses. tools for interface creation. This course is project

oriented.

Type A courses are final master's program courses

addressing advanced topics and take place during tHg'® Second semester courselotelligent Interfaces
third semester. explores new paradigms in user interaction that will

replace present-day approaches based on direct

Figure 1 presents a diagram showing the courses affganipulation and the desktop metaphor. The course
their pre-requisites. Table 1 lists the undergraduate arf§SCusses multimedia input analysis; recognition of

graduate courses according to type, curricular semestéP€ech, gestures, gaze and calligraphic sketches;
and year. synergetic combination of multiple interaction

modalities; the architecture and construction of novel

user interfaces; presentation of multimedia
3.3.Syllabi information; agent-based interfaces and natural
This section presents the abridged syllabi of thdanguage.
courses listed above. Tl@omputer Graphics course
is presented in more detail in the next section. Thdhe course orGraphical Modelling Complements
reason for this is the fact that this course is thecourse (¥ semester) addresses a large set of topics
introductory fundamental course for the whole area ofelated to the design and implementation of generic
Computer Graphics and, therefore, deserves specigkeometric algorithms in both 2D and 3D. Starting with
attention. a comparative study of several solutions to some

classical and elementary geometric problems, it then
The first semester course ofhree-dimensional progresses to the description of more complex
Modelling and Visualisation aims at teaching geometric modelling techniques. The course then
students how to create and use different 3Dpresents suggestions for the application of those results
representation models, model scenes and animate solving practical problems in different domains such



as yirtual Reality, Computer Aided Design, Computer
Vision, Robotics, etc. 4. The Basic Course: Computer Graphics

The second semester course Misualisation  The Computer Graphics course is the entry point to
Complements is an exposition of state of the art the Computer Graphics world to most students enrolled
techniques in 3D rendering such as antialiasing theoryn  the Informatics and Computer  Science
texture mapping, ray-tracing advanced strategiesyndergraduate program. For this reason, this paper
radiosity methods or volume rendering. The motivationaddresses it in more detail in the following.
of this course is to explain the many techniques that
have evolved, with sufficient theoretical rigour and inNote that the Computational Graphics Methods
enough detail to enable their use in a project ortourse, that is offered at IST to students enrolled in the
realistic image synthesis. Electronics and Computer Engineering and Applied
) ] Mathematics undergraduate programs, runs parallel to
In the third semester, the course\tisual Languages  the Computer Graphics course and addresses roughly
focuses on a class of formal languages based on thge same subjects. However, it follows a more
non-linear organisation of information. The relevanceiraditional pedagogical approach with adaptations to

of such languages is reflected on the proliferation othose programs and in line with those programs' nature.
systems such as spreadsheets, CAD and GIS systems,

which structure information in an essentially visual o o

manner. The course establishes the connection arftil.Objectives and Guidelines

contrasts visual to conventional formal languagesThe Computer Graphics course is the basic course at

balancing a discussion of theory with the study ofundergraduate level in its scientific area. After this

practical applications. course, students are expected to understand and apply
the fundamentals and algorithms in Computer

The objective of the third semesteirtual Reality Graphics.

course is to provide a comprehensive technical review

of the engineering details underlying the developmenAt the same time, this course plays the very important

of virtual environment displays. Students should notrole of attracting students to the area of Computer

only become familiar with concepts like immersion Graphics. Students are familiar with the latest advances

and stereo rendering but also understand existingn the area since they have most certainly experienced

virtual reality systems and their associatedit in computer games and while browsing the World

technologies. Special focus is given to the WebWide Web (e.g., VRML). Moreover, what used to be

visualisation. Students will then explore this topic expensive hardware and heavy applications can be

through a project where they must apply VRML andfound today in multimedia PCs at a low cost. Most

Java technologies. basic algorithms come already embedded in low cost
hardware.

The advanced course &tientific Visualisation (third

semester) addresses the architectural solutions found Ffrom the above, it is evident that the traditional

such systems and the means and ways of achievingedagogical approach to a basic course in Computer

realistic scientific data visualisation applied by bothGraphics is no longer on par with the today's reality

traditional and immersive visualisation systems,and can be a negative factor in keeping students

including real-time visualisation and user interaction.interested in the subject. This is why we decided to

This course is project oriented. follow a different pedagogical approach that looks at
Computer Graphics from a global structured

In third semester advanced course @Geographic  perspective using today's typical applications and then

Information Systemsthe students will apply previous proceed to more detailed levels.

knowledge on Organisation Models, Information

Systems, Interactive Systems and Computer Graph'CAfZ.Course Contents

to study not only the technology (information access, ' ) . )

organisations. Case studies will be used. previously said we propose to develop the course
curriculum of the introductory Computer Graphics

The third semester advanced course Agvanced course as in the following course outline (the numbers
Topics on Computer Graphics & Multimedia in parentheses indicate the number of classes dedicated

program will be defined each year and will include thet0 €ach subject).
latest scientific subjects in the field.



1. Introduction and General Concepts [2]

2. Geometric Transformations [3] 5. Conclusion and Final Notes

3. 3D Visualisation [7
3.1. Projections and the Rendering Pipeline This paper presented the new program structure in
3.2. Geometric Modelling and Object Hierarchy =~ Computer Graphics and Multimedia of the integrated
3.3. Visualisation Algorithms undergraduate and graduate (M.Sc.) programs in
3.4. Clipping, Scan Conversion, Hidden Line Informatics and Computer Science at Instituto Superior

and Surface Removal Técnico, Technical University of Lisbon. We

4. Parametric Surfaces [2] addressed the aims of the novel integrated program and
4.1. Representation described the curricula of both programs' courses,
4.2. Tessellation paying special attention to the introductory course in

5. Colour models, halftoning, reproduction [2] Computer Graphics.

6. Shading and Illlumination [2]

7. Ray-Tracing and Radiosity [2] The new curricula are the outcome of collaboration

8. Animation [2] work carried out by the professors of the DEl's

Computer Graphics and Multimedia scientific area and
We will use the classic textbook "Computer Graphicsollow the experience gained by similar initiatives
and Applications” by Foley et. al[l]. This already in place in other countries, especially in the
comprehensive  classical textbook has beerUnited States. In our view, the program and curricula
traditionally used at IST although it leaves much to beroposed here constitute a well balanced and
desired from the pedagogical point of view. We arecomprehensive set, covering both the fundamentals and
currently looking for alternatives. advanced topics in this scientific area in a progressive

manner. Furthermore, the advanced topics proposed are
4.3.0ther Features of the Curriculum well in line with current research trends in our field.
The practical pragmatic aspects of programming an¢the proposed program is also clearly in tune with
algorithm implementation are relegated to the Weekl)fnodern requirements for Competent Computer
laboratory and practice classes (two hours per week}raphics professionals at both undergraduate and
instead of recitation sessions. graduate (M.Sc.) levels. Moreover, the program

o . ) ensures a smooth transition from undergraduate to
The study and description of 2D windowing systemsgraduate level with minimum delay.

and raster primitive operations, already reduced in

previous editions of the course, disappears aghe program will be set in place at the beginning of the

autonomous curriculum item. The discussion of tw0-1999/2000 academic year and is expected to be in full
dimensional primitives appears at its logical place ingperation by the year 2001.

the discussion of the visualisation pipeline, i.e., after
the discussion of the scan-line algorithm conversion. References

We introduce students to modelling languages such
VRML to construct a fairly complex scene as their firs
assignment. The second laboratory project focuses on
the study, implementation and experimentation of
three-dimensional visualisation algorithms, building on
the enthusiasm students traditionally vow to such
activities.

taﬁ] J. D. Foley, A. van Dam, S. K. Feiner, J. F.

Hughes,Computer Graphics, Principles and
Practice 2". Edition, Addison-Wesley,
1990.
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Figure 1. Course diagram showing course dependencies.
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Abstract 1.1.Graphics Technology, Students, and Course
Introductory computer graphics courses are Curncule in the "Early Adopters IEra
changing their focus and learing environments.From the 1970's through early 1980's computer
Improvements in hardware and software technologydr@Phics —courses —existed primarily —at large
coupled with changes in preparation, interest, anguniversities. Computer Science education was still in
abilities of incoming students are driving the needits infancy and courses in co_mputer graphics were
for curriculum change. Past courses focussed of@re. They were usually specialty courses at a few
low- and intermediate-level rendering principles, Schools that could afford expensive graphics
algorithms, and software development tools. Many offardware, usually funded by government research
these algorithms have migrated into hardware_ drants. During that time the_ curriculum emphasis
Though important knowledge for advanced graphicdVas on recent developments in research that had_ not
programmers, most graphics applications yet entered the public domain or commeruel
programmers have no need to study at this levelSoftware worlds. Research focussed on developing
much as application programmers have no need t&'€W techniques, more _fu_ncnonahty, and algorithms
study hardware systems or assembly levefhat performed more efficiently.
programming. Courses need to focus on ) . .
intermediate- and high-level principles, algorithms, Courses taught during thle era assumed the following
and tools. A fundamental need in modern graphic&Pout students and graphics systems: .
curricula is integration of a 3D graphics APl into * Students were highly motivated technologists
the instruction. This paper presents experiences With advanced science and mathematics
teaching this focus with both low and high level ~ Preparation (computer science, mathematics,
graphics programming API's. The experienvese and engineering majors), . .
gained in courses at an undergraduate university’ ~Most students had little or no experience with
and in multi-day industrial courses for experienced  the new field of 2D and 3D graphics,
professional programmers. e students should learn all the fundamental
Keywords: computer graphics, curriculum. principles, algorithms, and techniques that

researchers had recently developed,

1. The Changes in Directions of e graphics hardware devices were not widely
Introductory Computer Graphics available, and they depended upon special
Courses purpose software interfaces.

The curriculum of courses for the study of computer! N€ curriculum of courses during the pioneer days

graphics has changed and continues to change [gflected these assumptions. Typical topics included:
response to technology and student needs. We first
review graphics technology, students, and curricula;
as related to computer graphics instruction during the

an overview of graphics technology and
applications,

three stages of acceptance of a new technology
(ignoring the outlier stages): that of the "Early
Adopters", that of "Early Majority", and that of "Late
Majority"[ 1]. Next a set of principles and goals for a *
new curriculum for introductory computer courses is
presented. We follow this with examples of practical
experience in teaching such a course at a polytechnic
state university and in multi-day short courses for
practising professionals.

introduction to low level graphics hardware:

CRT's, input devices, processors, peripheral

devices,

algorithms for performing basic rendering

pipeline operations:

¢ line and circle drawing (e.g., Bresenham's
Algorithm),

¢ line and polygon clipping,



« matrix transformations (primarily for 3D hardware device operation) were unfamiliar to them,
viewing, though also for modeling), and had to be covered in course curricula. More
» lighting and shading algorithms, and students had some familiarity with using 2D (and

« image generation algorithms (polygon scansome 3D) graphics in video games.
conversion, visible surface computation, Z- _ _
buffer) Although graphics software was more standardized,
« introduction to 3D modeling: parametric curve educators and textbook authors were wary of

and surface generation, some procedurafé@ching students the "API du jour". They avoided
techniques, teaching standards that were likely to be soon out of

. software technology for interfacing graphics date. Instead, most courseware developers designed

processors and displays to mini-computers andheir own generic, "standard-like" software packages

mainframes using locally developed (one-of-a-to use in accompaniment with a particular text or
kind), or proprietary commercial, software graphics hardware system. It was also common for a

function libraries. university or individual instructor to write his or her
own graphics package (often publicly shared with

Most graphics textbooks used during this ergother universities via anonymous ftp in' the pre-
reflected these assumptions. University coursedVWW days). Unfortunately, these "teaching API's

followed these assumptions and covered topics wit}{/ér€ often minimal sets of functions. They were
the same emphasis as stressed in popular textbooi&!fficient for leaming the principals of graphics

During this era there was also somewhat of arsoftware development, but were not representative of
elitism. Only computer scientist-technologists with '¢al-world, industrial-strength packages. And, of
advanced university degrees were capable ofourse, knowledge of them was not portable to

developing (or even using) complex graphics displaypnother school or to a job. However, since most
programs. student assignments were small, one-shot programs

and never lived long enough to get to the
maintenance phase of their life cycle, use of a "toy"
1.2.Graphics Technology, Students, and Course  AP| was acceptable. That met the goal of providing
Curricula in the "Early Majority” Era the necessary learning experience. Of course, after
By the early 1980's, graphics technology becamgraduation, the employers of these students had to
lower priced and more widely available. Graphicstrain them to use "real world" graphics software
workstations, such as those made by Evans anslystems.
Sutherland, SGI and other vendors, provided high-
powered processors for those schools able to afforth response to the availability of and interest in
them. Graphics peripheral processors (e.g., the AE@raphics technology, many computer science
512) and early versions of PC graphics systems alsgepartments adopted graphics as a part of their
became available at somewhat more reasonableurriculum. The ACM Curriculum '912] specified a
prices. graphics course as a technical elective. The use and
development of graphics applications had now
Early attempts at graphics software standardizatiomecome accessible to any computer, math,
occurred during this era. Some APIl's were shorengineering, or science student who enrolled in a
lived or never widely used (e.g., the "original" university graphics course.
graphics standard, CORE), or were extended and
revised as new needs and features evolved (e.g,, .
GKS to GKS-3D, PHIGS to PHIGS+). Such movi(ngg'['3'Graph'CS. Technology, Students, and Course
targets were not very successful at becoming widel Curricula in the “Late Majority” Era

adopted. Proprietary graphics software package urrent, late 1990's graphics hardware is orders of
dominated the industry. magnitude faster and cheaper, and it is much more

robust and fully functioned, than earlier technology.
Students during this era were somewhat similar tg € Prevalence of personal computers with low cost,
those of the earlier era. However, the popularity oftigh-performance 3D graphics accelerators, is the
computer science as a career attracted many mof®minant technology. Howe_ver, extreme increases in
students from more educationally diverse performance to_ price ratios have occurred for
backgrounds. Many graphics students during this erRroducts at all pricing levels.
had weaker math and science knowledge than earlier )
students. Fundamental topic areas of graphicEurthermore, graphics hardware technology has
(geometry, physics of color and lighting, graphicseVOIVed to a state where rendering algorithms are



specialized for high performance. Certain aspects of students) enter a first course in computer
geometry representation, lighting and shading, and graphics with significant prior exposure to
interaction handling are primarily implemented graphics concepts, such as lighting, perspective,
within restricted preconditions rather than general and 3D viewing and navigation. Many students
purpose ones. For example, most modern graphics have had significant programming experience,
rendering hardware either requires all geometry to be  and it is not uncommon for them to have already
represented using triangles only or else is tuned for  written 2D and 3D graphics programs.

highest performance using triangles. Also, some&. Although most students come to school with

current 3D graphics hardware systems implement the greater computer skills and graphics experiences

entire OpenGL rendering pipeline in hardware. than their predecessors, on the other hand, many
arrive with greater handicaps. Even among

Nearly as great an increase in performance and engineering and computer science students, their

functionality has occurred for graphics software. The = mathematical, problem solving, and logical

most significant aspect of software evolution has  reasoning skills appear weaker than in prior
been the emergence and acceptance of standardized years.

graphics software APIl's (Application Programmer

Interfaces). Today there are several standard 3In the opinion of these authors, contemporary

graphics API's used in industry. The three leadingcurricula of most university level graphics courses

nearly universally used "low level" APIl's are and textbooks do not appropriately emphasize the

OpenGL (evolved from SGl's proprietary GL and most critical aspects of graphics hardware

now available on nearly all platforms), Microsoft's technology, nor have they appropriately adapted to

Direct3D (Windows platforms), and Apple's the backgrounds of their students.

QuickDraw 3D (Apple platforms). There are also

many high level 3D API's, though currently there islt is no longer necessary to introduce today's students

not the dominance by one or two as there is at th& such topics as a pixel, a bit-mapped image, a color

low level. palette, or basic RGB color systems. For many, even
more advanced topics such as 3D viewing, 3D

In addition to graphics API's there are four othernavigation, and texture mapping are familiar. Avid,

significant factors in graphics software development:even casual, web-surfers or PC gamers of today are

familiar with using these terms and features.

1. Powerful, low <cost IDEs (Integrated
Development Environments) for rapid and easyMany fundamental algorithms and procedures of
code development and debugging. For examplegraphics are no longer relevant, even though they are
Microsoft and Imprise (formerly Borland) pedagogically valuable. For example, Bresenham's
products. line and circle algorithm and the polygon scan

2. Extensive libraries of general purpose supporiconversion algorithm are not relevant. Such
functions that provide higher level graphics operations are done in very low level hardware (e.g.,
capabilities and simplified GUI development, microcode or ASIC's) and even there, traditional
most of which are either free or very reasonablyalgorithms are not always used. Clipping operations
priced. For example: GLUT (GL Utility are also buried deep within the hardware. Cohen-
Library), MFC (Microsoft Foundation Classes). Sutherland line clipping and re-entrant polygon

3. A number of powerful software packages for clipping algorithms are good intellectual exercises
high level, application independent developmentfor today's students, but have less relevance to
such as ray tracing and animation systemselping them learn useful graphics software
(many of which are public domain). For development techniques.
example: POV Ray.

4. The World Wide Web and its wealth of free andNow that small set of graphics API's are nearly
instantly accessible demos, software tools, dataniversally used (and also becoming more similar),
sets, and human resources (via emailstudents should learn to apply the fundamental
newsgroups, and chat sessions). principles of graphics within these environments, not

within make-believe, "toy" software environments.

Graphics students of today are quite different fromA few recent textbooks integrate modern API's, and

those in earlier years. Some characteristics are: one of them 3] has been adopted by a number of

universities. However, to our knowledge no

1. Most technical university students (i.e., textbooks fully meet the criteria of presenting
computer science, engineering, math, or science



graphics technology in the context of today's ways various algorithms present light and
hardware and software systems. surfaces visually.

e Computer graphics has matured to a state in
Regardless of criticisms of graphics education  which there are a small number of high-level
weaknesses, the accessibility and usability of  API's that support all the fundamental concepts
computer graphics technology today is truly needed for early work. Courses should be built
phenomenal. No longer are those who study and use upon this kind of high-level approach.
graphics members of an elite club. Nor are they  Computer graphics should be interactive.

restricted to university engineering and science  Courses should include interactive projects and
students. We now have experienced the cover event-driven programming.
"democratization” of computer graphics.

3. Experiences in Teaching Introductory

2. New Models for Introductory Graphics Graphics Courses
Courses: SIGCSE and SIGGRAPH
Panels One co-author has taught undergraduate university

graphics courses from 1984-1988 at the Univ. of
In response to the need for modernizing the curricul&alif., Santa Cruz, and from 1995 to present at
of graphics instruction, a panel at the recent ACMCalifornia Polytechnic State University (Cal Poly).
SIGCSE (Assoc. for Computing Machinery, SIG The syllabus and topics emphasis of courses has
Computer Science Education) Technical Symposiunshifted significantly.
[4] chaired by one of this paper's co-authors,
discussed and presented a proposal for contemporafhe original syllabi were similar to that of the "Early
computer graphics curricula. In addition to the panelMajority" era model, based upon the same
a Birds-of-the-Feather session co-sponsored by thassumptions about available graphics technology and
SIGGRAPH Education Comm. at the samestudents as stated above. The topic focus was on
conference held discussions following the panel. Afundamentals (hardware devices, geometry, viewing,
similar panel with three of the four same panelistdighting, and shading) and algorithms for
has been submitted and accepted for presentation mplementing the rendering pipeline. Interaction
the ACM SIGGRAPH '99 conference (Los Angeles,methods were limited to fairly simple event

August 1999). handling, and they used console text i/o without a
This panel proposed the following philosophy of theGUI. Some hierarchical modeling was taught using
first graphics course: modeling  transforms  implemented by the

programmer. Early versions of the course used a
«  Computer graphics is inherently 3D and courses"home grown" API (implemented on top of a device
should be also. dependent 2D graphics API). Later versions
« The fundamental subject of a computer graphicsmigrated to proprietary versions of GL (SGI and
course is geometry and how it is expressed in  HP). Typical programming lab assignments included
computational terms. Thus, geometry is a major implementation of Bresenham's line drawing,
part of the introductory course. Geometry is Cohen-Sutherland line clipping, re-entrant polygon
expressed in terms appropriate to the field, suchclipping, and simple hierarchical modeling
as coordinate systems, transformations, and  applications.
surface normals. The basic shape is the triangle.The 1996-98 Cal Poly graphics courses use modern
«  Computer graphics is intrinsically visual, and ~ API's. The co-author teaches a version that uses
even the most technically oriented graphics OpenGL for the first half of the course, and uses
practitioner must be aware of the visual effects Open Inventor for the second hai.[In this course
of algorithms. Unlike other areas of computer ~ the topic focus is also on fundamentals. But,
science, algorithms must be considered not onlyinstruction in implementation techniques has shifted
for time and memory usage, but also for their ~ to higher level aspects of rendering, event-driven

visual effect. interaction  handling with  GUI's, complex
« Besides geometry, computer graphics is about hierarchical modeling including extensive study of
light and surfaces, and about developing scene graphs, and software design using the two

algorithms to simulate their interplay. Courses API's. The first lab assignment draws complex 3D
need to include material about light and surface Primitive shapes with interactive control of color,

properties and about the distinction between theorientation, and line style. A second lab assignment
draws chairs, a table, and a floor and requires

interactive control of position and orientation for



each object and for the viewpoint. A third lab usess
Open Inventor to model a 16-jointed robot with
interactive control for joint manipulation. This lab
also requires model development using a graphical
scene graph editor without writing program code.  «

4. The Future: Java 3D as a Learning
Environment for Introductory Graphics
Courses

1.4.0Overview of Java 3D Design Philosophy and
Features

Java 3D is an API used for writing 3D graphics

applications and applets. It is a library of basic and

utility classes written in the Java language. Java 3D

is platform independent and extends Java's "write

once, run anywhere" benefits for application

developers. It also integrates well with the Internet

because applets written using Java 3D have access to

the entire set of Java classes. A complete description

of the Java 3D design philosophy and its features is

available in published texts and online web

documents§,7,9.

The Java 3D programming paradigm includes thesg

principles:

» Fully object-oriented implementation

* Classes are extensible and compatible with all
other Java 2 Platform libraries

Cost

The purchase price is zero, and there is no
software maintenance cost. This is a significant
factor for schools, as well as for students.
Programming Paradigm

The fully object-oriented environment is
consistent with training students receive in their
prerequisite courses. There is no need to kludge
together OO with non-OO procedures.

High Performance

Students are accustomed to high performance --
or at least what they perceive to be high
performance. The many PC games and Web
applets that present apparent high performance
rendering raise expectations. However, they can
cause frustration for students if they are limited
to programming lab examples that appear
simplistic by comparison. A significant aspect of
graphics education is the motivation provided by
its appealing real-time, interactive, visual
results. If that motivation is frustrated by low
performance, the learning that occurs will be
diminished.

Experiences in Adapting Course
Curricula to Changes in Graphics
Technology

We have put our recommendations into practice. In

* Scene Graph based for both geometry andsying 1999 one co-author taught a revised version

behaviors

of the Cal

Poly undergraduate Introduction to

* High performance a primary design andGraphics course using OpenGL and Java 3D APIs.

implementation philosophy:
e« Layered Implementation: Native
based, aiming at hardware acceleration,

During Winter and Spring 1999 the other co-author
code taught three courses, varying in duration from one to
three days,

on Introduction to Java 3D for

* Application programmer can specify what experienced professionals.

will change so that system can perform
optimization,

e Supports multiple rendering Modes:
Immediate, Retained, Compiled-retained

In the current university environment, students are
entering graphics courses with less foundational
knowledge than in the past. Although most students

come to school with much greater exposure to

1.5. Justification for Java 3D As A Learning
Environment for Beginning Students

computers and graphics, they have less exposure to
mathematics, problem solving, and less of an idea
where they want to focus their careers. Furthermore,

Although at first glance Java 3D may seem like anne fie|q of graphics has expanded greatly since its

API most applicable for experienced professionalsinceptiOn

developing production quality software, several
aspects make it desirable as an API for beginners.

and given the new APIs, computer

graphics is no longer the exclusive province of
experts. The challenge for educators is to provide

enough information so students can learn graphics

* Platform independence

without requiring them to becomes masters of a

Students usually prefer to work in labs at schoolyayticular sub-discipline. After all, twelve-year-olds
on their home computers, and, even at theifyre nroducing beautifully ray-traced images without
place of work (for those employed full or part- having any concept of how ray tracing works.

time). Java and Java 3D's platform
independence greatly simplifies portability, not
only for 3D graphics but also for 2D GUI's.



A high level graphics API provides educators withdirection and leave them with sufficient landmarks to
the ability to introduce a broad range of fundamentahllow the students to explore the details further on
concepts without detouring into the details importantheir own.

only to graphics professionals. Despite the higher

level presentation of concepts, students can quickl. Summary and Conclusions

learn how to write useful and compelling graphic

applications. In the process, they are exposed tGraphics technology has changed vastly in the nearly
enough graphics concepts that they can decidéhree decades since researcher-educators first started
whether to devote more of their student andpassing their knowledge on to students. Students and
professional career to graphics. computing environments have also changed
In the Cal Poly CSC 471 Introduction to Graphicssignificantly. Course curricula and textbooks have
Spring 1999 coursed] students used OpenGL and been slow to adapt and have not kept up with these
Java 3D APIs, a low level and high level API changes. Proposals for adapting curricula to match
respectively. These APIs allow topics to be coverednodern technological requirements have been
quickly in both breadth and depth. Programmingpresented here and elsewhere. Personal experience

assignments using a high level API (Java 3D) allowwith such adaptation in university courses and in

students to produce quite substantial results within gndustrial

short period of time.

short courses has demonstrated the

In one programming effectiveness of using modern, high-level API's and

assignment students wrote a Java 3D program temphasis upon student-centered learning.

display a humanoid-like robot with 16 rotational

joints and interactive behaviors that allow run-time References:

modification of the joint angles. This project was
completed within 3 weeks of their introduction to P]
Java 3D (and, for some students, within 3 weeks o
their first exposure to Java after having been traineq!z]
in C++). At the same time students were learning the
fundamental concepts of a scene graph and were
solidifying their knowledge of complex transform
operations, they also learned the details of Java 3D
scene graph implementation. [3]

Experienced computer professionals have
significantly more exposure to mathematics, problerq'4]
solving and logical thinking. However, when they
decide to study graphics, they often revert to
“student mode”. Presentation order, thus, remains
important. Fundamental material must be introduced
in a constructive order rather than deconstructive
order. Otherwise students become confused and
frustrated. Although experienced professionals ma 5]
be able to solve the most complex problems without
hand holding -- outside the classroom -- when they
become students they require the smallest details to
be completely specified. This is not surprising, since[s]
much like university students they also cannot
distinguish between fundamental concepts and
unimportant details.

7
This becomes more of an issue given the breadth an[d]
depth of topics within the graphics field today and
the short time frame of a typical professional short
course. Despite this challenge, higher level APIs
allow educators to introduce breadth as well as to
delve into selected topics in depth within short time[g]
frame courses. By emphasizing fundamental ideas an
educator can start such students in the necessary
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Abstract

At the Faculty of Science and Technology of the New
University of Lisbon, the education in Informatics
Engineering has been supported by a B.Sc. course
and a M.Sc. course. Both of them include Computer
Graphics  lectures, being the corresponding
curricula adapted as much as possible to the other
basic scientific matters. On the other hand, the tools
and teaching methods have also been accommodated
according to the global resources available at the
Faculty for those courses, namely the computational
ones. The paper presents the methodologies used
today for teaching Computer Graphics at the New
University of Lisbon, gives the results of some
succeeded experiments, refers the most relevant
relationships with other subjects and put important
questions to the future of Computer Graphics
education in the scope of Informatics Engineering.
Keywords: ~ Computer  Graphics,  Teaching,
Education, Informatics Engineering.

1. Introduction

This position paper is about computer graphics
education at the Faculty of Science and Technology
of the New University of Lisbon (UNL), which was
the first University conferring a B.Sc. degree in
Informatics Engineering in Portugal. The way
teaching has been done and the corresponding
curricula have been chosen can be the object of a
generalized discussion that will eventually lead to
some improvements not only in these courses but
also in similar ones. As it is well known, the
computer graphics field has a multidisciplinary
character and is still evolving nowadays. The impact
of new products and different techniques that can be
used today, such as the Internet, clearly shows
another orientation a teacher has to give in order to
solve some arising problems.

Although the main focus of the present paper is
related with the teaching of computer graphics in
B.Sc. and M.Sc. courses, the impact of this subject
of study in other areas of Informatics Engineering at
the UNL is also emphasized. Therefore, computer
graphics education has been oriented, not only in the
perspective of the end-user of a graphical

application, but specially from the point of view of
the underlying design and implementation. Thus,
both the API and the basic programming level of a
graphics system are to be covered in the courses.

2. Curricula of Computer Graphics

The next subsections of the paper describe the main
contents of the different courses in computer
graphics at the UNL. In addition to the indispensable
textbooks, teacher’s own notes are also available for
all these courses. On the other hand, since the impact
of the Internet has been enormous, not only this tool
is filling the common lack of books and journals in
our academic libraries but it is also a way to easily
find very useful software products.

2.1. The Graduation Course Level

The existence of distinct modules at different levels
of interest has shown to be very convenient for
teaching computer graphics in the graduation course
for Informatics Engineering, which is five years
long. In the subsections below one can see the
choices made in the real situation.

2.1.1. Fundamentals

Obviously, the first of several modules has always to
have a more introductory programme. In the case of
the B.Sc. course at the UNL, this module is called
Computer Graphics I. It is one semester long and a
mandatory subject. The topics corresponding to the
covered matters are classified into some relatively
diversified and well-known main areas:

Computer
applications

Main algorithms for output primitive raster
conversion and corresponding attributes

Clipping of lines and polygons
Geometric primitives in graphical systems

Graphics definition, history and

2D viewing pipeline: Coordinate Systems and
Window-Viewport transformations

2D and 3D Geometric Transformations



Utility functions for geometric transformation
composition

Parallel and Perspective Projections

Interactive methods for the design of 2D and 3D
curves, including evaluation and representation
techniques

Interactive methods for the design of free-form
surfaces, including evaluation and representation
techniques

Input logical devices and interaction techniques

Implementation techniques for the Locator e Pick
logical devices

Main control functions and paradigms in both
PHIGS and OpenGL™

Concepts of hierarchical modeling and edition
using PHIGS, OpenGL™ and VRML

2.1.2.  An Advanced Course

Based on the previous knowledge of the students
about graphics programming and concepts, a second
module — called Computer Graphics Il — covers a
more restricted domain, although the main textbook
is the same in both modules [1]. Due to the recent
importance of 3D graphics, the chosen topics are
mainly associated with photorealism and can be
classified into the following groups:

Introduction to the problem of photorealistic
images

Integration of geometric projections

View volumes for
perspective projections

The synthetic camera paradigm

Normalizing Transformation and Perspective
Transformation

arbitrary parallel and

3D clipping in homogeneous coordinates

Algorithms for Hidden Line and Hidden Surface
Removal

Achromatic color and halftoning techniques
Fundamentals of Colorimetry

Color models

Rules for the use and harmony of colors
Basic notions of Fotometry

Illumination models

Special effects

Shading methods for polygon meshes
Texture mapping

Ray-Tracing

Radiosity
Anti-aliasing techniques

The comparison of the curricula of these
undergraduation courses, as they were stated above,
may lead to some erroneous conclusions. For
example, 3D graphics are seemingly postponed to
the advanced course, causing an important lack in
the basic one. However, this is not entirely true. As a
matter of fact, what are really the significant
characteristics of 3D graphics that are not covered by
the topics of the first course? Note that geometric
projections, 3D curves and the design of free-form
surfaces, among others, were already included there.
For this reason, we think the missing topics are the
following ones: HLHSR algorithms, solid modeling,
shading and illumination models. But these issues
are presented to the students during the semester
from an end-user point of view, sometimes with the
help of pictures produced by well-known
commercial products or extracted from recent
movies. This kind of information is easily found in
the Internet nowadays. If this is so, why don’t we
dispense with the second level course? Just because,
in that way, the consequent level of students'
education would not at all be adequate to an
Informatics Engineering graduation. Thus, the
specific topics about 3D appearing explicitly in the
advanced course are treated in a programmer’s point
of view and not only by informing the students about
the right application product to quickly produce the
final result.

2.2. A Post-Graduation Course

One important goal of the M.Sc. course in
Informatics Engineering is the specialization in
computer science of graduated students. Due to the
importance of computer graphics nowadays, this
field of knowledge could not stay away.

The actual curriculum is based on the following
items, whose main emphasis will be explained in
section 4.

The role of Computer Graphics

Main graphical representation methods

Elements of Computational Geometry

Geometric Modeling supporting the construction
of synthetic images

Solid modeling and representation schemes,
namely B-rep, BSP, Octree and CSG

Reference Models and API standards

Concepts, paradigms and programming methods
using PHIGS/PHIGS+, OpenGL™, Java and
VRML



isosurface
volume

Data  Visualization,
generation,  particle
rendering techniques

including
systems and

3. The Training at the Laboratory

An education in computer graphics is far from being
complete without any laboratory component.
Students are asked to develop some tasks whose
level of difficulty depends on the kind of course they
are attending: basic or advanced. The pictures
included in this section are intended to provide the
reader with a pictorial overview of some significant
tasks.

Currently, the problems proposed to the students are
a mixture between algorithmic and project oriented
tasks. An effort is made in order to have all main
chapters of the courses present in the final programs
developed by the students. Additionally, the
theoretical classes have to be synchronized with the
explanation of the matters that are needed to find the
most convenient solution for each problem.

All the pictures shown in the included Figures are
screenshots taken from some programs developed by
students at the UNL very recently. The programming
activity in computer graphics has clearly benefited
from the general purpose platform given by the Intel-
based PC nowadays. For this reason, showing
already a great evolution from the early
recommendations stated in [2], at the UNL there is
no longer any visible difference between a computer
graphics laboratory and another one equipped for
unspecified programming training.

The Microsoft’s Visual C++ has been used in a
Windows 95 environment [3]. Also the OpenGL™
programs were entirely created having the support of
this platform [4], most of them interfacing the
window system through the GLUT library [5].

Figure 1 is just one example of window-viewport
transformations and planar geometric projections,
with the possibility of an interactive control of the
parameters.
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Figure 1. Window-Viewport Transforma tions
and Planar Geometric Projections.

Different methods for designing curves are
integrated in a simple editor to be implemented by
the students and illustrated in Figure 2.

The fire-fighting truck depicted in Figure 3 can be
moved forward and backwards under the user
control. Additionally, the stairs have two kinds of
independent movements: an elevation produced by a

rotation transformation and a variable length
achieved by shifting the three components
accordingly.
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Figure 2. Interactive free-form curve editor.
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Figure 3. 2D hierarchical modeling with
interactivity.

Figure 4. 3D hierarchical modeling with
interactivity.

The ability of the students to create the underlying
hierarchical model has shown us that not only all
important concepts can be learned and practised in a
2D environment but also with additional advantages:
normally the results in a 2D space have an easier
interpretation and are less time consuming for
debugging. The corresponding 3D situation is merely
a generalization. This is illustrated in Figure 4.
Therefore, the main difficult here is related to the use
of illumination and projected shadows. Both Figures
3 and 4 resulted from OpenGL™ programs.

Figure 5. Surface rendering.

Figure 6. Illlumination models and Shading.

The generation of the pictures shown in the Figures 5
and 6 was achieved by writing directly in the frame
buffer, thus dispensing with the high-level functions
usually found at the API level of a graphical system.
This kind of exception to the use of OpenGL™ (see
[6]) gives the students a good understanding of the
rendering issues and allows them to program any
special technique, such as the Phong shading.
However, to be a feasible task in a short period of
time, some restrictions had to be made: for instance,
the output pipeline was simplified by fixing the
viewing parameters.

Figure 7 shows us one single frame from an
OpenGL™ animation program using B-splines.



Figure 7. 3D Modeling and Animation.

Finally, it is important to refer that an event-driven
programming style is present in all applications
written by the students.

4. Problems and Suggested Solutions

In what concerns Computer Graphics I, the topics
dealing exclusively with 2D issues are taking nearly
25% of the total time of the actual theoretical classes,
being very difficult to make this value lower. One
cannot forget that even what we call 3D graphics
become 2D at some stage of the complete output
pipeline. Nevertheless, it is obvious that the referred
percentage would be much more reduced at the cost
of sacrificing the explanation of several algorithms
and techniques if there were no further courses
available, such as Computer Graphics 1.

But, in our opinion, that reduction can be achieved
by other means, which are compatible with a
graduation course having a strong basic kernel of
subjects. Let us put the following question: should
we teach a programming language (e.g. C or C++)
within a computer graphics course? The answer is
clearly negative, because the knowledge about
programming languages is an attendance pre-
requisite for any computer science student. So, why
don’t we try to take a step forward by moving part of
the traditional computer graphics topics into other
basic subjects? The main problem here is that a
serious compromise must be agreed with the
instructors responsible for those subjects. But the
foreseen benefits are great for all parts. Consider, for
instance, the case where the student is learning the
concepts of recursion. What would be the difference
if those studies were complemented with a
comparison  between recursive and iterative
algorithms  for  filling regions of pixels?
Computationally speaking, this would be a much
more valuable approach than the traditional

numerical examples such as the factorial function or
the Fibonacci numbers. And there is a lot of
additional examples from the area of computer
graphics that could be useful to other fields of
computer science and don’t need long explanations
to the new generation of students.

This solution can lead to a natural integration of
different subjects of the graduation in Informatics
Engineering, but requires the staff responsible for the
corresponding lectures to have also a very good
background knowledge about graphics. To achieve
this goal, the necessary teacher's education is being
started at the UNL in what concerns the preliminary
programming language courses. We hope that, with
the functionality present in Delphi, some basic
computer graphics concepts and techniques will be
easily introduced at the same time students start to
learn Pascal and basic data structures.

There are also several general problems that became
visible during the past experience in computer
graphics education at the post-graduation level in
Portugal. The most important is related with the
dissimilarity of the background knowledge of the
students, since they usually come from very different
Universities in the country. This fact would not be
serious if a suitable set of different curricula could be
implemented in order to configure the course to the
profile of each student. However, this methodology
is only feasible when the expected number of
students is considerably high. This is not the present
case at the UNL and no change is foreseen at short or
long term. As a matter of fact, we are talking about a
global number between 15 and 20 attendants per year
at this M.Sc. course.

As a consequence, the suggested strategy is to
elaborate a curriculum where the following
compromise is assumed. On the one hand, some
basic and general issues in computer graphics have
to be quickly addressed in order to uniformize the
background knowledge of the students. On the other
hand, the choice of the most convenient topics must
include the state of the art techniques and the
methodologies that can meet the wishes of a student
having already a good understanding of computer
graphics fundamentals.

However, no intensive programming is normally
needed at the curricular part of the M.Sc. courses,
since they consist of theoretical lectures and the
laboratory is free to be used by the students
whenever they want to see the practical aspects of
some particular matters. Computational geometry
topics and geometric modeling issues are considered
to be a good choice from this point of view, because
they can be treated at a level as high as we want.
Nevertheless, a programming activity is always
welcome in Informatics Engineering. Due to its
declarative character, VRML was elected as the most



privileged candidate to the main tool for developing
skill in graphics programming either at a basic or
advanced level [7, 8].

5. Conclusions

In general, the evolution of educational methods
greatly results from the analysis of past experiences.
But these systems are very complex and the staff
responsible for teaching is not always having the
knowledge about all the relevant parameters.
Although many teachers conscientiously assume this
fact, that is not the general rule. It thus becomes clear
that the lack of helping mechanisms to solve the
problem also affects those teachers who want to
improve their methods based on the experience from
another one.

When trying to find an adequate answer to a specific
problem one must obviously consider each
methodology that proved to succeed in similar
situations before. However, the existence of a small
difference between them, even not very significant
apparently, may lead sometimes to a completely
different and unexpected result. It also happens that
the education and learning processes can be highly
improved if some details are taken into account. For
instance, following an observation by Jansen and
Nieuwenhuizen in [9], the first work given to the
students attending the laboratory classes in Computer
Graphics | set to be a pre-programmed task instead
of a simple statement about the problem to be solved.
And the gratifying result was an extraordinary grow
in the motivation of the students.

Computer graphics is far from being restricted to 3D
graphics, no matter their increasing importance
today. The way the basic undergraduate course is
implemented at the UNL, as described in the paper,
does not punish the student who has more difficulties
to picture 3D entities and to realize, for instance,
their shape and behavior related with movements,
intersections, derivatives, volumes and so on.

The paper addresses other important issues. One of
them is related with the direct impact the computer
graphics education has had in other subjects of
Informatics Engineering courses, specially in those
matters connected to programming languages,
algorithms and data structures. But that is not all, as
we can see next. At the UNL there is no
computational ~ geometry  course  yet. The
corresponding most significant issues are only
referred in the computer graphics courses. However,
we are trying to move part of them into a recently
created course on complementary mathematics,
named Discrete Mathematics, in the second year of
the graduation studies. We hope it will be possible to
extend this kind of collaboration and integration to
other subjects in the near future.

Due to the rapid progress on the computer graphics
field, the methods and contents of each course
change every edition at the UNL. This is true even
for the most basic one. The actual domain of
computer graphics is so wide that it is impossible to
completely embrace it in any course, especially when
a small set of classes is provided. Comparing the
UNL courses with the HyperGraph project [10], for
example, we can observe that the major set of
uncovered items concerns the hardware descriptions
and not the software issues. In summary, each
educational institution must choose the most relevant
topics and the way they can be taught in order to
contribute to the specific objectives of the graduation
and post-graduation courses to be offered. Lacking
for adequate evaluation methods, this is usually a
very subjective and difficult task for the teachers.

In 1999, at the UNL, the introductory course for
undergraduate students moved from the fourth to the
third year of the graduation in Informatics
Engineering, reflecting the fact that computer
graphics is no longer a complementary subject. As a
matter of fact, that course gives such a complete
preparation to the students that it can be very useful
to several subjects taught in the last two years of the
graduation time period. One must note that this kind
of change is only possible when the required
extensive amount of background in mathematics and
programming is guaranteed at the end of the second
year of the computer science studies.
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Abstract = cellular notions, where cellular structures are
deduced from “numbered” simplicial sets and

The content of a course in Topology-based Geometric embedding is based upon parametric trimmed
Modeling is presented. The key ideas are based upon patches.

simplicial notions issued from combinatorial topology.

The well adequacy of these notions to geometridVe insist here about the complementarity between the
patches (such as Bézier patches) is pointed outopological aspects (subdivision, etc) and the
Topology and geometric notions are simultaneouslyembedding ones (curves and surfaces). Highlighting

presented in order to show their complementarity. the common combinatorial concepts facilitates this.
Keywords: Geometric modeling, combinatorial Hence a global and homogeneous outline of the field is
topology, subdivisions, geometric patches. given.

1. Introduction 2. Course content

The goals and the content of a course in Topology- .
baseg Geometric Modeling are described in thisf) pagga'l' Introduction (2h)

Since several years, it is addressed to Computer .
Science students (Master Degree, ninth and tentR@SIC concepts are introduced: subdivision of
semester) who have acquired basic knowledge i,g_eomet.rlc space (l.e. partition mto_cells of various
computer graphics, but who did not thoroughlyd'mens'ons on which bogn'dgry relgtlons_are defined),
approach Geometric Modeling. Other courses/arious "classes" of su.bd|V|S|ons (simplicial or.cellular
specialized in other fields of Geometric Modeling can®€S; complexes, manifolds, ...), homeomorphism, etc.

supplement this course, e.g. C.S.G. and implicit = = . i i
surfaces. This initiation is carried out by the means of a

constructive approach of the classification of surface

The purpose is the acquisition of solid basic conceptsubdivisions ir.lto topological surfaces, as it can be
so, we insist here about the fundamental concepts ifpund in [8]: the basic objects are polygons

mathematics and computer science, and mainly about {topological discs) and surface subdivisions are built
by identification of edges. The classification of

»  (combinatorial) topological notions related to surfaces (and the related characteristics: number of

subdivisions of geometric spaces, boundaries, orientability factor, genus) is approached
» parametric curves and surfaces, and mordY distinguishing the various cases of identification
generally curved shapes (the proof that any subdivision belongs to a unique

» the links that can be made between these tw&PPological surface is not tackled).
notions, especially combinatorial ones. . . )
This part can by supplemented by a practical session
The design of data structures is considered as well &&/ring which the students, provided with paper,
that of basic construction operations and algorithms fopCiSSOrs and tape, build and classify paper surfaces.
computing topological properties.

. . 2.2.Simplicial : Fundamentals (6h).
The course contains three main parts :

A first part shows how to deduce combinatorial notions

' si_mplicial hotions, mainly simplicial sets and from geometrical ones. We define successively:
triangular patches ;

= simploidal notions, where cells are cartesian,

products of simplices : simplicial complexes, defined as convex hulls of

linearly independent points,



abstract simplicial complexes, where a simplex isCombinatorial links between an abstract simplex and a
a set of abstract vertices ; theometric realization Bezier simplex are pointed out. Mainly it is possible to
of an abstract simplicial complex is a simplicial extract a semi-simplicial set structure from the control
complex (vertices are associated with points, ...), point structure (cf. Figure 3) : it is thus possible to
semi-simplicial sets [12], where a simplex is anassociate subsets of control points with abstract
abstract object and boundary operators associatmplices, and this can be used in order to design data

its boundary simplices with the simplex (cf. the structures.

following definition and Figure 1). The geometric
realization of a semi-simplicial set is a CW-
complex.

Definition [12] : A d-dimensional semi-
simplicial set K , is a unionK :U;K, of sets
K, of abstract simplices of dimensioh<d,
together with boundary operatods such that:

0,:K, - K_, with | 21and0<i<l,
00,0, =000, fori>kando OK.
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Figure 1. 1- and 2-dimensional simplices, and
their boundaries.

Basic additional notions and construction operations
are defined (e.g. geometric realization, isomorphism,
simplex creation, identification) and traversal
algorithms are described in order to compute
topological properties (e.g. connectivity, boundary,
star).

In a second part, the embedding notion is introduced in
order to define the object shape. First, we show that a
subclass of semi-simplicial sets is equivalent to

abstract simplicial complexes ; so, they can be

embedded as simplicial complexes, by associating
points with 0 -simplices.

Embedding is then generalized by taking curved shapes
into account (i.e. curves, triangular surfaces, tetrahedral
volumes, etc). These shapes are introduced by the
"Bézier simplex" notion and described using the de
Casteljau algorithm in any dimension. Bernstein
polynomials are defined. Joining and continuity
problems are taken into consideration. Figure 2 gives
us an example of a semi-simplicial set.

Figure 2. Example of semi-simplicial set, up
the topological structure, down the embedding.
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Figure 3. Semi-simplicial set structure and
control point structure.



The last part is devoted to geometric operations (e.g.
splitting, extrusion and cone). They are compositions
of operations acting on semi-simplicial sets and ore
Bézier simplices.

Implementation is also addressed from abstract data
types to concrete data structures using records and
pointers. A basic concrete data structure can be directly
deduced from the combinatorial definition afi-
dimensional semi-simplicial sets.

struct cpl {
(I+1)_SIMPLEX * s ;

intb_op ;
struct cpl * next, * prev ;
}*CPL;

struct i_simplex {
struct simplex * delta[i+1] ;
CPL ante ;

} I_SIMPLEX;

The record (written in pseudo-code) IMPLEX
represents ani -simplex : the first field delta )
implements the boundary operators ; the second fiel
implements the "inverse" operators : a doubly-linked
list contains the simplices which have the considere
simplex as image by a boundary operator.

From an abstract data type point of view, the simplicial
sets are defined by the operations working on the data
structure. Basic operations such as

set_border :
nat simplex simplex simplexSet -> simplexSet

border : simplex nat -> simplex

which respectively define boundary operators and
apply boundary operator to a simplex are defined by

notions presented in section 2.4 are based upon
cartesian product.

Define basic mechanisms which make it possible
to deduce optimized structures for some classes of
simplicial sets (e.g. homogeneous, regular, quasi-
manifolds), and related operations (i.e. constrained
operations that are internal to sub-classes). Using
these mechanisms, relations can be established
with other structures defined in literature, and with
cellular structures (see section 2.5) [4, 9, 11].
Notions related to curved shapes are abstracted
and generalized by introducing the general
simplicial algorithms [6, 7]. This provides a
uniform approach for the parametric curves,
surfaces, volumes, etc.

2.4.Simploidal (4h).

Previous simplicial notions are generalized by defining
structures that can represent subdivisions in which cells
gre cartesian products of simplices.

d:irst, cubic sets are defined [13] : a cube is the
cartesian product af-dimensional simplices.

Definition: A d -dimensionalcubic setK is the
union K :U;K| of sets K,, which elements

are abstract cubes of dimensidrx d, together
with boundary operatoraij such that:

0, :K - K_ with 21, j=0landi<lI,
00'0; =00,9'" for i >kand o 0K .

equations. Then fundamental properties are expressegbmbinatorial links between Bézier patches (tensor

e.g.

border(k, border(i, s)) =
border(i-1, border(k, s)) if i > k

product of Bézier curves) and abstract cubes are
pointed out, leading to the embedding of cubic sets
using cubic shapes.

Similar implementation mechanisms are used for th@\bstract simplices and abstract cubes are generalized
other simploidal and cellular notions presented in theyy abstract simploids (the corresponding geometric
next sections. notion is the simploid notion [3]). They are cartesian

products of abstract simplices. An abstract simploid is
fully defined by the k-tuple (d,,...,d, ) of the

dimensions of thé& simplices involved in the product
(cf. Figure 4).

2.3.Simplicial (4h).
This part has three complementary goals:

=  Extend semi-simplicial sets by defining simplicial
sets [12] ; thus cartesian product can be defined.
This operation is a generalization of the extrusion
one; it is the combinatorial basis for the
computation of Minkowski sums. Moreover,
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(2.1) Figure 5. Example of simploidal set.
/ 2.5.Cellular Structures (8h)
* *
@1 A first part shows how to deduce a first cellular
structure from a subclass of simplicial sets [11].
Simplicial sets are structured into cells by associating
A *A numbers with 0 -simplices (this is quite close to the
(2.2) classical notion of barycentric triangulation : numbers
associated with the vertices of asimplex are {0, 1,
Figure 4. Example of simploids. The cartesian ..., i}). Then, we define cellular quasi-manifolds as a
product of at least two simplices is graphically  sub-class of such "numbered” simplicial sets, and the
represented. equivalent notion of combinatorial generalized map is

deduced by applying conversion mechanisms presented
Then, simploidal sets are defined by (cf. Figure 5) :  in section 2.2 (cf. Figure 6).

Definition [7] : A d -dimensional simploidal set 0
. . d
K is the union K =( J' K, of sets K, of L .
abstract simploids of dimensioh<d, together {
with boundary operatora‘j such that 0 I 0
. ..d -1..)if d >1
(”.,di,”.)al» :E( ,\I l’ ) i 1 1
: E(...,di,...) else
(...,d,,..)8,0, =¢(..,d,,...)8,0, , withk >1 andd, >1
0 1 0

_edend;, 0000 i d, >0

ndnd;,)0,0 " else Figure 6. Numbered simplicial set and
generalized map. A dart corresponds to a 2-

Products of general simplicial algorithms [6], ~ dimensional simplex {0,1,2}. Application o
generalizing cubic shapes, are also defined, and used 10INS simplices Wh'Ch share a 1-dimensional
for embedding simploidal sets. Once again, the Simplex{0,1,2}-{i}.

complementarity of the embedding and the topological

aspects are pointed out and used. For instance for the Definition: A d -dimensionageneralized maygor
design of data structures, we also explain how common G-map) is a setD of darts together with

(..ndy,.rd,,..)0]0!

combinatorial notions simplify the implementation.  applications (cf. Figures 7,8,9) :
Simplicial operations (and implementation aspects) are

extended to the simploidal framework. Lastly, open a,:D - D withOsk<d,
research problems are highlighted. baZ=b with b0 D,

ba.a, =ba,a, withk+1<l| <d.

! The hat notation means that the element is removed from
the tuple.



boundaries). These conversions are obtained mainly by
applying mechanisms presented in section 2.2.
Relations with equivalent structures are also

highlighted (e.g. winged-edge, quad-edge, radial-edge,
facet-edge, cell-tuple structures, incidence graphs, etc.
See [10] for instance).

Figure 7. Example of a generalized map.

Construction operations are defined for handling
generalized maps, and also algorithms for computing
topological properties [1, 11] (e.g. connectivity,

orientability; characteristics can be computed on 2- Figure 9. Complex objects can be modeled
dimensional generalized maps providing their  Wwith G-maps

classification in the meaning of section 2.1).

The last part is devoted to embedding. First linear
embedding is described. After, parametric trimmed
shapes are introduced. They generalize the notion of
trimmed patches [5]. Hence, the link between the
topological structure and embedding becomes more
sophisticated: the space of parameters must be
topologically structured.

Again, several open research problems are pointed out.

3. Remarks and Conclusion

Our experience shows that a practical work is useful :
all notions can be perceived as theoretical ones and
intrinsically interesting ; a practical work, for instance
the conception of the kernel of a geometric modeler,
shows the usefulness of these notions for the design of
data structures and algorithms.

Figure 8. A subdivision of a Klein bottle Who§e Note that sections 2.1, 2.2 and/or 2.5 can be extracted
topology IS represe_ntgd by a G-map ; its and taught in other curricula. Parts 2.1 and 2.2 have
tqpologlcal charactenshgs can be computed by been taught to undergraduate Computer Science
simple Fraversal o'perau.o.ns (ie. number of students : so, they can experiment simplicial structures
boundaries = 0, orientability factor = 2, genus  nich are graph generalizations. It is also possible to
=0). study only cellular structures, by removing sections

A d ¢ sh how to ded lular struct 2.2, 2.3, 2.4. It is thus necessary to give an intuitive
second part shows how 1o deduce cellular struc ur(':*l?‘itroduction, e.g. "how to deduce a generalized map

for o_ther _classes of _ceIIuIar objects _[4] (from from a cellular manifold?” (for instance using
combinatorial map_chalns for r_epres_entlng CeIIUIarbarycentric triangulation, splitting cell boundaries
complexes, to Qnented compmato_rlal maps forand/or cell-tuples [2]). But some notions can not be
representing  oriented  quasi-manifolds W'thOUtcompIetely explained (e.g. definition of cartesian



product of cellular structures). At last, the course can
be improved by studying other important notions, e.g.
algorithms for computing homology groups, according[6]
to the background of students and the pedagogical
context.

To sum up, this course is based upon simplicial notion§7]
(topology: simplicial sets; embedding: curved shapes)
and two mechanisms:

= cartesian product providing spaces with simploidal[8]
cells,

= numbering 0-simplices, providing cellular [9]
structures embedded with parametric trimmed
shapes.

[10]

This  approach presents  mathematical and

computational aspects. Fundamentals are explained.
Indications are given about higher-level aspects, some
of them still being subjects of active research.

[11]
Topology and embedding are simultaneously presented
in order to show their complementarity and to highlight
their common combinatorial notions, which are
important for the conception of data structures and
algorithms. [12]

All topological notions are based upon simplicial ones[13]
issued from combinatorial topology. This discussion
thread is useful for the study of deduced structures, and
simplifies the explanations about topological and
embedding concepts, operations and algorithms.
Moreover, this approach leads coherently to many
other works in geometric modeling, and mainly in
Boundary Representation.
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Abstract

In ACM/IEEE Curriculum 91 [TUC 91] and in
earlier curriculum statements on computer science,
the computer graphics course in computer science
focused on fundamental algorithms and techniques
for creating images and animations. Forthcoming
curriculum statements are going to find a need to
expand the role of courses such as computer
graphics in the undergraduate computer science
curriculum [CUN 98]. In the last few years the
approach to teaching this course has changed to
take advantage of more powerful graphics tools.
By using these tools, however, we are also able to
make the graphics class accessible to students from
other areas. This paper describes a set of
presentations, examples, and projects that supports
the introductory computer graphics course as a tool
for the student in the sciences, mathematics, or
engineering as well as for the computer science
student.

1. Introduction

Computer graphics is an important tool for the
working scientist, mathematician, and engineer,
and has become a commodity item in the
sciences just as it has in so many other areas of
life. Its value is expanding as the scientific
culture embraces scientific visualization and as
powerful computers become more and more
commonly available. However, the traditional
computer graphics course focuses on fundamental
graphical algorithms and processes, not high-
level graphics programming. This is oriented to
the computer science student who wants to
pursue advanced work in the field, not the more
general student in science or engineering.

This offers computer science an
opportunity to serve this wider audience by
creating an introductory computer graphics
course that has dual goals. One goal is to
introduce computer science students to basic
geometric  processes and to  graphics
programming, and the other is to give students
in science, mathematics, and engineering a basic

background in thinking and programming in 3D
geometric terms.

2. The Course Philosophy and
Outline

One fundamental goal of the revised introductory
computer graphics course sets it apart from the
traditional course. This goal is to create a
sound course for science, mathematics, and
engineering students (hereafter abbreviated as
“science”) that will give them the graphics and
visualization tools that they need for their future
[BRO 90]. In doing this, we must avoid
creating a course that poses significant
programming challenges for students, because
many students from these fields will have less
programming experience than a computer science
student would. Thus the course must provide a
sound graphics experience for a student who has
had only a two-semester sequence in
programming.

At the same time, another course goal
is to provide computer science students with an
introduction to the field of computer graphics.
Thus the course must be useful to the general
computer science student and provide him or her
sound skills in graphics programming, because
many applications will need to add graphical
content in the future.

All the work in the course is done
entirely in 3D, with no reference at all to 2D
grapics except perhaps in a few specific
examples. This supports both goals for the
course and is consistent with current directions
in APl development and in graphics
applications. The heterogeneous nature of the
class does offer a challenge, but the expected
benefits should outweigh this problem.
Certainly computer science students should
benefit from working with others outside our
field, and science students should benefit from
seeing a computer science approach that supports
their fields.

The course outline is straightforward.
It begins with an introduction to the
fundamental notions of geometry as used by



OpenGL, and with simple examples of OpenGL
programs to help students see how to build their
first programming projects. It goes on to cover
fundamentals of polygon-based modeling,
including the use of instancing transformations;
to discuss rendering including projections,
viewing, lighting, and shading; and to work
with event-handling to provide user controls and
animation. It ends with some of the features that
students rarely actually use in a traditional
fundamentals course, such as alpha blending,
texture maps, and fog.

This course is largely possible because
of advances in low-cost and high-function
graphics systems. Computers with these
capabilities are now available for even budget-
strapped universities.  Graphics programming
APIls such as OpenGL and Java3D are readily
useable by students who have a programming
background but are not computing specialists.
Further tools such as the Fahrenheit API being
developed by SGI and Microsoft [FAR 98] will
also soon be widely available.

3. The Presentation Sequence and
Examples

In order to introduce students to the subject, we
begin with geometric and programming
fundamentals and proceed to more sophisticated
topics in modeling and rendering. The list
below summarizes the contents, but it should
not be taken as an indication that we proceed in
a linear way through this material. Instead we
do a little modeling, then a little rendering, then
come back to more modeling, then more
rendering, and so on until we have covered all
this content in one semester.

In order to be valuable for the broad
audience we noted above, the course material
needs to be backed up with a collection of
examples and projects that come from an equally
broad set of areas. We need some examples and
projects from mathematics, some from physics,
some from chemistry, and some from various
branches of engineering. Creating a set of
materials with this broad coverage will take
some time, and the author has begun to work on
such a project.  These materials will be
developed and tested in collaboration with other
faculty having many different kinds of experience
and with students from other disciplines. The
goal is to have a draft set of materials available
by mid-2000 and a completed set a year from
then. The materials will be distributed on the
Web and will continue to evolve as our
understanding of the needs of science and
engineering students grows.

An outline of the overall set of topics covered is:

. Introduction to geometry and to graphics
programming

a. Coordinate systems and geometry
fundamentals in 3-space.
Coordinates, normals, vectors, dot
and cross products, polygons, etc.

b. What is an OpenGL program?
Example or two of some simple
code in template programs to
introduce the idea of using the

OpenGL system.
Il. Modeling
a. Modeling primitives. Points,

lines, triangles, quads, triangle
strips, triangle fans, quad strips,
etc. Using  built-in  GLUT
primitives; modeling using them.
Frames as transformed modeling
coordinate systems.

b. Modeling objects using
transformations. Creating items for
a scene by starting with primitive
objects and using scaling, rotation,
and translation to shape them and
place them in a scene. Handling
transformation stacks. How the
stack of modeling transformations
is used to handle several objects.
LIFO behavior of modeling
transformations and the distinction
between function composition and
stack behavior.

c. Evaluators and Bézier splines.
Defining control points; specifying
evaluators; using evaluator to
generate points in the line or

surface.
d. Scene graphs. Concept, examples,
applications
1. Rendering
a. Projections and viewing.

Orthogonal and perspective
projections, standard view volume.
Setting the viewpoint; relation to
both kinds of projections

b. Hidden surfaces. Enabling and
specifying; what effects do you get

c. Lighting and materials. Lights in a
scene; ambient, diffuse, and
specular lighting. More than one
light. Colored lights. RGB and
other color models. How materials
are specified; application to objects
in a scene.



d. Shading. Specifying shading; use
of normal vectors. The difference
between flat and Gouraud shading.

IV. Interaction

a. Event and event handling concepts.
Event queues, event types, concept
of callbacks, registering callbacks.
Keyboard, special keys, menu,
mouse, idle

V. Additional features

a. Color blending (alpha channel).
Specifying, effects of blends

b. Fog. Enabling; effect of fog color;
effect of density; specifying front
and back

C. Textures. Creating texture maps,
specifying maps, 2D and 3D
texture maps

d. Text as a graphic element. Labels,
in-space menus, billboards.

As each part of this material is presented to the
class, the presentation first focuses on what the
feature means in creating or interacting with an
image by presenting demonstrations of the
feature’s effect on an image and pointing out
how the feature is invoked in code by showing
code examples and experimenting with
parameters. When the student has some idea of
what the feature is, the presentation will go on
to give some background on what the feature
means in terms of the actual graphics system
work, and on occasion to include a brief
description of the algorithms involved. To put
these in balance, if we consider the OpenGL
Programmers Guide [WOO 99] on one hand and
a standard textbook that uses OpenGL on the
other [ANG 97], the presentation is in based
80% on the programmers guide and 20% on the
textbook.

4. The Projects

One key to making this course effective for
students in  science, mathematics, and
engineering is creating a good set of projects that
are meaningful to the student. We cannot use a
single set of projects or projects that ask a
student to create good-looking but meaningless
images. The author is working on a set of
projects that will fit this orientation for the
course, and hopes to have a set ready to
distribute in mid-2000. Some initial projects
that were used in the first instance of the course
included:

a) 3D histograms that can be rotated

around one axis; only ambient light

b) physical object with one light source,
where both object and light source can
be rotated

¢) pseudo-fractal landscape with semi-
transparent water and both snow and
tree lines

d) N-body gravity problem with each
body showing a short-term trace of its
recent location, with  time-step
animation

e) a Bézier surface with selectable and
moveable control points

All of these projects included user-controlled
motions or some form of animation, and some
examples of student work on these projects is
shown below. Because we had not yet done any
promotion of this course to students outside
computer science, we did not have any student
input into interesting project topics for non-
computer science students. This will be one
approach to developing such projects in future
course offerings.

The language used for projects, either C
or C++, is not an issue in the course or projects.
It is possible to call any of the OpenGL
functions through either language. Thus
students can choose the language they are most
familiar with and use whatever level of the
language one can handle. In the future we expect
to consider offering the course with Java3D or
perhaps Fahrenheit, depending on the
availability of the systems and the amount of
programming background needed to use them.
A relatively modest independence on the
programming language is a very important part
of making the course work for non-computer
science students and cannot be overemphasized:
students can create interesting and useful images
without using  sophisticated programming
techniques.

5. The Sequel to This Course

At the end of the introductory computer graphics
course, students have experience in thinking
geometrically and in creating programs that
express that geometric thinking and use some
modest animation and interaction. They have
seen a very modest description of how some
graphics algorithms are used to create images,
but have done no work directly with those
algorithms. This gives my computer science
students an excellent background for tackling a
second graphics course containing the traditional
fundamental algorithms content.

In the second course, then, we include
familiar fundamental techniques. These include
interpolation material such as scan-converting



polygons, shading models, Z-buffering, bump
and environment mapping, as well as techniques
such as antialiasing and ray tracing. We have
found that straightforward modifications to the
Bresenham algorithm [CUN 99] provide a
general and straightforward approach to the
whole range of interpolation algorithms on
polygons, and between this approach and the
experience students get from the first course,
they are able to develop a good understanding of
advanced graphics techniques.

6. Results so Far

The author has taught this course and its sequel
only once, so we cannot give a good evaluation
of this work. My computer science students are
enthusiastic about this approach to the course
and several took the fundamental graphics
principles course that was taught as a second
course in sequence. The results of the second
course showed that students did learn many key
concepts in the subject from the first course, and
we were able to move quite quickly through
material that had been fairly painful.

The value of the traditional computer
graphics principles course does not seem to be
reduced by beginning computer graphics studies
with this new kind of course. Instead the new
first course makes a very good introduction to
the principles course by providing students with
a background in realizing images from geometric
concepts. Starting with the programming course
allows a traditional principles course to move
more quickly and to address more advanced
concepts than a course that assumes no graphics
background. The combination of a first course
based on graphics APl programming and a
fundamental principles course seems to be an
excellent way to introduce computer graphics
content for computer science students. More
advanced courses can be developed as needed
when additional topics need to be covered.

In order to understand the level of this
graphics programming approach, it is useful to
see the kind of work done by students in the
new first course. Below are some images from
the last three of the course’s five projects. Each
project also involves animation and/or user
interaction in addition to the image synthesis.

Figure 1. pseudo-fractal landscape
with alpha blending in water

Figure 2. n-body problem with
fade-out trails on bodies

Figure 3. Bézier spline surface
with control points shown;
one is selected for movement

In the first example, students use keyboard
callbacks to move around the landscape and see
it from different viewpoints, and use mouse
callbacks to work with a menu to change various
features of the landscape. In the second example,
the bodies move in real time driven by the idle
callback, using simulated gravitational forces
between the multiple bodies. In the third
example, students move around the shape with
keyboard control and can select and manipulate a



control point with the mouse, as shown; the
shape of the surface changes as the point is
moved with keyboard control.

7. Summary

One of the challenges of computer science is to
find ways to serve our universities and still
maintain the quality of our courses and
programs. Because computer graphics is so
useful to so many different fields, it is a natural
course to take on a service role, but because the
course has traditionally made significant
mathematical and programming demands on its
students, it has rarely been used in this way.

The approach outlined in this note
offers us a way to provide a course that benefits
both the computer science student and the
student from mathematics, science, or
engineering. It is accessible to faculty, is useful
to computer science students, opens the door to
studies of more advanced computer graphics
topics, and is a valuable service to other
students whose professional lives will require
continual use of computer graphics.

And — let’s say this only here at the
end, and let’s say it quietly, though it makes a
real difference to the nature of the course — the
course is a lot of fun to teach and students really
enjoy the high-quality work they produce in the
course.
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Abstract

This paper introduces a Mathematica package for
learning and teaching Computer-Aided Geometric
Design (CAGD). The package incorporates
commands for the treatment of the most usual curves
and surfaces in CAGD (Bézier, B-spline, rationals,
etc.). The powerful symbolic and graphical
Mathematica capabilities, the functional and pattern
recognition programming and the Mathematica
visualization environment have been extensively
applied to get a user-friendly, didactic and powerful
tool for education, with applications in areas as
CAGD and Computer Graphics. Some illustrative
examples showing the performance of the package
are also given.

Keywords: Symbolic programming, visualization,
computer graphics, CAGD.

1. Introduction

Computer graphics and geometric modeling
constitute fundamental parts of the engineering
design process. Geometric modeling methods are
applied to construct a precise mathematical
description of the shape of a real object and its
efficient computer representation. On the other hand,
computer graphics capture the visual and quantitative
aspects of this object. They are also essential topics
in the engineering education process (see [1]).

1. In the last few years, engineering teachers have
witnessed an extraordinary change in the way of
teaching and developing students' skills for their
professional future. The extraordinary advances in
hardware and software have made possible the
appearance of a new generation of scientific
Symbolic  Computation Programs (SCPs), as
Mathematica or Maple. In comparison with the
traditional ~program-ming languages, (Fortran,
Pascal, C, etc.) the SCPs incorporate a great number
of symbolic, graphical and programming facilities.
Today, teachers can take advantage of these
graphical capabilities when introducing students to
computer graphics and/or visualizing the geometry

of the objects under analysis. In addition of this, as
we show below, SCP symbolic tools allow to get not
only a graphical output but also a mathematical
expression for curves and surfaces.

Mathematica [2] has emerged as the most popular
and widely used symbolic computation program. In
this paper, we present a Mathematica package,
CAGD. m for learning and teaching CAGD and
Computer Graphics. The package incorporates many
commands for the treatment of the most usual curves
and surfaces in CAGD (Bézier, B-spline, rationals,
etc...). Some classical geometric operations with
interesting applications to real-world problems have
also been performed. In the following paragraphs,
we describe the main features of the package and
show some interesting and illustrative examples of
its application.

2. Description of the Package

Tha package CAGD. mto be introduced in this paper
has been implemented in the Mathematica
programming language. We think that Mathematica
is an ideal environment for developing programs for

computer graphics, because of its powerful
programming language (supporting procedural,
functional, based-on rules, based-on pattern

recognition and object-oriented programming), and
because it is easy to understand, it reproduces many
C language structures, it has several remarkable
graphical capabilities and, mainly, it works in a
symbolic way. This important feature will be used
later to obtain the symbolic expression of some
curves and surfaces.

2.1. How Does the Package Works?

Perhaps the best way to understand how the package
has been built is to take a look to some of the
routines it incorporates. For example, let
P={P,,Ps,....P,} be a set of points in R, d=2,3 (R
meaning the set of real numbers). As already know
(see [3]) the Bézier curve associated with the set P is
defined by:



!E;P.H.:n[rl (1

where B;,(t) represents the Bernstein polynomials,
which are given by:

Hnlt) (’_’)[L—r]“ ooi=0....n (2)
' n being the

polynomial degree. The points P; are called control
points or Bézier points of the curve. These
expressions can be easily translated to Mathematica.
For example, Equation 2 becomes:

Bernstein[i_,n_,v_
i]1*(1-v)™(n-i)*vAi

Bi nom al [n, i

Table 1. Code for the Bernstein polynomials.

while Equation 1 takes the simple form:

BezierCurve[pt:{{_, _}. .} {{_ _ _}..},v]:=
Modul e[ { n=Lengt h[ pt s] - 1},
Simplify[

Tabl e[ Bernstein[i,n,v],{i,0,n}].pt
]
|

Table 2. Code for the BézierCurve command.

Let us analyze the previous code: in line 1 we
introduce the variables, namely pt indicating the
(two- or three-dimensional) points, and v the
variable of the curve. After obtaining the curve
degree (line 2), we translate Eq. 1 to Mathematica.
Thus, line 4 corresponds to the scalar product of two
vectors: the table with the Bernstein functions and
the vector of points. Finally, the result is simplified.

From the previous codes, it becomes clear that:

1. Mathematical expressions (as Egs. 1 and 2) can
be easily implemented in Mathematica; in most
cases, this process consists of a simple translation
of these expressions to its programming
language.

2. Note also that the previous code allows us to
work in a symbolic way. For example, after
loading the package:

In[1]: <<CAGD.m
we can obtain the following mathematical

expressions for the Bernstein polynomial and the
Bézier curve:

In[2]: Bernstein[1,3,t]
out[2]: 3(1-t)*t

Fig. 1 shows the Bernstein functions of degree 4:

Figure 1. Berhstei-n polynorﬁials for n=4.

In[3]: pts={{1,1},{2,4},{3, 0},
{41 3}1{51 _1}1{61 0}}1

In[4]: BezierCurve[pts,t]

Out[4]: {1+5t, 1+15t-70%+140t>-140t*+54t°}

We remark here that we have obtained the
symbolic formula for the Bézier curve. This fact
represents a clear advantage with respect to the
traditional programming languages. These
mathematical formulas are exact, because they
can be obtained by, more or less complex,
symbolic operations. Since many computer
graphics methods are very susceptible to round-
off errors, this capability is specially valuable.

Plotting the corresponding curve reduces to this
simple input:

In[5]: PlotBezierCurve[pts,t]
Out[5]: Figure 2(left).

Figure 2(left) shows a Bézier curve, its Bézier
points and the control polygon (a set of segments
joining the control points of the curve).

Figure 2. (left) A Bézier curve; (right) Convex hull
property of a Bézier curve

An interesting property of the Bézier curves is
the convex hull property: the curve lies entirely
within the convex figure set by the extreme
points of the polygon determined by the control
points (see [1, 4, 6]). This fact is illustrated in
Figure 2(right), where the grey area indicates
such a convex figure. To get this figure, we
introduce the control points and obtain the plot of
the corresponding Bézier curve:

In[6]: pl={{1/2,1},{2,3/2},
{3,1},{4,2},{5,1/2},{6,3}};
In[7]: cur=Pl ot Bezi er Curve[ pl,t];

Then, we load the Mathematica package for
calculating the convex hull of the given points.
Finally, we display the resulting area (in grey)
and the curve:



In[8]: <<DiscreteMath
Conput at i onal Geonetry"

In[9]: ConvexHul | [ puntos];
In[10]: Show
{ Graphi cs|

{RG&BCol or[ 1,1, 0],
Pol ygon[ %4 }], cur}
]

Out[10]: Figure 2(right)

In computer graphics, curves and surfaces are
usually dealt with by using numerical routines,
which are required to be as short, fast, elegant,
numerically stable and general as possible. For
example, the problem to evaluate a Bézier curve
at a given parameter value t=t, 1 [0,1] (say t=0.3)
is solved by applying the de Casteljau algorithm
(see [3], Chapter 4). However, in our case this
problem just reduces to compute:

In[11]: BezierCurve[pts,0. 3]
Out[11]: {2.5,1.97722}

3. We have used pattern recognition to identify the
dimension of the points through the pattern {_, _}
or {_,_,_}. Moreover, the pattern {{_, _}..}
({{_ _, _}..} resp.) indicates that one or more
pairs (triplets resp.) are expected. Otherwise, no
evaluation is performed:

In[12]:r={{1,1},{2,4,3,2},{4,3}};

In[13]: BezierCurve[r,t]
Out[13]: BezierCurve[{{1,1},{2,4,3,2},{4,3}} 1]

Finally, the operator "| " (line 1 in Table 2) is
used to indicate "this pattern” or "this another
one". This means that the same commands are
able to work with two- and three-dimensional
curves and surfaces:

In[14]: Pl otBezierCurve[{{1, 4,4},
{2,2,3},{3,0,3},{3, 4, 0},
{4,5,2}},1t]
Out[lz_l]:

.: |r..._:-:_ : Lk

Figure 3. Two different viewpoints of a three-
dimensional Bézier curve.

4. The graphical Mathematica capabilities can be
successfully applied to visualization. They

include the rendering of parametric, implicit and
explicit curves and surfaces, colors, grids,
different points of view (see Figure 3), shading,
shadows, intersection algorithms, etc. In addition
of this, the package incorporates many other
options, as two- and three-dimensional
transformations, projections, perspectives, visible
lines and surfaces techniques, etc.

We remark that the previous examples have been
chosen primarily for simplicity and illustrative
purposes, rather than to correspond to valuable codes
or very complicated algorithms. However, very
similar discussions can be applied to many other
commands. As an illustration, Table 3 shows the
corresponding code for a Bézier surface. In this code,
we have wused the functional programming, a
powerful alternative to the standard procedural
programming. Note that the pattern recognition and
functional ~Mathematica  programming  avoid
conditionals and loops, respectively. Motivated by
the different kinds of programming that Mathematica
can support, the final syntax of our commands is
very short, elegant and easy to understand.

BezierSurf[pts: {{{_, _,_}..}..},vl_,v2 ]:=
Modul e[ { meLengt h[ pts] -1, U, V,
n=Length[ First[pts]]-1},
{U, V} =MapThr ead[ Tabl e[
Bernstein[i, #1, #2],{i, 0, #1}] &
{{mn}, {var1,var2}}
I

]

Plus @ (U.pts*V) //Sinplify

Table 3. Code for the Bézier surface.

XYz XYy zZ XY ZXYyZXYyzZXYyz
001012023033042051
1021131241341431572
203214225235244253
303314325335344353
4 0241342 443441431452
5015125235335 42551
Table 4. Set of 3-D points of control.

The following picture shows a typical output for the
Bezi er Surf command with the control points given
in Table 4 and stored in the variable pt s3d:

I n[ 15]: BezierSurf[pts3d, {u,v}]
Out[15]: {4 v,2 u,2 v (3+(-3+u) v)}

The corresponding patch surface is shown in Figure
4(left):

I n[ 16] : Pl ot Bezi er Sur f [ pt 0s3d, {u, v}]
Out[16]: Figure 4(left)




Figure 4. (left) Bézier patch; (right) B-spline patch.

Of course, many other commands (which are not
described here for limitations of space) for dealing
with the most usual curves and surfaces in CAGD
have also been implemented. Figure 5 shows two
Mathematica palettes with the most important
commands included in the package.

|
im, Wl [T 1|
HucimcCurvale, ) 1|
BazfarSiriz[e. |

Brmaieinim, =m. &)
Il.llll.'llll_‘urnll. . ﬂ
FlolfopiorGurro[m, m

sriunt (e (s &)
InaBwsinrdusijm, m, {m -]]

Figure 5. Some CAGD package commands.

In the next section these commands will be applied
to solve some interesting and illustrative examples.

3. Some Examples of Application

This section is devoted to show some examples of
application of the CAGD Mathematica package
described in the previous paragraphs.

3.1. Two-dimensional transformations

In this example we start with an initial square, given
by joining the list of points:

In[17]: square={{-5.,-5.},{5.,-5.},
{5.,5.},{-5.,5.},{-5.,-5.}};

Now, some two-dimensional transformations are
applied to the previous list (see [4], Chapters 2 and 3,
for a survey on two- and three-transformations). First
of all, we consider a proportional 2D-scaling (given
by the Scaling2D command) of factor
Sqrt[68]/10. Then, a rotation (Rot ati on2D
command) of angle arctan(5/3)- p/4 is applied. The
Nest Li st command is finally applied to produce a
40-steps iteration of this process, as follows:

I n[ 18] : s=Nest Li st [ Rot ati on2D]
Scal i ng20] #,
{Sqrt[68]/10, Sqrt[68]/10}],
ArcTan[ 5/ 3] -Pi /4] &,

squar e, 40] ;

obtaining the Figure 6 by using the graphical
Mathematica commands:

I n[ 19] : Show G aphi cs[ Li st Pl ot [ #,
Pl ot Joi ned- >Tr ue,
Axes- >Fal se, Pl ot Range->Al | ]
1& I @s, Aspect Rat i 0- >1]

Out[19]:

Figure 6. lterative process of scaling and rotation
two-dimensional transformations.

.I' g ’
T
Figure 7. Mosalc obtained by the appllcatlon of some
simple (rotations, scalings and reflections) two-
dimensional transformations.

Finally, reflecting and traslating Figure 6 (by using
the Reflection2D and Traslation2D
commands) Figure 7 is obtained. As the reader may
appreciate, the previous transformations can be
achieved in a very easy and intuitive way, by the
simple application of the Mathematica and CAGD
package facilities.

3.2. The Spinning Top Example
Given the list of points:

I n[ 20] : spi top={{0, 16}, {1, 16},
{1.5,16},{1.5,16},{1.5, 16},
{1.5,16},{1.5,14.5},{1.5, 14. 5},
{1.5,14.5},{1.5,14.5},{1.5, 14. 5},
{2,14.5},{3.5, 14},{5, 13}, {5. 5, 11},
{4.5,8.5},{3,7},{1.5,6},{1, 4.5},
{0.5,3},{0,1.5},{0,0}};

the mathematical expression for its Bézier curve is
given by:

I n[ 21] : Bezi er Curve[ spitop, t]

Out[21]: {21 t-105 t+2992.5 t*-20349 t°+81396 t°-
232560 t'+508725 t3- 881790 t°+ 1.2345 10° t¥-
1.23451 10° t''+146965 t'2+ 2.34013 10° t'*-4.593
10° t*+ 4.17833 10° t'°-1.30234 10° t'°- 1.21196 10°
t''+ 1.67114 10° t*8-915600 t'9+259717 t*°-31662.5



1, 16-81396 t°+1.04652 10° t’- 6.40993 10° t® +
2.46901 10’ t°- 6.66633 107 t'%+ 1.33327 10° t!l-
2.0384 10° t'%42.42764 108 t3-2.27734 108 t* +
1.69277 108 t*°-9.98322 108 t'°+4.6437 10 t''-1.666
107 t'8+4.36432 10° t'°-737383 2°+59270.5 t*'}

which is a polynomial of degree 21, obtained from
the 22 control points (see Figure 8(left)). A 2D-
reflection is then applied in order to obtain a whole
spinning top, as shown in Figure 8(middle). Finally,
several 2D-rotations can be applied for simulating
the movement of the spinning top in a plane (see
Figure 8(right)). Finally, Figure 9 shows four
different frames of a movie generated from the 3-D
transformation commands implemented in the
package.

Figure 8. Simulation of the spinning top movement:
three different steps.

Figure 9. 3-D movie of the spinning top.

3.3. B-spline Curves

In general, Bézier curves are not appropriate for
computer design because no local control can be
performed, that is, moving the position of one
control point alters the shape of the whole curve (see
Figure 10(left)). Moreover, the resulting curve
degree, n, is totally determined by the number of the
control points (see [1,3-6]). Hence, it is more
interesting for computer graphics to consider B-
spline curves, whose degree can be chosen and that
exhibit local control, that is, if a control point is
moved only the closest parts of the curve to this
point are affected, as shown in Figure 10(right).

-'- . T
f J 1 i

Figure 10. Different control for the curves: (left)
Bézier: global control; (right) B-spline: local control.

As another example of B-spline curves, Figure 11
shows three different pictures of a squirrel obtained

by using the Pl ot BSpli neCurve command.
They differ in the options, Cont r ol Poi nts and
Control Li nes, used to display a given picture,
which can take the values True or Fal se,
indicating whether or not the picture is displayed
with the control points and/or lines.

Figure 11. Example of B-spline applied to design.

In addition of this, different choices of the knots
vectors, control points, and orders can be taken, for
both curves and surfaces. This will be illustrated in
the case of a surface in the next example.

3.4. B-spline Surfaces

Figure 4(right) showed a typical example of a B-
spline patch, which has been built as a tensor product
of two B-spline curves (see [1, 3, 4, 5] for more
details). In this case, a periodic knot vector has been
chosen for both axes. Compare with the Bézier patch
defined by the same control points (Figure 4(left)).

The implemented commands allow us to choose
many different options. As an illustration, Figure 13
shows two B-spline surfaces: on the left, a (3,3)-
order with two nonperiodic knot vectors surface; on
the right, a (5,2)-order with a nonperiodic and a
periodic knot vectors. Differences between them can
be visually stablished.

O a
Figure 13. Two different choices of orders and knot
vectors for a B-spline surface.

3.5. Blending Surfaces

If a single parametric surface is not able to
approximate a given set of points sufficiently well,
then we may use several patches which are joined
together. Figure 14 illustrates this blending process.
Two Bézier surface patches Fy and F; (see Figure 14
(left)) are connected using a Bézier F, with C'
continuity. Following [3], pag. 269, this connection
can be achieved by a careful choice of the control
points for the Bézier surface F;. Figure 14(right)
shows the resulting blending surface.



Figure 14. c’-continuous connection of two Bézier
surfaces.

Once again following [3], Figure 15 shows another
example of blending surface: in this case, it is given
by two different curves, a circle and a ellipse.

Figure 15. Blending an ellipse and a circle.

3.6. The CAGD Package in Industry

In many industrial areas, geometric information is
stored, transmitted and manipulated in different
standard formats, like IGES, VDA, CATIA, etc.
Each of these standard formats support a different
mathematical representation of the objects. For
example, VDA uses the monomial representation,
whereas IGES supports the B-spline one (see [7] for
more details on the IGES format). Since the CAGD
package is able to deal with this last description, we
have developed an IGES-Mathematica converter.
This program allows us to have access to some
geometric entities of the electronic files from the
automotive or aerospace industries. After reading the
files, we can apply all the above described
commands to these geometric entities and introduce
the students to the industrial world.

4. Interaction with New Computer Graphics
Education Resources

Nowadays, the new technologies are changing the
usual teachers' resources for computer graphics and
visualization education. Among them, we consider
the use of the virtual reality languages and Internet.

4.1. Conversion to VRML language

Perhaps one of the most recent innovations in
computer graphics education is the appearance of the
virtual reality languages. By using these languages,

like VRML, you can navigate around and through
the graphic and manipulate it in a very easy and
intuitive way. In virtual reality, the user "lives" in the
scene. Evidently, this opens many possibilities, some
of them still unexplored, not only technical but also
in terms of students' motivation. E. Donley, at 1UP,
has developed a Mathematica package that converts
Mathematica 3D graphics into VRML format and
writes it to a .wrl file. This file can be viewed using a
variety of VRML browsers, like Netscape. For
further information, we refer the reader to [8]. This
program allows the students a better manipulation of
the graphics, adding many options not available in
the Mathematica outputs.

4.2. Use of Internet

Today, many teachers are concerned about the
possibility to take advantage of Internet as a vehicle
for communication and education. Indeed, there is a
large collection of Java programs and Web pages for
computer graphics education. In this sense,
Mathematica 3.0 and higher also allow to convert
any standard Mathematica notebook to HTML.
Unfortunately, pictures are fixed as they are
converted to GIF and JPEG formats. However, there
is a free Java applet, Li veG aphi cs3D, by M.
Kraus [9], for incorporating some kind of
interactivity (display and rotation) to these pictures
in your Web pages. Some examples can be found in

[9].
5. Conclusions

In this paper we have introduced a Mathematica
package for learning and teaching CAGD and
Computer Graphics. This package constitutes, as far
as we know, the first attempt to bring SCPs, and
specially Mathematica, to the Computer Graphics
community in an extensive way. This work arose
from our feeling that SCPs could be successfully
applied in computer graphics and visualization
education. After using the packages in some regular
courses, our experience was so satisfactory that we
are convinced now that this is one of the best tools
for introducing students to CAGD and computer
graphics.

The weakest part to be appreciated in this work is
related with the requirements in memory and
computation time that Mathematica requires, in
comparison with other programming languages. On
the contrary, the Mathematica code is shorter and
easier to understand, and many mathematical
functions are already incorporated. For example, the
students can immediately obtain a graphical



representation of the problem under analysis and its
solution without using any external visualization
program.
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Abstract

The ACM SIGGRAPH Education Committee web
site is being evolved into a Digital Library that
will be a worldwide resource for Graphics and
Visualization Education. We discuss the history of
the website, including a long-standing partnership
with the National Science Foundation, and the
current work to evolve it into a Digital Library.
Finally, we discuss a proposed vision of the future
of the Digital Library and how we plan to achieve
that vision.
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1. Introduction

The National Science Foundation (NSF) in the
United States, in conjunction with other federal
agencies, has started a major research initiative on
the design and creation of Digital Libraries. As
part of this initiative, the NSF Division of
Undergraduate Education (DUE) has a vision of a
national Digital Library to support education in
Science,  Mathematics,  Engineering, and
Technology (SMET). The goal is to leverage
previously funded NSF projects that have
developed curriculum materials, and to combine
the results of these projects, as well as future such
projects, with research into Digital Libraries to
develop useful Digital Libraries to support
education in SMET. Since these Digital Libraries
will be based on the World Wide Web (WWW)
they will be international in nature.

This paper addresses the effort to create and
enhance a Digital Library to support education in
Computer Graphics and Visualization. This is a
joint effort between the NSF and the ACM

SIGGRAPH Education Committee. As part of the
SIGGRAPH Education Committee web site

(www.education.siggraph.orgwe have had a

Computer Graphics Courseware Repository
(CGCR) for several years. This has now been
extended to Visualization, becoming the Computer

Graphics and  Visualization Courseware
Repository (CGVCR). The CGVCR is being
enhanced and is evolving into the SIGGRAPH
Education Committee Digital Library (SECDL).
This work builds on previous cooperative work
between the NSF and the Education Committee.

There are two main tasks involved in the creation
of a Digital Library to support education. The first
is the assembling and/or production of relevant
educational materials and placing them onto a web
site. The second task is the evolution of this web
site into a Digital Library.

2. Digital Libraries

A Digital Library differs from a database, web
site, or online repository in the way it is structured
and the way that users can find, access, and
retrieve the information. As the amount of
materials increases, the ability to locate the needed
materials, or even to browse the information,
becomes more difficult. New and innovative
methods of navigation are needed. In addition, the
materials should be flexible enough to be reused or
repurposed, i.e., reconfigured and easily delivered
in different sized “chunks” of information. Finally,
there should be a sense of community among the
developers and users of the materials. The vision
of a Digital Library is that of a repository of
materials wherein all of this is possible.

Now let us apply this vision to graphics and
visualization educators. A professor teaching a
course in global illumination wants to find
material on ray tracing caustics. She goes to the
SECDL, does a search, and retrieves teaching
materials consisting of text, images, and videos
illustrating the principles. She also finds relevant
portions of SIGGRAPH Conference Course notes
and links to original research papers that are
housed at the main ACM SIGGRAPH site
(www.siggraph.org) She decides to visit the SEC
World (see later discussion) to see who might be
around. There, she meets an Art professor who, as




she discusses her work, decides that he is also
interested in the same topic, but from an art

perspective. He goes to the SECDL and retrieves a
set of materials that also cover caustics, but that
are suitable for his art classes.

Another professor teaching visualization wants to
find images of all visualization techniques that
produce images that have an appearance similar to
streamlines. So, he performs a query by image
content and finds a set of images, ranked in
similarity order.

Finally, a professor teaching human modeling
techniques wants to illustrate proper and realistic
poses, but is unsure of just how to do it. She goes
to the CGVCR and finds a section on

Contrapposto with images comparing Egyptian
and Greek sculpture, as well as some by
Donatello.

The common thread in all of the above is that the
professor may have an exact idea of what he
wants, or only a vague idea and may just be
browsing. In all cases the SECDL is able to
support their needs.

Computer Graphics and Visualization are unique
in that they are of interest to a wide variety of

disciplines, e.g., engineers, mathematicians,
computer scientists, natural and physical scientists,
artists, graphics designers, animators, etc. Thus,
educators from all of these disciplines need to
have access to materials to teach their own view of
these topics. Ideally, the materials could be reused
and tailored to the different views.

3. Previous and Current Efforts on
Increasing the Materials in the
CGVCR

Previous efforts were focused on building up the
amount of educational materials available on the
Education Committee web site. The Education
Committee and the NSF have collaborated on
several previous projects to provide faculty

enhancement workshops in Computer Graphics
(1990 (NSF USE-8954402), 1993, and 1994 (NSF
DUE-9255489), and Scientific Visualization (1996

and 1997 (NSF DUE-9554692). While the primary

thrust of these projects was the faculty workshops,
some educational materials were created and
placed on the SECDL (HyperGraph and

HyperVis). In addition, there has been some
donation of materials from other sources.

We have intensified our efforts to gather and/or
produce educational materials to place on the
SECDL. A recent effort, funded by the NSF
(DUE-9752398), has been a project to develop
instructional materials to teach concepts of
Visualization. These materials are being developed
in  conjunction and accord with the
recommendations of the Education Committee
Committee on Education for Visualization
Chaired by Gitta Domik, University of Paderborn,
Germany. In June 1996, The U.K. Advisory Group
on Computer Graphics (AGOCG) lead by Anne
Mumford, held a workshop on computer graphics
and visualization education. Several of the
recommendations of that workshop are being
implemented in this project. In addition, Ken
Brodlie, University of Leeds, was funded by
AGOCG to develop a web site on Visualization
Techniques, which has now been added to the
SECDL.

We have begun to place more materials from the
annual SIGGRAPH Conference on the SECDL,
e.g., Educational Slide sets, and some SIGGRAPH
Conference Course notes. We plan to put papers
from the Educators program on the site. We also
plan to place some digitized versions of
SIGGRAPH Video Reviews on the SECDL. Of
course, all of the above depends upon getting
proper copyright permission from the original
authors. We also have been in contact with the
organizers of the annual IEEE Visualization
conference and will try to place some of these
tutorials, etc. on the SECDL.

In summary, the SECDL has a rich set of
multimedia learning materials. However, the very
richness and size of the SECDL, and the different
viewpoints and needs of the educators that want to
access it, makes the material not as accessible and
flexible as desired, which is the motivation for
these projects.

4. Digital Library Project

We have just begun another set of projects, in
collaboration with the NSF to evolve the CGVCR
into the SIGGRAPH Education Committee Digital
Library (SECDL). As discussed above, this
primarily means improving the navigation and
retrieval capabilities and the flexibility of the
materials. Some of this work is currently funded
by the NSF DUE-9816443), while some has been
proposed and we have not yet begun work on it.



4.1.Current SECDL Projects

These projects involve improving the navigation

and information retrieval aspects of the SECDL.

We are approaching this in several ways. We have
implemented a conventional search engine
(InfoSeek). However, this type of technology is

limited so we are performing research on two

other types of navigation and retrieval.

It is the opinion of many people that database
technology will play a critical role in Digital
Libraries. However, there is one important
difference between the information available on
the Web and the information usually stored in a
traditional database: the lack of "structure" in the
Web information and the strong "structure" to the
information stored in a database. Recently, the
term "semi-structured” data has been coined to
refer to the data and information such as those
stored on the Web. The SECDL falls under this
category of "semi-structured" information. We are
investigating two different data base systems that
deal with semi-structured data on the Web. We
plan to use these systems in conjunction with the
SECDL to provide ad-hoc querying and search
capabilities.

One system is Lore (Lightweight Object
Repository, a new database system, developed at
Stanford University, designed to support storage
and queries of semistructured data. In Lore, data is
self-describing, so it does not need to adhere to a
schema fixed in advance. Lore is particularly well
suited for document data, including HTML
documents available on the World Wide Web.

The second approach is Virtual database
technology, a radically different approach to
manage and query semi-structured data on the
Web. In this approach, textual data is converted to
structured relational database data and queries are
performed on the relational database. All this is
transparent to the user who is interacting with a
Web agent which receives search and query
requests and processes them by invoking data
converter modules (adaptors) and then querying a
relational database.

Virtual database technology transforms the Web
into a database, using adapters that analyze the
HTML from Web sites to present them as
relational data sources. The limited descriptive
capability of HTML necessitates manual analysis
for the creation of adapters. However, with XML
(see later discussion), the new standard for Web

publishing, the creation of these adaptors can be
automated.

We are also investigating Visual Information
Retrieval techniques, such as the Query by Image
Content (QBIC) system from IBM and the Oracle
based VIR system. These systems will allow users
to use graphical queries, e.g., either start with an
existing image or sketch a new image and request
similar images. A user will also be able to search
for videos that have parts that match a certain type
of motion, as drawn by the requester.

4.2.Proposed SECDL Projects

These projects have been submitted as proposals to
the NSF Digital Libraries Initiative and, if funded,
will commence in January, 2000. We have done,
and are continuing, some preliminary work on the
projects. These projects extend the above efforts to
increase the navigation and information retrieval
aspects of the SECDL and also directly address the
reusability problem. They also include the creation
of SEC World. These projects involve XML its
associated technologies.

The eXtensible Markup Language (XML) [1] is a

markup language for documents containing
structured information, i.e., information that
contains both content (words, pictures, etc.) and
some indication of what role that content plays. It
is different than HTML, which is a markup

language for the display of the document
information but which specifies nothing about the
information content. The XML specification

defines a standard way to add markup to
documents. Unlike HTML, XML is extensible,

i.e., you can create your own tags.

XML can be applied to any application area by
creating a Document Type Definition (DTD) for
that topic. The DTD is the set of XML tags for the
particular area and is specific to that area. DTDs
are the technology that allow standard XML tags
to be defined, and that permit different platforms
and machines to understand XML descriptions and
applications. DTDs for specific disciplines have
been previously created, e.g., for mathematics [2],
chemistry [3], and biology [4].

4.2.1. Material Reuse

For this project we will create a DTD for computer
graphics and visualization. This DTD will be

based on the results of the SIGGRAPH Education
Committee Graphics Taxonomy Project, led by



Jacquelyn Ford Morie. The goals of the Taxonomy
Project are to create a complete Taxonomy for
Computer Graphics and Visualization and to have
educators from different disciplines create
different curricular views of the topics. This DTD
will allow us to semantically markup any
document in these areas.

Another important part of XML technology is the
eXtensible Style Language, or XSL. An XSL style
sheet is an XML document containing a set of
template rules. These template rules describe how
the original XML element node is converted into
an XSL element node that can be formatted,
styled, and displayed. By having different XSL
style sheets, a set of XML documents can be
tailored to different views. We will create different
XSL style sheets in our project that correspond to
the different curricular views of educators wanting
to use the resources in the SECDL.

There is a huge effort to produce XML tools in
industry and we plan to leverage this effort. These
tools are all new and in a state of rapid flux. Over
the next six months many more such tools will
become available. An example is the IBM site
(http://ibm.alphaworks.com) which has a set of
XML tools that are freely available.

Even though the Taxonomy Project will not be
completed until August 2000, we can begin to
develop and test prototype DTD’s based on the
current version of the Taxonomy Project at the
anticipated start of this project (January 2000). As
a feasibility study, we have already begun work on
this using the current version of the Taxonomy.
We have taken part of the section on Rendering
(Lighting Models and Texture Mapping) and

created a prototype DTD from this. We have found
that this is a straightforward process, enough to
give us the confidence that, given the final, full

Taxonomy, we will be able to create a full DTD.

4.2.2. 3D Navigation of the Information Space
Navigation in a complex 3D space is a difficult
problem. The user needs to be able to have an
overview of the complete space and be able to dive
down into the details of a particular subspace. The
user should also have a trail and know which parts
of the space they have already visited. This is now
possible with the 3D Graphics technologies
associated with XML. There has been some
interest in relating XML and VRML technology.
There has been a draft DTD created for VRML
created by Bullard [5]. Lipkin [6] discusses the use

of XSL Stylesheets to dynamically generate
VRML worlds to display the results of database
gueries. Ancona [7] discusses 3DXML as a way of
describing websites and other structured
information spaces in XML and publishing them
in VRML. This would allow for 3D navigation of
the information space. For the relationship
between XML and 3D Graphics, see also [8].

The objective of this portion of our project is to be
able to generate a 3D VRML world that will
represent the particular view of the information
space generated in the first part of the project.
Assume a user in computer science has requested a
particular view of a topic area. From the first part
of the project, this query will have generated a set
of XML/HTML pages and associated materials.
This query will also generate a 3D VRML
representation of all of the materials in the form of
a hierarchical graph structure.

In this VRML world each node might be a sphere
that could contain a sub-graph structure. Sub topic
areas could be represented as translucent spheres
that the user could move into as they traveled.
There would be a nested graph structure that could
represent an information space of considerable
complexity. For example, a top-level node might
be Rendering This might then contain a sub-graph
with one of the nodes beiridghting Models This
could contain another sub-graph with nodes
representing Local lllumination and Global
lllumination models, each with additional sub-
graphs. The user can navigate in this VRML world
to find the different types of materials. The user
can pull back and look at the entire space or
traverse along the links to look at different
volumes of the space.

When the user visits a portion of the space that
node/sphere would be marked, e.g., a color
change, as having been visited. Since a user can
have more than one instance of a VRML browser,
they could simultaneously have multiple views of
the information space world.

4.2.3. Sense of Community

Developing a sense of community among Digital
Library users and developers was one of the
important issues identified at the NSF January,
1999 workshop on Digital Library research issues.
There are several ways we have addressed this in
the SECDL. The first is a simple listserve that is
used for announcements and has some discussion.
But a listserve or web discussion page is



asynchronous and not real time. A real time chat
room engenders more sense of community, but is
text based and not visual. We propose to develop a
3D virtual world that our community will be more
interested in using.

Imagine the existence of a fully 3D interactive
virtual world (SEC World) and the following
possible scenarios:

A computer science professor from California logs
in to SEC World. As she wanders around she
encounters another avatar who is an art professor
from Ohio and also a professor from the
University of Leeds, in the U.K., who teaches
visualization. They engage in a 3-way discussion
about the possibilities of incorporating aspects of
each others’ disciplines into their own courses.
The art professor mentions a book on drawing that
illustrates how certain techniques can help a
person focus in on what is important in an image
and the Leeds professor decides he will look at it
and incorporate parts of it into his class. After
further discussion the three of them decide to get
together later and submit proposals to their
respective  Universities for interdisciplinary
courses that they will jointly develop.

An engineering professor from Colorado enters
SEC World for the first time. He is just beginning
to teach courses on Engineering Graphics and he is
not sure what he is looking for and would like to
find out what all this is about. He sees an avatar
with a baseball cap that identifies her as an SEC
World Guide and goes and asks her some
questions. (He knows that she is a guide because
the Student Volunteers at the annual SIGGRAPH
Conference wear baseball caps to identify them.)
She also gives him brief descriptions of the parts
of SEC World and answers some of his questions.
He thanks her and goes to another room where
another engineer is talking with some artists.

The people in the above cases might not be faculty
but could just as easily be students who are
looking for some interdisciplinary help that might
not be readily available at their own institution.

The above is possible by the use of commercially
available Multiple User Shared Environment
(MUSE) worlds. SEC World could be created and
downloaded the first time from the central
SECDL. After that, the users could invoke this
world and enter it without downloading a large
amount of information. A complex world needs a
powerful processor and graphics card, but these

are becoming very inexpensive. The required
bandwidth is not very high since the only

information that is being transmitted is the

changing coordinates of the avatars and the text
chat. If the users use microphones, then the
bandwidth requirements are higher, but still not

excessive. These commercial worlds are designed
for users who communicate to the Internet via
28/56K modem.

Users could choose an avatar in the database or
even design a new one and upload it to the server.
The special guide mentioned above would not be a
person but an intelligent agent who would have
access to a large amount of information about the
SEC World as well as the SECDL. We are not
proposing a full natural language discourse but
only a subset.

We have experimented with both Sony
Community Place and the Blaxxun [9] community
and found that they are similar. If we create a
VRML world for one then it is trivial to convert it
to the other format.

4.2.4. EduCause IMS

A final proposed project relates again to
navigation and retrieval issues. We have been in
contact with the developers of the EduCause
Instructional Management System (IMS), an XML
based system of metadata for general instructional
navigation and retrieval. EduCause is proposing
that IMS become a standard for all educational
sites. We are planning on using the SECDL to act
as a multimedia testbed for IMS version 1.0. We
will extend the general IMS metadata to be more
specific for topics in graphics and visualization.
This project is a collateral project with those
discussed above and has also been submitted to
NSF as part of a consortium effort led by the
Collegis Research Institute.

5. Conclusion

The evolution of the current CGVCR into a full
Digital Library, the SECDL, will provide much
greater functionality for graphics and visualization
educators. Using new XML and related
technologies, we plan on increasing the flexibility
and navigation capabilities of the SECDL and
enhancing the sense of community among its
users. . The SECDL has the potential to be an
international resource that can service educators
worldwide. There are many research problems that
must be investigated and overcome before the



ideal can be realized, however once achieved, the
SECDL will provide a prototype of the educational
Digital Library of tomorrow.
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Learning 3D Visualis ation with MALUDA
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Abstract hierarchical modelling. An example of a NFF file is
illustrated in Appendix A.1.
This paper describes MALUDA system, whichin addition to support the NFF scene description
constitutes an important tool for teaching 3D-language, MALUDA also supports SIPP scene
visualisation pipeline at the laboratory classes of thedescription library [2]. A SIPP scene is built up of
Computer Graphics course at Instituto Superiorobjects (described in their local coordinates systems)

Técnico. which can be transformed with rotation, translation and
Keywords: application tool, 3D visualisation pipeline, scaling. The objects form hierarchies where each object
modelling, rasterization algorithms. can have arbitrarily many sub-objects. It allows also a
scene to be illuminated by an arbitrary number of light
1. Objectives sources of different types. In a SIPP scene is possible

to create several virtual cameras, and then specify one
The traditional 3D-visualisation pipeline is one of theof them to use when rendering the scene.
main topics to be taught in any introductory Computer
Graphics course. The MALUDA system constitutesAn important feature of MALUDA modelling
itself as an important complementary tool to learncapability is the possibility of merging a SIPP scene
about 3D visualisation. In fact, it is used at thewith one described in NFF language. Then, a user can
laboratory classes of the Computer Graphics course ask either to render the resulting scene or to export it in
Instituto  Superior Técnico, not only as a way toNFF format (containing optionally only triangles).
practice the use of a virtual camera model based-
viewing pipeline but also as a test environment for2

rasterization algorithms developed by the students. -2.Image Rendering

MALUDA provides the ability for creating 3-
dimensional scenes and rendering them using either the
internal scan-line z-buffer algorithm or an external

. . rasterization algorithm provided by the user. By
There are three main approaches a novice student | . g L .
efault, the internal rasterization engine is used in the

&%Tﬂlgir Graphics can take to make effective use 0rendering operation. This engine, through the use of the

public domain SIPP library, renders images at different
realism levels. Scene objects are rendered with either
Phong, Gouraud or flat shading. An image can also be
rendered as a line drawing of the polygon edges
without any shading at all. The SIPP library also

2. MALUDA main features

e Learning to create 3-dimensional scenes
e Understanding and observing different realism
levels of image rendering

*  Testing his own scan conversion strategy. provides 3-dimensional texture mapping with
¢ automatic interpolation of texture coordinates. Simple
2.1. Three-dimensional modelling anti-aliasing can be performed through oversampling.

A scene can be built up by using the NFF (Neutral F”il'rant_sparen“clre]sd arcf allowed i abr;d geveral shadlmg
Format) language and/or the SIPP (Simple Polygo unctions (*shaders”) are available. Some examples
Processor) scene description library generated by MALUDA by using the internal SIPP

' rasterization engine are illustrated in Appendix B.

NFF [1] is a low level scene description language in
the sense that it provides a minimal interface whichp 3. Rasterization support

allows a programmer to quickly create a scene by major feature of this tool is the ability for a student
describing the geometry and basic surfaceg provide his own rasterization function. This makes it



Two procedures can be used accordingly to thehould be instructed to output an ASCII file containing
platform to execute the rasterization algorithm isdevice dependent coordinates polygonal database,
relevant or not for the test. If execution platform is notwhich will be then used to feed the target rasterization
important, the routine containing the rasterization codealgorithm. An example of this “flat” file is shown in
developed by the student can be integrated inté&\ppendix A.2

MALUDA system to be invoked later. This procedure

is meant to check the strategy and its performanc8. MALUDA architecture

whatever the machine and operating system. Or, the

platform is important, like a parallel machine where weln figure 1, is depicted the MALUDA activity flow
are interested to experiment several parallel schemegagram

for the rasterization stage. In this case, MALUDA

NFF File
Scene
Description

World, View &
Light definitions
(SIPP 3D Library)

Export Database

Neutral File Format (NFF) o
Object Modeling
T NFF Parser Surfaces, Polygons &
Geometric Transformation

Polygon to Lo 4—‘
F ) ad Database o
Triangle Split Hierarchical Object
[y

Structure

Transformation
Local to World Yes Export ?
Coordinate System
Modelagdo e construcdo da base de dados
(importacéo e exportacao)
4
Transformagdes
eométricas Calculate Polygon
9 Normals °
@ Yes—m Backface Removal
Calculate Vertex ‘°
Averaged Normals B
v
Polygon Clipping
(Sutherland-Hodgeman) o
v
Transformation
Perspective @
v
Phong Reflection Model
(Vertex Level) e
Polygon to
0 =4 Triangle Split
Transformation
Device Dep -
Coordinates D
Gerador de saida
154 y
Export Rendering Data >
Rendering (Coordinates & RGB)  [*'®S S image
File File
R tUsvert Rasterization
:SI en‘z‘?“\“on Render ? nternal—»{ Hidden Surface Removal,
gon Interpolation & Shading

Figure 1 - MALUDA activity flow diagram



An analysis of it shows to a reader the most important ~ Appendix A — MALUDA Input/Output
modules and their associated functionality. Thus, information
accordingly to the MALUDA system description made
above, we can distinguish the following functional .
blocks: A.1 NFF File Format
v Viewpoint definition;

from 1.02285 -3.17715 -2.1745
» Reader and parser of scenes created by NFF and/Qr 5 004103 -0.004103 0216539

SIPP languages up -0.816497 -0.816497 0.816497
*  Geometric transformer angle 45

hither 1
* Output generator resolution 1024 1024

) ) ) ] ] ) | 1.87607 -18.1239 -5.00042 light source position;
At this point, is convenient to remind some importantf 10.20.2 10100000 00 surface parameters;
features of MALUDA and relate them with the 9131 L Polygon with three vertices;

numbered operations illustrated in Figure 1. 1 -0.9375 0.9375

-0.9375 -1 0.9375
MALUDA can export the input scene as a NFF filep 3
format (World Coordinates) —operation 6— or as ang-ggzg '2-903;g7é
ASCII. polygonal “flat’.’ file format (Device Depe;ndent 1 -09375 09375
Coordinates) —operation 15. The system provides alsp 4
the ability of image rendering by using either the12 12 -0.5

internal SIPP rasterization engine —operation 17- or af}2 12 0.5

external rasterization algorithm provided by the studen:tle2 1122 _6055
—operation 16. f 109 0.7 05 0.5 45.2776 0 0 New surface;
s0000.5 a sphere;

It is interesting to mention that when MALUDA is $0.272166 0.272166 0.544331 0.166667
configured to act as image renderer, diagnostic and-

statistics informations are provided by the systemp 2 pevice Dependent Coordinates Output File
Appendix A.3 shows the information provided by the sy, 512 5535 255 Maximum resolution (x,y,z and colour);

system when the default SIPP rasterization engine is20838 Total number of polygons;
being used. 1 Separator;
3100 50 Polygon with 3 vertices and Ymax/Ymin;
40 100 89 30 128 30 (x,y,2) and (RGB)
References 50 80 89 30 128 30
60 50 89 30 128 30
1] Eric Haines, "A Proposal for Standard 411 110 40 Polygon with 4 vertices and Ymax/Ymin;
Graph!c Enwronmer_ns ; INEEE Computer 40 40 89 30 128 30 ’
Graphics and ApplicationsVol 17, n°l11, 50 110 89 30 128 30
November 1987, pp 3-5 60 50 89 30 128 30

55 60 89 30 128 30

[2] J. Yngvesson, |. Wallin; “User’s Guide to 127
SIPP —a 3D rendering library”, version 3.1,
Public Domain Software via anonymous ftp
from isy.liu.se (IP n° 130.236.1.3) in the
directory /pub/sipp; March 1993

End of file;



A.3 Diagnostic and Statistics information

NFF scene will be imported!
Pipeline: Parsing NFF file, wait...

Pipeline: Imported 129 surfaces with 9345 polygons, 0 spheres and 0
cones.

Pipeline: NFF parser done

Pipeline: Hither:1.00,Yon:15.00,

Pipeline: Be aware that some SIPP and user defined view parameteResolution(X,Y,Z,Color):1024,1024,1024,512

will be override by NFF parameters!

Pipeline: NFF background loaded
Pipeline: NFF view parameters loaded

Pipeline: NFF light loaded (6.00 6.00 6.00) (1.00 1.00 1.00)

Pipeline: NFF surface with 1 polygons
(0.30,0.60,0.30,5,1.00,0.85,0.70)
Pipeline: NFF surface with 1 polygons
(0.30,0.00,0.20,5,1.00,0.61,0.41)
Pipeline: NFF surface with 145 polygons
(0.30,0.00,0.20,5,1.00,0.61,0.41)
Pipeline: NFF surface with 1 polygons
(0.30,0.00,1.00,5,1.00,1.00,1.00)
Pipeline: NFF surface with 145 polygons
(0.30,0.00,1.00,5,1.00,1.00,1.00)
Pipeline: NFF surface with 1 polygons
(0.30,0.00,1.00,5,0.02,0.67,1.00)
Pipeline: NFF surface with 145 polygons
(0.30,0.00,1.00,5,0.02,0.67,1.00)
Pipeline: NFF surface with 1 polygons
(0.30,0.00,1.00,5,0.21,1.00,0.01)

Pipeline: NFF surface with 145 polygons
(0.30,0.00,1.00,5,1.00,0.26,0.75)

Pipeline: Pipeline creating render data, wait...

Timer started Geometric Transformations start;

Pipeline: Image file to be created: 'pipe.ppm'

Pipeline: Objects loaded: 3

Pipeline: Surfaces loaded: 129

Pipeline: Polygons loaded: 9345

Pipeline: Polygons ready to be rendered by SIPP! Geometric
Transformations end;

Timer Stopped (Elapsed: 2.108s, User: 2.023s, System: 0.066s)
Pipeline: SIPP rendering, wait...

Timer started Rasterization stage;

Pipeline: Render Mode: Gouraud Método de sombreamento;
Pipeline: SIPP rasterization done!

Timer Stopped (Elapsed: 112.693s, User: 108.058s, System: 1.053s)

Pipeline: Successful End

Pipeline: Polygons backfacing: 4864
Pipeline: Polygons totally clipped: 39
Pipeline: Polygons splited to triangles: 0
Pipeline: Polygons rendered: 4442
Pipeline: Releasing resources...!
Pipeline: Release complete

Appendix B — Different types of image rendering with SIPP rasterization

Teapot - Wire—FraemodeI

Teapot— Flat shading



Appendix B — Different types of image rendering with SIPP rasterization (cont.)

Teapot-Gouraud shading Teapet Phong Shading

Mount with transparent spheres Teapot clipped by Sutherland-Hodgman




Teaching the Graphics Processing Pipeline:
Cosmetic and Geometric Attribute Implications
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Abstract

The pipeline processing model for computer
graphics typically includes stages for interpreting
the display list <object entity descriptions, picture
abstraction>, geometric  manipulation  <scaling,
rotational, skewing transformations>, raster rendering
<scanline conversion, dot image approximation>, and
finally presentation <scanline refresh, image display>.
At what point in the graphics processing pipeline
do attributes actually become associated with
picture entities? The answer depends upon the
type of attribute and the specification intent for the
attribute. | believe it is instructive for students to
overtly and consciously become aware attributes
such as line width and line style can have various
interpretations. Cosmetic attributes are applied
post-transformation; geometric attributes are
applied pre-transformation. Two different types of
clipping also can be considered as scissor clipping
in post-rasterization discrete pixel space or as
analytic clipping in pre-rasterization continuous
space.

Keywords:  computer graphics attributes:
cosmetic & geometric

1. Introduction

Is line width a purely cosmetic effect meant to
mimic a finely sharpened ‘thin’ pencil or widely
worn ‘fat’ pencil line thickness? In this case, line
width is associated with geometric entities post-
transformation. Engineering line weights are
cosmetic attributes applied by a draftsman.
Cosmetic attributes do not scale, skew, or
otherwise distort. Asking for an architectural
drawing to be redone on a paper twice as long and
twice as wide treats line width as a cosmetic
attribute since pens or pencils used will be the
same as those used in the smaller original
rendering. Pen nib selection or choice of pencil
lead width determines line thickness in this
cosmetic attribute instance.

Is line width a geometric property inherent in the
original display list abstraction meant to mimic

photographic enlargement? In this case, line width
will be associated with geometric entities pre-
transformation. Having created areas for formerly
zero-width lines, those areas must be processed
through the full transformation stage with the
effect that line width area can be scaled, skewed,
or otherwise distorted. Pressing the enlargement
by 2 button on a xerographic copier applies line
width as a geometric attribute. Use of an overhead
projector to produce large lines on a viewing
screen some distance away from the projector is
another example of a geometric interpretation of
the attribute line width. Drawing or writing on an
inflated balloon then letting much of the air escape
is a 3-D example of a shrinking figure size,
geometric width reduction.

Do dashes in a line style transform from rectangles
to parallelograms with sharp points? Yes, they can,
if one elects to apply line style as a geometric or
pre-transformation attribute. Treated as a cosmetic
or post-transformation attribute dashes will keep
their rectangular shape. The basic question to
resolve in one’s reference model is whether a
picture is first conceptually rendered, then has
attributes applied, and is subsequently transformed
and displayed or whether a picture is first
transformed, then has attributes applied, and is
subsequently displayed.

Both approaches are valid. Students should
appreciate the subtleties and interactions involved
in each reference model approach for attribute
application. | prefer the more mnemonic
nomenclature | first heard used by Dr. Brian
Middleton: ‘cosmetic’ and ‘geometric’ attributes.

2. Motivation

Presenting simple line style implementation
alternatives offers a good opportunity to reinforce
transformation  concepts. | use  rounded,
semicircular end caps that transform into elliptical
caps for dashed lines as a simple example. One can
readily derive the equation for the resulting
ellipses ...but it can be messy to implement in



graphics hardware or software. If one
approximates an original semicircle by chords
along its perimeter, then, since lines always
transform into lines, implementation is facilitated
at reduced cost with concomitant reduced accuracy
<fidelity>. The chords do introduce an early
approximation; all approximation errors then
subsequently propagate with the possibility that
recognizable, visual degradation can be the result.

Clipping is another processing stage that can have
alternative reference models. Should one first
raster, at least conceptually raster, the full picture
in infinite raster space then cut out the small
viewing window to be actually displayed? Or,
should one first clip the picture abstraction entities
to an appropriately small viewing window and
then raster that post-clip result. The latter is
commonplace but it, too, introduces approximation
error earlier than need be the case.

A fairly easy demonstration of the two clipping
effects can be to first raster a full screen display of
a picture. Blank out a small rectangle, perhaps for
a pop up menu, then clip the abstract picture to
retain just the portion for this small blank
rectangle. Finally, render that newly clipped small
part of the abstract picture to heal and restore the
original full display picture. Discontinuities, likely,
and undesirable mismatches off by a few pixels
will be visible in analytic clipping.

Alternatively, consider blanking the same area for
the small rectangular menu. This time, though,
let’s assume a fully rastered copy of the original
picture has been retained in a second,
nondisplayed buffer. Bit-Blit <copy> the pixels
temporarily subsumed by the menu back into the
displayed picture to restore the area overwritten by
the small menu. Likely the result is different from
the previously described restoration process; the
picture will seamlessly be restored with no
discontinuities in scissor clipping.

Here | like the term used by Dr. Bryan Roberts:
scissor clipping to describe the model in which
one first conceptually renders a pixel space picture
then clips as is the case with the Bit-Blit approach.
The alternative reference model in which one first
clips the picture abstraction in continuous
coordinates before rendering, then paints the
clipped entity in discrete pixel space | refer to as
analytic clipping.

The graphics pipeline can be used to demonstrate
different visible results one can obtain even for the

simple attributes line width, line style, and
clipping. Students can try a few examples to see
for themselves how important a good
understanding of one’s underlying reference model
is. The alternative models also offer opportunity to
discuss introduction of early approximations with
attendant error accumulation build-up.

3. Attribute Reference Model

Before implementing any graphics interface, it is
essential to have a clear conceptual model in mind.
Otherwise, well-meaning individuals may interpret a
common specification differently owing to
preconceived notions of where in the graphics
processing pipeline an individual assumes attribute
associations operations take place.

Clipping produces different visual results depending
upon whether one performs a mathematical clip of
theoretical, zero width loci of geometric entity
boundaries or whether one first rasters then scissor
clips the realized picture in raster space. A different
picture will be drawn by those who consider a logic
operation such as exclusive or to be applied after a
polyline is drawn conceptually in an off-screen space
then exclusive or’d to the displayed picture frame
buffer. Those who consider logic operations to apply
in an on-screen pixel by pixel manner dependent
upon the algorithmic sequence by which the
graphics system generates geometric entities during
rendering will typically achieve a different visual
effect.

A proper reference model should trivially let us
answer questions such as: Do circular dots and
rectangular dashes in a line style transform from
circles to ellipses and from rectangles to
parallelograms? Do wide lines join smoothly or will
mitering be appropriate even though sharp spikes
may result at the joining point? With a good
reference model and agreed upon stages at which
attribute actions are to be implemented in the
graphics processing pipeline, if we don't like the
answer, we should be able to change the reference
model to achieve the result we really intended.

4. Example: Line Width & Line Style

Let's examine a few implications of two possible
reference models that can be used in pipeline
processing of Line Width and Line Style and
interaction with general transformation and drawing
mode. I'll call my alternatives:

1. Geometric <Stretched Rubber S heet>

2. Cosmetic <Mul tiple Pen Nib S izes>



Lines are specified by two end points such as
LINE(Xo,Yo,X1,y1) for the line from (Xo,Yo) t0 (X1,Y4).
Lines and any other geometric entity can be
transformed by rotation, scaling, translation and
shearing by use of a concatenated general 2-D
transformation of the form:

@ ¢ 0
[u v 1]=[x y 1]gb d 03
ge f 1H

The result for any affine transformation of a line is
another line so, abstractly at least, we would have a
line from (up,vo) to (uy,vy) as the result of
transformation. What we don't explicitly know is the
effect expected from transformation of either line
width or line style. The visual effect achieved by
applying attributes before transformation can
produce distinctly different pictures from that which
would result from applying attributes only after all
transformation is completed.

Line width typically is taken to be perpendicular to
the defining line. Often specifications for line width
fail to specify end point shape for area closure.
What, then, shall we transform when dealing with a
line width since, in reality, we must treat areas?
What other effects interact with the process; what
shapes are employed in line style?

Graphic primitives <lines, rectangles, elliptical arcs, ...>
enter the pipeline with defining points in an abstract
world coordinate space. The defining points imply a
complete geometric locus which represents the
infinitely thin, geometric abstraction of the graphic
primitive form <contour or outline> in original, pre-
transformation space. The essence of the pipeline
processing is to collect associated attributes <such
decl arati ons as |ine width, line styl e, dr awing m ode, and clippi ng
values> then to render conceptually the geometric
form. The first conceptual rendering of the full locus
in abstract model space is then subjected to an affine
transformation <which can be the cumulative result of
concatenation of multiple transformations> for composite
scaling, rotation, translation, and shearing. The
resulting post-transformation, conceptually abstract,
picture obtained from the locus transformation
potentially is clipped before then being mapped to
device coordinate space.

When line width is implied in a geometric sense,
graphic primitives such as a line, rectangle or ellipse
inherently have an area definition. In the absence of

closure of the area owing to lack of line end shape
specification, we could consider various possibilities
for width processing. An implementation can define
an end shape or end cap such as axially sheared,
perpendicularly butted, semicircular, or triangular.
For a perpendicular butt, we may want to use either a
true end point reference or an extended end point
reference in anticipation of joining line segments to
form, say, aright angle corner.

With an anisotropic transformation, semicircular end
caps can be seen ultimately on the display surface as
partial ellipses capping ends of lines. As an example,
try a reference line segment from (0,0) to (4,0) with
a line width of two units on each side of the
reference line. Let transformation matrix parameters
be: a=2, b=2, ¢=3, d=1, e=0, and f=0. A pre-
transformation semicircle centered at the origin
could be the leftmost end cap joining the ‘wide line'
end points (0,2) and (0,-2); a comparable semicircle
centered at (4,0) could join the rightmost end cap
points from (4,-2) and (4,2). Notice the two
semicircles are drawn anticlockwise (CCW).

Applying the transformation yields boundary wide
line segments from (4,2) to (12,14) and from (-4,-2)
to (4,10). Should you sketch the result of connecting
the post-transformation end points from (4,2) to
(-4,-2) with an origin centered semicircle having
radius 2G5 and the other two endpoints from (4,10)
to (12,14) with a comparable circle centered at
(8,12) you can observe the effect is aesthetically
lacking. With dot-dash line styles, it is important to
keep the proper sense of directional movement
consistent with the effect of a transformation. Notice
here that the two semicircles would now properly be
drawn clockwise (CW). Line style can cause a
viewer to be aware of the direction in which aline is
drawn. Attention must be paid to sense of movement
after transformation.

A more consistent visual effect is to transform the
appropriate semicircle from x* +y* -4 = 0 into the
appropriate portion of the ellipse 10u? -16uv +8v* -
64 = 0 for the transformed 'leftmost’ end cap to close
an end of the wide line. With geometric
transformation of graphic entities, a question
implementers must answer is what shape is a dot or
dash in aline invoking line style as an attribute.

If the graphics system is to provide inherent
support for such attributes as width of a line or
dot-dash style of a line as a geometric attribute,
then reproduction of effects such as would be the
case for stretching a rubber sheet or a 150% copier
enlargement can guide our decision regarding



geometric attributes. The rubber sheet or
magnifying glass model for functionality
encourages a geometric interpretation of the
attributes line width and line style.

By contrast, consider a different physical model to
be the motivating reference for a computer
graphics functional capability. Architectural and
engineering drawings have a number of standard
paper sizes. An ‘A’ size and an 'E' size drawing can
be produced for the same picture content.
Typically a draftsman will use the same mix of
pen nib sizes in both drawings. Within any
drawing, a draftsman likely will use several
different pen nibs for line width to represent
different meanings. For example, a map will use
very thin lines for unimproved, secondary roads
and will use much thicker lines for major
superhighways or a dual carriageway.

A quill pen writing instrument can provide an
analogy for cosmetic line width. Suppose a
draftsman keeps a collection of ostrich, turkey,
chicken, pigeon, sparrow, and hummingbird
feathers. The choice of feather quill <pen nib> thus
determines line width <weight>.

Patterns within an area may have symbolic meaning.
Civil engineering applications need to represent
concrete and other materials. Line patterns are one
way of representing the material. If such a drawing
is replicated on larger size paper, the lines
representing the pattern for concrete should not have
width enlarged. The effect to be reproduced by a
computer graphics package is provision of a
selection of line widths for cosmetic visual effect. In
this situation line width and end cap shapes and dot-
dashes should not be subject to transformation per
se. The multiple pen nib size model for functionality
ties a cosmetic interpretation to the attributes Line
Width and Line Style.

From my development days as a graphics system
implementer, I'll mention in passing that line style
needs careful attention to consistency. Even in
drawing a full circle, care must be taken to have the
starting point on the circumference change so that
rotated full circles in a pseudo-animation sequence
have cosmetic line style properly rotated.

5. Clipping

Clipping is another task to which multiple
interpretations can be applied. Many textbooks deal
only with mathematical clipping, that is, traditional
geometric intersection calculations. In traditional

geometry, parallel lines never meet or share a
common point. Non-parallel lines do intersect and
share one and only one common point. Such is not
the case in raster graphics. Parallel lines can share
common pixels and non-parallel lines can intersect
in more than one common pixel in a raster
environment. The line segment from (1,1) to (6,4) is
parallel to the line segment from (0,0) to (5,3) yet
their rastered representations share three pixels in
common. The line segment from (0,0) to (5,4) and
the line segment from (0,0) to (5,3) intersect
geometrically only at the origin yet their rastered
representations share three pixels in common.

With raster graphics, it makes a noticeable, visible
difference whether one analytically clips a line
segment locus then rasters the shortened line
segment or whether one just straightforwardly
rasters the full line segment onto a much larger
canvas then cuts out the smaller ‘clip window' of
interest <sci ssor cli pping>. | consider a pre-rastering clip
to be an algebraic or mathematical clip or, that is, a
traditional geometric clip. | consider a post-raster
clip to be a scissor clip.

Raster pixels, conceptually, are small, zero-area dots
centered at the integer grid intersection points <lattice
points> Of a rectangular, Cartesian coordinate system
in which both the vertical and horizontal grid line
spacing between pixels is unity. A clip border will
be a line segment specified by its beginning and
ending pixel coordinates. Pixels falling exactly on a
border line segment are, by definition here, within
the picture.

Analytical clipping examines the mathematical
locus of each graphic entity without regard to its
attributes. Any portion of an infinitely thin line
outside the active clip window is discarded. Only
that portion of the idealized line segment, now with
new, likely fractional, end points is retained. If any
portion of the line segment does lie within the clip
window, then attributes such as width and style are
applied. When a line segment’s mathematical locus
lies wholly outside the clip window, it is discarded in
its entirety and no portion of its widened
representation is drawn even if the widened portion
would fall inside the clip window.

Cosmetic clipping can be thought of as first
rendering an entire picture on an infinite area canvas
then subsequently using a pair of scissors to cut out
the clipped window of interest. | think of scissor
clipping as 'raster first then clip'. | think of analytic
clipping as 'mathematically clip first’ then raster.



Suppose a rectangular clip area is specified to have
sides parallel to the axes. Let the area be, border
inclusive, defined by the area surrounded by the four
lines y=0, x=10, y=6, x=1. Seven-pixel wide lines
having three pixels on each side of the respective
reference line segments could be the line segment
from (9,0) to (9,8) {the line x=9} and the line
segment from (0,7) to (10,7) {the line y=T7}.
Analytic clipping would reject completely the line
y=7 while the line from (9,0) to (9,8) would be
revised to a shorter line segment from (9,0) to (9,6).
Scissor clipping would retain both lines for
conceptual rastering followed by ascissor clip.

Assume an identity matrix transformation. Analytic
clipping would display for the line x=9 the 35 pixels
inside the clip area. The line y=7 would contribute
zero pixels.

Scissor clipping would display 50 pixels derived
from each of the two original lines x=9 and y=7.
While the reference line y=7 per se and its 'upper
wide pixels' and 'leftmost pixels' would be discarded,
y=7 would contribute 30 pixels bounded by the
rectangle formed from lines y=4, x=10, y=6 and
x=1. The line x=9 would need to contribute its 35
pixels within the clip area. The resulting picture is
that which would come from rastering the full lines
then using a pair of scissors to cut out the clip area
from the post-rastered picture. With scissor clipping,
a large picture could be generated in successive
swathes. For any form of raster monitor or dot-
matrix printer using a bit map image and having
limited memory, a picture drawn as successive
swathes should be identical to the same picture
drawn from a single rastering of the full picture into
a very large memory.

For future reference, I'll note here that I've
consciously double counted in individual Scissor
clipping line segments the pixels in a rectangle
bounded, edge inclusive, by y=4, x=10, y=6 and
x=6. In a replacement pixel drawing mode it won't
affect the final picture seen on a display. In an
‘Exclusive OR’ drawing mode, what should happen
to doubly drawn pixels?

Now let's consider some specific rastering situations
which can arise. I'll contrive my example to offer
integer intersections of lines and shall not cover
additional considerations arising from non-integer
intersections. Let the lower clip boundary be y=1
and the rightmost boundary be x=9. The leftmost
clip boundary can be x=0 and the upper boundary
can be y=3. For reference here, I'll claim a line
segment from (0,0) to (27,3) will raster to:

5 pixels on scanline y=0 from x=00 to 04
9 pixels on scanline y=1 from x=05 to 13
9 pixels on scanline y=2 from x=14 to 22
5 pixels on scanline y=3 from x=23 to 27

The line segment from (0,0) to (27,3) intersects the
boundary line y=1 at (9,1). It also intersects the
boundary line x=9 at (9,1). Mathematical
intersection leaves a single point. Even a single
width, scissored line should draw the 5 pixels at
(5,1) (6,1) (7,1) (8,1) and (9,1); they clearly are
within the boundary inclusive clip area. With wide
lines, some sense of slope would be needed to
determine how to do widening for this analytic clip
instance of a single point (9,1)..

To continue the example, suppose the rightmost clip
boundary were x=8. The line segment from (0,0) to
(27,3) mathematically has its theoretical locus
wholly outside the clip area.. Scissor clipping would
present the four pixels (5,1) (6,1) (7,1) (8,1).

Next let the clip boundaries be given by y=0, x=23,
y=3 and x=4. A textbook clip would produce the line
segment from (4,4/9) to (23,23/9). Rounding to
raster a perturbed line segment from (4,0) to (23,3) is
not particularly accurate.

Actually rastering a line with a repetitive algorithm
is not necessary to determine starting or terminating
run lengths. The pixels too can be simply a direct
mathematical evaluation or a run length slice
evaluation. Cognizance also must be taken of the
boundary line and its crossing direction. In the above
example, in which an 'integer' boundary line y=K is
examined for intersection with an Xx-major line
Y=Yo+((Y1-Yo)/ (X1-X0))(X-Xo), one can use y=K-_ to
calculate one extreme of the run along the scanline
y=K and use y=K+_ to calculate the other end of the
run along the lower boundary. Clipping for raster
devices also will need to process consistently equal
error measure instances such as described by
Boothroyd and Hamilton.

6. Drawing Mode

Drawing modes <such asReplace, Or, And, Exclusi ve Or , ...>
are not uncommon as a computer graphics attribute.
The question for a user can be: OK, | know what the
dichotomous logic operation AND is; what are the
operands for this binary operation on pixels? Does
drawing mode affect a graphics entity such as a line
as a whole or is it a combinatorial specification
merely for pixels or is it meant to affect only bits
within an  implementation-specific,  position
dependent, ordered bit sequence internal



representation of a pixel before color table
expansion? What's correct depends upon one's
reference model.

For simplicity, | shall restrict my brief discussion
of drawing modes to a monochrome or bi-level
raster display environment in which a bit plane is
used to refresh a display device. Pixels can be ON
or OFF.

Exclusive Or (EXOR) is a drawing mode which
usually can be relied upon to illustrate different
picture presentation depending upon one's choice
of reference model. It also is a good test to verify
quirks in an algorithm; incautious use of 8-way
symmetry in an incremental circle generation is
exposed when drawing in EXOR mode if octant
end points are doubly dotted.

In a Polyline from (0,0) to (3,0) to (7,0), how
many times is the pixel at (3,0) drawn? If it is both
the last pixel in the first line and the first pixel of
the second line, it disappears owing to being
drawn twice. A convention such as the first line
segment in a polyline owns both its first and last
pixel while all other line segments do not own
their first pixel would cause a single drawing of
the pixel at (3,0). What would it do for contiguous
lines used to outline a closed simple area? Would
pixels still be 'double dotted'?

Joined line segments with a small angle between
them often share many pixels in common. Raster the
polyline from (0,0) to (10,0) to (0,1). What should be
expected using an EXOR drawing mode? The
convention described in the preceding paragraph
could leave the pixel at (10,0) visible but rather
lonesome as its immediate neighbors would have
disappeared owing to double dotting.

7. Conclusion

At the rendering level and for the display processing
pipeline it is key to define clearly what objective or
viewable action is intended. Parts of a graphics
system can not be specified in a vacuum. If a
reference model is established first, then decisions
regarding implementation details can be made more
consistently.
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Abstract

Computer science students contemplating a career in
graphics need to develop a visual sense, but traditional
course topics do not meet thisneed. Visual analysisis
a teaching technique developed for computer science
instructors that helps impart this ability. Through the
use of a few visual cues, students learn to visually
identify surface algorithms, shaders and lighting
techniques. An interactive software package called
TERA (Tool for Exploring Rendering Algorithms)
provides nearly a million image combinations that
students can use to practice their visual identification
skills.

Keywords: algorithm visualisation, computer graphics
education.

1. Background

For a successful career in computer graphics, computer
science majors need to develop a visual sense in
addition to their technical knowledge. Computer
science graduates hired by the graphics industry will
work side-by-side with artists, and it is essentia for
effective communication that they have an appreciation
and enthusiasm for the visual aspects of the field. In
addition to programming skills and knowledge of
operating systems, recent labor market analyses list
“strong visua style sense” and “understanding how
artistic elements work with technical elements” as
desirable traits for programmers and technical directors
[1,2]. An increasing number of graphics houses want
to see ademo red or a portfolio from computer science
graduates who count Unix shell scripting, C++
programming and the mathematical derivation of
NURBS in their skill set.

There are many exemplary resources [3, 4] and
learning tools that allow students to examine aspects of
geometry [5, 6, 7, 8, 9, 10Q], rasterisation [6, 11],
illumination [6, 12, 13, 14] and the entire 3D
rendering pipeline [13]. These present visualisations
that a student can use to explore and study an algorithm
inisolation. Thisis a sound pedagogical approach for
a first introduction, but eventually a student will need
to understand an algorithm’s behavior in co-operation

with other algorithms and in the context of a finished
image.

Unlike other specialities in computer science, the
choice of a graphics algorithm usually cannot be based
solely upon space, speed and implementation
considerations. Equa in importance to time and
memory requirements is the visua effect that a
graphics algorithm produces. In fact, visud
appearance will be the overriding factor for some
applications. Visual understanding is essentia to
developing and debugging new algorithms.  For
example, when writing a shader, a programmer looks at
a rendered sample, analyses how its appearance differs
from the ideal and uses the information thus gained to
refine the shader. An essential aspect to developing a
visua sensibility is the ability to identify and compare
rendering algorithms. Visual knowledge can prepare
students to answer such red-life questions as,
“Algorithm X gives us exactly the effect we want, but
it is prohibitively expensive. Can we get a similar
effect by tweaking our implementation of Algorithm
Y?

Although the graphics industry desires a developed
visual sensibility in new computer science graduates,
there is no place in the traditional curriculum where
students can gain this knowledge. The discipline of
computer science draws on mathematics and
emphasises algorithm study and development, which
are amost entirely text-based and involve little
visualisation. Computer science instructors often view
the prospect of discussing the visual aspects of
computer graphics as a daunting, if not overwhelming
endeavor. Typical reactionsinclude

I’m not an artist! How am | supposed to gain
the requisite background to teach this?

| don't have time for thisin class — | have too
many algorithms to cover asit is.

Both reactions are understandable and justifiable.
Computer science instructors are not artists and their
goa does not include producing artists. Further, there
is an enormous amount of technical knowledge in the
computer graphics discipline, and attempting to decide



what topics belong in an introductory course has been
the topic of many papers. Any approach to the
problem of inculcating a visual sensibility has to be
one that does not take up much lecture time and
congtitutes a teaching method that computer science
instructors are willing to try.  This paper proposes that
visual analysis is one approach that fits these
constraints.

2. Visual Analysis

examining works of art [16]. Studentsin the visual arts
learn to describe and compare works in terms of
design, concept and media.

Instead of design, concept and media, visua analysis
teaches students to recognise a small number of visual
cues, including:

visibility of polygon faces or polygon edges
transition from light to dark on diffuse-reflecting

Visual analysis is a teaching technique developed surfaces
specifically for computer science instructors that
imparts this knowledge [15]. The technique stems from

critical analysis, which establishes a structure for

color and shape of specular highlights
presence of transparency, reflection, refraction,
patterns and textures

1. First, determine the surface algorithm.

3. Determine additional surface interest (both z-buffer and ray tracing)
Image appears to have been pasted or glued onto object.
Object appears to have been carved from a solid substance like stone or
wood.
Object surface appears rough or wrinkled, but its profile is smooth.

4. Light sources
Harsh shadow / lighter shadow.
Sharply defined shadow.
Presence of a penumbra, but degree of shade is constant within penumbra.
Color bleeding; deepening of shadow in corners, under furniture.

Table 1: Visual cues and algorithms
(visual equivalencies omitted).

Appearance Algorithm
Outlined polygons. Object’sfar sidesarevisible. Uninterrupted horizon Wireframe
lines.
Outlined polygons. An object’s far sides are not visible. Occluded objects ~ Hidden-line removal
areinvisible.
Filled-in polygons. Presence of refraction in transparent objects. (Presence  Ray tracing
of reflection, shadows are also helpful)
Filled-in polygons. No refraction, reflection or shadows. Z-buffer
2. Determine the shader.
For Z-buffer
One color per object. Objects appear flat, asif cut from paper. Constant
One color per polygon. Objects now appear to have a shaded contour. Faceted
Smooth transitions from light to dark. Specular highlights follow polygon Gouraud
edges.
Smooth transitions from light to dark. Specular highlights are white, Phong
compact and elliptical. “Shiny plastic” look.
For ray tracing
Opague, colored surface. No highlight. Diffuse
Opaque, colored surface with highlight. Diffuse and Specular
Transparent object that appears to bend light. Transparency
Part of sceneisvisible in the surface of the object. Reflection

2-D texture mapping
3-D texture mapping

Bump mapping

Low/high ambient
Point light
Arealight
Radiosity
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Figure 1: Three visual cues identify four surface algorithms.

sharpness of shadow
interactions between adjacent diffuse reflectors
(color bleeding)

These cues are usualy sufficient to identify arendering
algorithm as Table 1 demonstrates. Informal studies
have shown that both instructors and students find this
list of cues non-threatening and easy to spot in an
image. By learning to observe and describe these
cues, students are able to identify rendering algorithms.

3. Classroom Presentation

In the first lecture, the teacher discusses images
portraying three or four algorithms that produce starkly
different effects. For example, the four surface
algorithms of wireframe, hidden-line, ray tracing and
z-buffer create distinctive effects and can be
distinguished by the use of only three visual cues. See
Figure 1. Each week, the teacher adds more agorithms,
and by the midterm, the class has examined all
commonly used rendering algorithms.  Until the
midterm, the teacher emphasises the characteristic
visual behavior of the algorithms. After the midterm,
the teacher shows how multiple algorithms can achieve
equivalent effects. By the end of the course, students
learn to identify the surface algorithm, shaders and
types of light sources.

While discussing a visual cue, the teacher presents two
or three images that demonstrate it. After explaining
the visual cue, the teacher gives the name of the
algorithm that creates the cue. The teacher then shows
a short series of images and invites students to identify
the visual cues and then suggest a rendering algorithm.
Students should specify the cues first so that they learn
to spot them in the context of an image. Any
premature guesses as to the identity of the rendering
algorithm are met with the response, “Cues first!”.

After the first class meeting, discussions on visua
analysis begin with a short series of images that review
the rendering agorithms from the previous meeting.
Students first name the visual cues and then suggest a
rendering algorithm.

The methodology requires only five minutes of an
hour-long lecture. Such a small amount of time will
not significantly impact the presentation of other
topics, especialy if the teacher covers visual analysis
during the last five minutes, when student focus is
beginning to wander. In fact, there is a way of
presenting this material without using any lecture time
at all, aswill be discussed in the next section.

4. Study Materials

Students need to practice visual analysis outside of the
classroom.  While posting images on the Web or
pointing out examples in textbooks is a start, students
say that they benefit more from the question-and-
answer sessions held at the end of a lecture. Simply
looking at images does not promote active learning.

Having students learn a rendering package helps a bit
because students can choose parameters and view the
resulting images. However it takes a significant
amount of time to learn a package, and since the
students have a priori knowledge of the surface and
shading algorithms, this approach does not provide a
student with a means of self assessment. A better
approach is to provide students with an easy-to-use
interactive tool that can demonstrate any rendering or
shading algorithm while encouraging active learning.

TERA (Tool for Exploring Rendering Algorithms) is
an interactive program that facilitates comparative
study of the visua effects of rendering algorithms [17].
See Figure 2 for an annotated screen dump of TERA.
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Figure 2: A sample TERA session.

A student can choose a scene and select a rendering
algorithm for any object in the scene.  Students can
practice visua analysis using TERA. In “Self Quiz”
mode, students select a scene, and TERA presents it
with each object rendered by a random agorithm.
Students then guess the rendering algorithm for each
object in the scene. TERA responds with “Correct”,
“Try Again” or “Close Enough”.

The “Close Enough” response is for those cases where
multiple algorithms produce similar visua effects. For
instance, Gouraud and Phong shading produce similar
effects when no highlight is present.

Always available is the “Tell me more” button, which
provides specific feedback about a student's last
algorithm selection. When a student is in “Explore’
mode, the “ Tell Me More” button will activate a popup
window describing the relevant visua cues. In “Self
Quiz’ mode, when students get a response of “Close
Enough”, they can click on “Tell Me More” for an
explanation. A pop-up window will list the algorithm
they picked, the actual algorithm and a specific
explanation of why the two algorithms produced
effects that are visually equivalent. For example, if a
flat surface is very evenly lit, then Gouraud shading
may produce variations in shade that are so subtle that
the result looks like constant shading. In this situation,

if a student picks “constant” and receives the “Close
Enough” response, the “Tell Me More” button will
activate a pop-up window containing the relevant
explanation. See Figure 3.

The new version of TERA is capable of creating nearly
a million images for students to analyse. The images
cover surface algorithms, z-buffer shaders, ray tracing
shaders, texture mapping, bump mapping, lighting and
visual equivalencies.

Some teachers do not discuss visual analysis in the
classroom, but give a short demonstration of TERA
and tell students that TERA is available in the lab.
TERA has enough appeal that students are drawn to it,
and they spend enough time with it that they can score
reasonably well on avisua identification test [18].

5. Resaults and Feedback

In my experience, visual analysis adds excitement and
a sense of the “big picture’ to introductory graphics
courses. Students may not be able to implement every
rendering algorithm when they leave the course, but
they will be able to recognise them and know their
names, which provides a starting point for further
investigation.
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Figure 3: TERA in “Self Quiz” mode.

A visua sensibility, fostered by visua anaysis,
enhances a depth of knowledge of those rendering
algorithms that students do implement. Because they
are aready familiar with the visual behavior of the
algorithm, they have expectations of how an image
should appear and can perform more of their
debugging on their own without outside help. Students
no longer ask, “Is it right?” They state, “There's
something wrong with my highlight.”

A very exciting development is the favorable feedback
from digital artists. This approach promises to help art
students “grasp the differences between light models,
surface algorithms and shaders’ [19]. Further work
includes the exploration of developing the approach to
expand the possibilities of better communication
between digital artists and computer scientists.

(1]

(2]

(3]

[4]
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Abstract methods for optimised display management
including spatial management, culling, interaction

This paper describes some experiences with the used navigation, and control of conventional and VR
of the MAVERIK system for supporting input and output devices. MAVERIK’s structure
undergraduate and postgraduate teaching andallows these default methods to be customised to
research. MAVERIK is a high-level system foroperate directly on application data, so that optimal
creating and managing interactive virtual representations and algorithms can be employed.
environments. It is available free under the GNU
General Public Licence. MAVERIK is modular and The MAVERIK micro-kernel uses a simple object-
extensible, and its use of Mesa, the free OpenGL-likeriented class structure Following normal OO
graphics system, means that it can be run on lowphilosophy, each class has an associated set of
cost PCs, making it especially suitable for use inmethods For example, for geometric primitives,
computer graphics and visualization education. Wedefault methods are provided for displaying them,
discuss the novel architecture and main features oénd for selecting them with a mouse. To keep the
MAVERIK, and illustrate its use by presenting caseémplementation simple, methods are implemented as

studies of projects undertaken by our students. callback functions. Changing a method is as simple
Keywords:  Computer  graphics  education, as writing a new (or modified) callback function and
MAVERIK, Mesa, Virtual Reality. registering it with the MAVERIK kernel. The kernel
also provides a mechanism for defining new classes,
1. An Introduction to MAVERIK making the system extensible. This approach was a

deliberate design decision — we wanted the system to
MAVERIK is a system for managing graphics andbe easy to understand and install. In a student
interaction in Virtual Reality applications [1, 2]. It is context, we have found that using C and callbacks
specifically designed to address the challenges dfas meant that those with basic programming skills
highly interactive virtual environments containing can quickly become proficient at using the system.
many objects with complex geometry. MAVERIK
runs on PCs under the GNU/Linux operating systemA key difference between MAVERIK and many
using the free Mesa OpenGL-like graphics API [3],0ther VR systems is that MAVERIK does not use its
and can take advantage of 3D acceleration hardwar@wn data structure for storing application data. Of
if present. It also runs on Silicon Graphicscourse, the kernel does have data structures for
workstations using Irix/OpenGL [4]. managing classes and their methods, but as far as

possible we have tried to avoid imposing data
MAVERIK is free software, released under the GNU structures on applications. Instead, classes of object
General Public Licence; the distribution includes alltypes can be created which suit the needs of
of the C source code, for both MAVERIK, and also aparticular applications. Methods for displaying and
number of example applications (with data). Thisinteracting with these objects are then defined and
sets it apart from most commercial virtual reality registered with the kernel. This means that only a
systems, for which the source code is typically notsingle representationof the application data needs
available — or may be available, but at a costo be maintained. Any changes to this data are
prohibitive to educators. MAVERIK has a highly automatically reflected as soon as the next frame is
modular structure, and comprisesnacro-kernel displayed, because MAVERIK uses immediate mode
and a collection ofupporting modules The micro- rendering. The default supporting modules take
kernel implements a set of core services, and &wuch of the work out of writing the display and
framework that applications can use to buildinteraction methods.
complete virtual environments and virtual reality
interfaces. The supporting modules contain default



MAVERIK is distributed with nineteen default perhaps, or even Jell-O! For example, as we
object classes, and standard methods for navigation describe in one of the case studies, it proved
and for picking objects using a standard mouse and straightforward to add a new class of object to
keyboard. In our research laboratory we also employ implement superquadric shapes.

3D mice based on Polhemus magnetic trackers, and

code for handling these is included in the3.Case Studies

distribution. We also use head-mounted displays and

large-screen projection systems and MAVERIKWe use MAVERIK extensively in our own teaching
includes the code needed to compute stereofor final year six-month undergraduate projects, and
projections, and to synchronise frame buffer updatesor postgraduate work — as well as our own research.
Another part of the distribution is a set of tutorial In this section we present short accounts of a
examples, which are described in the documentatiogelection of recent and on-going student projects
(in PostScript, HTML, and on-line man page which illustrate the diverse range of applications of
formats), and some more advanced demonstrationdAVERIK in an educational context.

which illustrate the use of MAVERIK for some of

our own research applications. ) i ) )
3.1.Builder — Direct 3D Interactive Construction

2. Using MAVERIK for Teaching Builder is a 3D object manipulation program (see
Figure 1). It was designed to explore techniques for

There are several reasons we believe MAVERIK isS€lecting and manipulating hierarchically structured
useful for teaching computer graphics andobiects in 3D space, using two-hanc_jed manl_pulat|on.
visualization: The manipulation is carried out using a pair of 3D
mice, and the resulting images are shown on a stereo
1. MAVERIK is free. Students can run it on their Projection screen, a head-mounted display, or a

own PCs, allowing them to study in their own Normal monitor. Builder uses voice recognition to
time as well as on campus. Similarly, otheriSSUeé commands, because both hands use the 3D

educators have free access to the systeniliCe.

MAVERIK runs on relatively low-cost PC . ) ) .
hardware, relying only on other software which Builder is a very dynamic program. Much as in a 2D
is also available free. drawing program, objects can be selected and

stretched or squashed, using handles attached to key
2. MAVERIK is a fully featured, professional- POINts on their bounding boxes. Objects can be

level system, not a small subset developedreated, deleted, copied, pulled apart, joined
specifically for teaching. We use it in our own together, and positioned in space. Each operation

research to explore very large, complex virtualMay be reinforced using sound cues, via a MIDI
environments. For example,  polygonal interface. It is possible to enter a V|r_tual environment
representations of some of our industrial cAD@nd to completely rearrange it using these
models would amount to more than 100 million techniques.

polygons. Examples can be found on our Weh
pages [5].

3. MAVERIK implements a range of algorithms —
such as culling, using a hierarchy of bounding
volumes or occlusion techniques, object
tessellation, computing  projections, and
stereoscopic viewing — which students can stud
to see how they work. The availability of source
code means they can learn by example and b
experimenting for themselves by changing
default methods.

4. MAVERIK is distributed with default methods
which handle the most common cases — such &
primitives like boxes, cones, spheres, cylinders,
tori, polygon meshes. These serve as examples
of how to build other types of objects: NURBS

Figure 1. Builder: an interactive 3D modeller.



Buttons on the mice differentiate between movingversion was implemented based on the Floyd-
around the environment and picking up objects. Th&Valshall algorithm. Both of these algorithms are
two mice can be used interchangeably, so that it isised to find the minimum cost for traversing a graph
possible to pick up an object in one hand and to carrgtructure, and are standard algorithms taught to
the object around, using the other mouse to controComputer Science students. The project used the
navigation. Xforms interface builder [6] to provide a GUI. A
speech recognition system can also be used to
Builder relies on a key feature of MAVERIK — that it instruct the program. The project is quite interesting
uses only the application’s data and a set of callbackom two angles.
functions to update the display. There is no separate
scene graph or other data structure that needs to Ipérst, it is an interactive city guide. Using the
synchronised with changes to the application’s datainterface, you can ask Professor Dijkstra -
It also uses MAVERIK'’s culling methods to permit represented by an avatar — to guide you around the
quite large environments to be displayed at fastity (see Figure 3). For example, you may ask to be
frame rates, which is essential when using an HMD. taken to the railway station, or the public library. The
program builds a graph structure for all of the
. connected streets, and you are guided along the
3.2.Virtual Lego ] ) ... pavements, traversing roads at junctions or
Another approach to interactive model building ishedestrian crossings, using the shortest route. The
illustrated in the Virtual Lego project (see Figure 2).reqyt is displayed as an animated walk-through. At
Here we con_smjer the joining an_d breaklng apart OBny time, you can stop or move away from your
mo_dels _conS|st|ng of a set of brlck§. It differs from guide, and he will recognise this and wait for you.
Builder in that constraints are applied to only allow
the joining of shapes in a small number of knowngecong, it is a nice illustration of the Dijkstra and
arrangements, and the system applies continuoysiyd-\walshall algorithms in practice. While the
object clash detection during the assembly proces$yogram is running, obstacles can be introduced,
Interaction is achieved using a combination of 2Dinteractively, to block streets — to simulate road

mouse and keyboard. works, or perhaps an incident like a fire, for example
— and the algorithms then search for the best way
around the obstacles via alternative streets.

i
Figure 2. Constrained Lego brick i
manipulation. L

-
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3.3.Professor Dijkstra goes Walkabout Figure 3. Professor Dijkstra goes walkabout.

One of the demonstration programs distributed with

MAVERIK is a virtual city (“cityscape”), with This program exploits several features of
buildings, roads, trees, pavements, grassy areaRIAVERIK. First, it uses occlusion culling
monuments, and animated avatars. This projecigorithms to achieve good frame rates, even for
explored extensions to the cityscape program tdarge cities (e.g. 40 blocks square). Second, the
include a route planning mechanism. The initialnavigation methods can be employed to wander
method used Dijkstra’s algorithm for computing the around the city at will. Third, MAVERIK’s default

minimum cost path between any two places. Taavatar class is used to display representations of
provide a more efficient implementation, a second



actions of people in the city. The avatars arewhy the latter might be easier is that it affords a
animated, and walk around the city in real-time. much wider field of view — you can see obstacles
surrounding your virtual body that would not

. S normally be within your field of view using the in-
3.4.H_ea_d—Dr|ven Na"'ga“o_” o ) body agproach. Th)e/ project entailed devigsing some
Specifying scene navigation within interactive 3D gimple virtual environments containing obstacles and
environments is often based on 2D mOUS&hen monitoring the performance of volunteers in
movements and key-presses, or uses 3D mouse REgotiating their way along prescribed routes. The
dataglove gestures. This project considered the usgde was instrumented to measure results, such as
of head motion (tracked using a 3D Polhemusye nymper of collisions with objects, the length of

sensor) to trigger user movement within a virtualie path followed, and the time taken to complete a
environment. This may be useful when both handgq e

are already involved in a manipulation task, for

example. Navigation behaviours were devised which

map head motion onto view rotations and3.6.Visualization of Nanotechnology

translations. Alternative mappings were tried forThis project investigated how computer graphics and
both head-mounted displays and fixed large-screeNirtual Reality techniques might be used to visualize
projection screens. MAVERIK proved to be a goodand control the construction and activity of
platform for investigations of this kind, since the nanomachines. The project involved the simulation
user is free to customise navigation functions forof molecular interactions, and the modelling of
specific applications. User tests were performed taollections of molecules organised into mechanical
compare the usability of the head-driven approactstructures (see Figure 4).

with  more traditional hand-driven navigation

schemes. These included a timed fly-through of a'his was an ambitious project, and MAVERIK
twisting 3D tube, and the navigation of a slalomproved especially useful — its provision of high-level
course. virtual environment management enabled the student
to concentrate on the application problem, rather
than the infrastructure needed to manage the virtual

3.5.0ut-of-Body Experiences environment.

Navigation in virtual environments is a difficult task.
One of the main hindrances is the limited field of
view afforded by head-mounted displays and
projection systems, as this is typically much
narrower than we experience in the real world. It haj
been described as like looking at the world through §
pair of toilet rolls! This makes life difficult, because
it means that one tends to blunder into objects th
are just out of view.

An important aspect of virtual reality is the notion of
presence — that is, of being present in a virtua
environment and of being surrounded by it. Thus
when navigating around, one is normally presenteq
with a view corresponding directly to that of one’s
virtual body — an “in-body” or first person view.
However, an alternative way to navigate is to follow
a few paces behind one’s virtual body — a kind of
“out-of-body experience”. In this case, one still
controls one’s body, but sees it as a separate
representation, or avatar. This type of interface ca3.7.A Clutterizer for Virtual Environments
be found in some PC games, such as Tomb Raide virtual environment is typically constructed by
[7]. creating accurate geometrical architecture, and
populating the scene with specific objects (and
The purpose of this project was to investigatetextures) at specific locations. Such environments are
whether navigation is more easily controlled usingysually quite tidy. Real environments, however, are
an in-body or an out-of-body paradigm. One reasoRgrely tidy, having accumulated clutter over time.

Figure 4. Visualizing nanotechnology.



The purpose of this project was to investigate
methods for automatically “clutterizing™ a virtual MAVERIK provided the virtual environment
environment, by semi-automatically adding “junk” infrastructure, and its default methods for computing
geometry and texture. vector-object intersections assisted the modelling of
bullet trajectories, and multiple ricochets from rigid
MAVERIK provides default methods for testing for surfaces. The project implemented two kinds of
collision detection between objects in the virtualtrajectory simulation: a simple Newtonian model,
environment, and this feature facilitated theand a “point mass” model which takes into account
development of algorithms for rapidly populating the aerodynamic drag on a bullet. Figure 6 shows a
environment with large numbers of “clutter” objects, simulated bullet trajectory and ricochet.
distributed statistically.

3.8.Interactive City Generation .
This undergraduate project investigated methods fomes
automatically generating realistic cities (see Figure® 3
5). The project implemented a suite of three separalgrassss.
programs; the first generated a plausible layout o
streets within the city; the second then populated th@®
streets with buildings, monuments, parks and othe
urban features. The final program was an interactive
viewer, which used MAVERIK for visualization, and
navigation within the scene.

Figure 6. Visualization of bullet trajectories.

3.10. Simulating Undersea Viewing Conditions

We are interested in using VR as a means of
rehearsing assembly and maintenance procedures on
large industrial structures, such as offshore gas and
oil platforms. This project investigated the graphical
portrayal of the kind of environments encountered
during such undersea operations (see Figure 7). In
particular, the incorporation of visual phenomena
such as animated caustics, lighting effects within
participating media, limited visibility (fogging) and
the presence of particulate matter in the environment
were considered. This project used MAVERIK for
Figure 5. Interactive city generation. navigation, interaction and scene management, with
additional use of Mesa/OpenGL to achieve specific
graphical effects. Real time undersea effects (over 20
frames per second) were achieved on a modest PC
with a 3D graphics card.

3.9.Line of Sight and Trajectory Analysis for

Scene of Crime Reconstruction
Working in collaboration with Greater Manchester
Police, we have constructed a prototype virtual
environment corresponding to a real scene of crime
[8]. Subsequently, this undergraduate project
undertook an investigation of two areas: first,
methods for testing “line of sight” scenarios, to
accurately determine which parts of a scene are
visible from certain vantage points; second, for
interactively tracing and modelling bullet trajectories
within the scene.



4. Conclusions

We have been using MAVERIK as the basis for our
teaching and project work since 1996, and have been
extremely encouraged by its success. Because the
source code is freely available, students have the
opportunity to look inside and see exactly how a
large professional-level software system is
structured, and they can examine the algorithms in
detail. And because MAVERIK uses Mesa as its
rendering engine, computer graphics students can go
further, and see exactly how the rendering pipeline is
implemented. As for project work, because
MAVERIK manages the complexity of the virtual
environment, students are able to pursue more

Figure 7. Shallow undersea view featuring ampitipus projects than have previously been
animated lighting effects. realistic.

It is our hope that sharing our positive experiences of
3.11.Interactive Modelling Using Superquadrics teaching using MAVERIK will be of benefit to other
Superquadrics are a family of solids derived from theeducators. We would be delighted if others would
parametric forms of the basic quadric surfaces -consider evaluating MAVERIK as a suitable tool for
ellipsoids, tori and hyperboloids. Superquadrics aregomputer graphics and visualization education.
however, much more flexible than standard quadrics
and can represent a huge variety of shapes. Thi&cknowledgements
postgraduate project is investigating the use of
interactively deformed superquadrics for objectWe would like to thank our colleagues in the
modelling in a virtual environment (see Figure 8).  Advanced Interfaces Group: Jon Cook, Simon

Gibson, Martin Keates, Steve Pettifer, Adrian West —
This involved adding a new, quite complex, objectall of whom have contributed substantially to the
class to MAVERIK. In practice this proved to be MAVERIK system. And we’'d especially like to
straightforward: the application defines a datathank our students for their enthusiasm, and for
structure for the object, and a minimal number ofimplementing a series of fun and interesting projects
methods — which it registers with MAVERIK — to for us to report: Osian Ap Garth, Tim Davis, Sinem
operate upon it. Guven, Chris Kirk, James Pearce, Jamie Pratt,
Ahmed Rahali, Chris Redburn, James Sinnott, John
Taylor and Irina Titovich.

MAVERIK was developed as part of the VRLSA
project, funded by the Engineering and Physical
Sciences Research Council (GR/K99701), with
additional support from our industrial partners,
CADCentre Ltd, Brown & Root Ltd, and Sharp
Laboratories of Europe Ltd.

MAVERIK is available in tar and RPM formats from
http://aig.cs.man.ac.uk/systems/Maverik/.
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Abstract the emergent and dated topics. Other areas of art
such as music and theater may also be affected by

Computers have recently emerged as commonpladibe changes in computer graphics, but these domains
on the scene in a record number of university artare not covered in this paper. Also of great
departments. This rapid change has created thémportance but outside the scope of this paper is
need for new curriculum in the computer art computer graphics in kindergarten through twelfth
discipline. In designing these courses | see thregrade (K-12). This document is concerned with
ideas that are paramount to any computer graphicsurricula for students at the college level who have
curriculum in the visual arts. First, the courses andchosen computer graphics as a field of study and as a
course work should focus on individual expressiorcareer in the visual arts.
and creativity, second, the instruction should include
an awareness of the “wow” factor, and third, the Curriculum for computer graphics is quite broad
courses should include a balance of computer artwith applications ranging from graphics and textile
traditional art, computer science, and academicsdesign to studio art. This paper is modeled after a

such as theory, art history, and criticism. studio art approach, however, it also encompasses
Keywords: computer graphics curriculum, visual the commercial arts such as graphics design, interior
arts, higher education design, textile design, architecture, interior,
industrial and packaging design. Both the studio
1. Introduction artist and the commercial artist focus on expression

through visual media, however, the key difference is
Against many odds and tight budgets, computerghe application of that focus. In graphics design and
have recently emerged as commonplace on the scegemmercial arts, the focus is on a client or a
in a record number of traditional college andcustomer and the goal is to use personal creativity to
university art departments. As part of this rapidvisually express, design, or illustrate a product or
change, artists are not only using computers as afgea. In studio art, the focus is most often on the
extension of many traditional art practices, but theyartist's personal expression, creativity, or idea
are also using them as a medium to create uniqu@rough visual media.
digital art forms. From imaging, digital painting,
and 3D modeling, to interactivity, video, and 3D The suggestions in this paper do not go into enough
animation, graphics technologies give artists thedetail to differentiate the nuances between these two
power to use the computer as an expressive art forrgeneral approaches, especially as the line between
thus forging new educational and aesthetic concerridiem becomes more and more indistinguishable.
in curricula for computer graphics educators. ThisHowever, it is my intention to highlight that I am
paper will address a subset of these concerns in \ariting from a studio art frame of reference and to
general way with the intention of highlighting areasleave the application of my suggestions up to the
that individual programs and researchers can furtheieader.
expand.

1.2.What is Art?
1.1.Scope of Paper
This paper will articulate some curricular issues Art is a human activity consisting in this,
related to teaching computer graphics in the visual that one man [or woman] consciously by
arts at the higher education level. The 1990 means of certain external signs, hands on
Guidelines for Curricula in Computer Graphics in  to others feelings he [or she] has lived
the Visual Arts also know as The Dream through, and that others are infected by
Curriculum, addresses similar issues, however some these feelings and also experience them.
have changed and others have emerged since its
publication [7]. | will touch on a small number of  Tolstoy, fromWhat is Art?,1897



A work of art, according to Tolstoy [8], is sincere, 1) The courses and course work should focus on
and it transmits information, feelings, and individual expression and creativity,
experiences through lines, colors, sound, or words?) The instruction should include an awareness of
Actualization of the elements embedded in the the “wow” factor
imagery start with the creator, the creative process3) The courses should include a balance of
and the ability to see and to know through that  computer art, traditional art, computer science,
seeing. The work may take varied forms, but to be  and academics such as theory, art history, and
art, the object, idea, or presentation goes beyond the criticism.
physical and contains some aspect of human
experience. Art may be created with any tool, ag~or students to make expressive art, they must pay
long as the artist can use that tool to put some oéttention to the message it portrays. This means that
their true self into the art. instructors need to make a pedagogical shift from
technique oriented curricular goals to exercises that
A common approach to teaching studio art is tolimit the tool set and leave room for experimentation,
stress expression of the individual, a focus that goeglay, and theme based works. The tool set should be
far beyond the tool or medium. Artists have alwaysexpanded only after students address content and
used technology and many have learned to expreshow a level of comfort with the medium. In this
themselves in a way that emphasizes the messagsay the digital techniques will be one important
not the medium. There are many other dissentingoncern, among others. Further, the students then
views of media, some of which are based onhave time to figure out what they want to express,
Marshall McLuhan’s idea of electronic media, thatthus shaping the medium rather than the medium
the medium is the message [6]. Bits that underlisshaping them. The critiques and assignments should
the varied digital representations are all the samepcus around an idea, which stimulates self reflection
thus setting expressive boundaries upon artists [4]. and critical thinking. The premise of this approach
is if an instructor stimulates critical reflection and
The balancing of the message and the medium idialogue within and between the students, then they
digital technologies is similar to a problem thatwill have a better understanding of how to shape
artists have always had when working with newdigital media to express their ideas. This will in turn
media of the time, however, digital technologies adddramatically improve the outcome of their work [3].
a new twist. Computer hardware and software
technologies are being replaced at the rate of everRelated to individual expression is an awareness of
eighteen months, if not faster. Rising beyond thehe “wow” factor, a condition that is especially
medium takes time, but an ever-changing paintbrushbundant when working with digital media. This
that is highly technological hinders the time artistscharacteristic takes many forms, but in most cases it
have with it. New tools require them to re-learn ais a desire on the part of the student to create works
skill set, which in turn, forces them to constantlysolely for the application of a cliché or often
shift between artistic expression and skill overused special effect. Not only does this kind of
acquisition, two different ways of thinking. Teaching work look canned or have an “off-the shelf”
computer graphics in an art setting demands findingesthetic, but it lacks personal expression and
a delicate equilibrium between artistic expressioncreativity and shifts the focus away from critical
and technological proficiency, something thereflection and back to surface level technique. It is
curriculum must address. for this reason that instructors must point out the
“wow” factor and de-emphasize it.
2. A General Approach
Beyond cliché and content, it is my view that the
. ) L curriculum should include art theory, criticism, and
2.1.Philosophical underpinnings history at least within the studio courses, but most
No matter the focus of a digital art program, be it apreferably in addition to them. Not only does this
specialization within a traditional university art help artists identify their work with other art in
department, an extension of an established studigomputer graphics and traditional media, but it helps
area, a commercial major, or other related areas, th@em critique it and understand how their ideas can
curriculum must balance digital technology with expand on those of others. Schools such as Keel
other concerns. | see three ideas that are paramouphiversity stress a 50/50 split between studio and
to any computer graphics curriculum in the visualtheory, which provides the student with discourse
arts: and data to situate their work in the digital and art
world [2].



For these students, intuitive software provides the
Keel University also requires the computer graphicdools they need to make rich and expressive works of
student to work in another studio area such asrt. There is a lot that focused and creative students
photography, print, painting, or sculpture. Thiscan do with a pre-programmed digital paint brush.
allows students to see different approaches to
expression that computer graphics can extend. It isbelieve that the learning objectives for students in
my view that this approach also helps the studentomputer graphics and the visual arts should include
understand and contextualize their work with digitalnot only technical proficiency, but also an
media, a new and multifaceted medium. understanding of the significance of their work and
how they can manipulate the medium to express
Not only should the curriculum address computertheir message. They can accomplish this through a
art, other studio art areas, and theory, but it shouldurriculum balanced in complimentary areas as well
also introduce the student to programminghe through instructors that stress ideas as well as
Dream Curriculunm7] points out that teaching artists technique.
how to program is a controversial notion. At the
time it was written, artists who wanted to use threg .
dimensional (3D) imagery and other image effects ir12.2.Foundat|ons Core . .
their work had to write many of their own programs.A common approach to university level art programs
Since then, powerful image processing and 3DS to begin with what is called a foungjauons core, or
modeling packages have been written and the arti& Set Of classes that address basic art principles.
no longer has to, but often still does, program. Many programs break this up into the two
dimensional (2D) and three dimensional (3D) areas.
Also sinceThe Dream Curriculumuse of the world 2D course  work often includes drawing,
wide web (WWW) has emerged and many othel€OMposition, color theory, figure drawmg_, and
kinds of scriptable interactive packages have becomB&inting, while 3D course work focuses on different
available. There will be times when most artists willforms of sculpture.  Some programs are also
need to write scripts, however what kind, in whatincorporating se_ct_|c_ms that cover the concept of time,
language and for what purpose will prove to be_perform_a_nce, criticism, theory in contemporary art,
dynamic. Underlying any specific programming |nteract|_V|ty, gnd mstallatlon art. The computer in
application is the basic understanding Offounda_uons is threefold, it can be used as an
programming logic, data structures, functions, inpuducational tool to teach concepts such as color
and output, and variables. At minimum, artiststh€ory, it can be taught as an extension of other
should understand these ideas in whatever flavor ig'edia such as printmaking or painting, or it can be
available, such as C or visual basic. This should be &ddressed as a medium in and of itself.
class most preferably in computer science because . i i
the cross disciplinary setting gives both artists andt 1S My view that computer graphics as an art
computer scientists each a taste of the othef?€dium should in some way be part of the
discipline and how people in that field think. This foundat_|ons core. It is important that students using
setting is increasingly important as industry head&ll media understand the role that computer graphics
towards interdisciplinary art and science teams. plays in their art making, be it directly or indirectly.
In other words, it is meaningful for all artists to have
Some artists may choose to go beyond the basfgn understanding of digital media as a basic core
programming level and make it a larger part of howréduirement, much like drawing is treated as a core

they create art. Some artists and educators belieJ@r all art students, which brings up another point of

that programming is one way to break the “pre-sercontention.

or “off-the-shelf” aesthetic that makes some work
appear unoriginal [4]. It is my view that this Converse to the argument that non-computer art

approach will work for some, but not all. students should be exposed to digital media is the

Programming requires a technical, spatial, and linea®’gument that computer art students should take
way of thinking, which some artists employ in drawing. Sincerhe Dream Curriculumvas written,

addition to non-linear and emergent approachescOmputer art has become a commonplace major or
However, there are many art students who do ncgPecialization. ~As a result of this change, may
think in this way and have talents or intelligences incontend that not all the standard core requirements
many other styles such as personal or bodily@PPly to computer art majors. It is my view that

kinesthetic forms [1]. These methods and more cafr@wing and other basic core requirements are
be integral to making successful works of digital art.2Psolutely essential for computer graphics majors.



Recall | stated that art is about seeing and corshape the medium to do so. This takes time, much

requirements, if nothing else, help students learn tanore than two final years of college can provide.

see. Further, the students need to be aware of the
capabilities that the computer graphics medium

Others say that drawing helps those in computeprovides while they form their artistic ideas.

graphics, a discipline that stresses vertical thinking,

to solve problems in a lateral way [5]. Vertical 3. Beyond the Core: Focus Areas in

thinking is characterized by a stepwise logical Computer Art

process, while lateral thinking is a non-linear

process. A vertical approach to finding a solutionThe Dream Curriculummentions that art educators
might be to search one entire plane of solutions whefReed to decide if computer graphics will be a
in fact the solution is on another search plane. Thgupport area for other media or a major unto itself.
lateral approach will throw the search into a Newsince 1990, it is more common to find a Computer
space at which time vertical thinking may take over.art major or specialization in an art program than a
Most people can think in both ways and according tq:omputer lab which supports other disciplines. It is
some, drawing is one way to exercise lateral thinkingor this reason that the following suggestions are
in computer graphics, which is otherwise a verticalintended for computer art majors. | did not indicate
discipline. competency levels or what courses should come in
what order following the core classes. That, |
In designing the core curriculum, | think one very pelieve, should be tailored to individual programs
important and often overlooked notion, especially forand resources. However, | feel students should have
computer art majors, is that of time, or 4D. 2D or 3Dsome understanding abotlte still and time before
computer animation, digital video, and interactivethey can fully grasp the potential of interactivity.
works of art such as WWW pieces or virtual
environments (VE) all require an understanding ofThe purpose of the following list is to highlight areas
how ideas unfold, change, and take shape over timgy directions that programs can follow in computer
Whether it is dealt with in a separate course Olgraphics. | chose to break this expansive discipline
addressed in a section of a universal art core clasfto four major areas; the still, time based works,
the concept of 4D should be included because it ifnteractive works, and computer graphics with other
basic to many computer graphic art forms. media. This same list could be viewed in many other
ways, such as 2D, 3D, and time. The four suggested
areas are not mutually exclusive, as many crossover

2.3.Enter Computer Graphics in inextricabl Table 1 i list of the f
Whether computer graphics is part of the corgl [neXtricabie ways. fabie - 1S a lIst ofihe four

; : . “areas and some topics that fall within each.
curriculum or not, computer art majors must begin
work in their discipline at some time. A point of
contention is when to start computer art majors |
computer art classes. In some programs, comp ‘ .
art majors begin work with computer graphics at th The Still

Cross
Computer
Art

Interactive

upper-class level, only after the core classes aréP | |26 Web based | Digital
complete. In a four year program, this means thatT29ing/Di | animation | art Photograph
they do not start with computer graphics until thedita! Paint Y :
end of their sophomore or the beginning of their3D b Interactive | Printmakin
junior year. modeling | animation | CDs g&
Computer
| believe that computer graphics majors in the artdnstallation | Digital Interactive | Fibers &
must start on the computer as soon as they caff video installation | Computer
preferably in their first year. The first course shouldSculpture S
be a sampling of the computer art focus areas offerefilgorithmi | Digital Virtual Drawing/P
at the institution. From this course, the ones t%@ Performanc| Environme | ainting &
follow should be a higher competency level in e nts Computer

particular focus area. See table 1 in section 3 for

some of these areas.

Table 1.

As | have already mentioned, art is a form of
expression and it is up to the artist to learn how to

Some suggested areas of focus in
computer graphics for the visual arts.



3.1.The Still Students who work with interactivity use both time

The still is a form of computer art that does notand imagery as well as human response. This course
include time and can range from a print of a digitallywork should include an understanding of human
manipulated photographic image to an installation o€omputer interface design as well as concepts such
a sculpture. The still can be wholly generated on th@s the aesthetic experience for viewers as they unfold
screen, such as a digital painting or a 3D model, olayers of the work.

can include scanned or acquired imagery or

algorithms.  Especially at issue with the still is 3.4.Computer Graphics and other Media

“objecthood,” or the still as a physical material, SUChThe wavs in which computer art crosses into other
as a print rather than an image on a SCreert areazs is abundant aF;\d numbers far beyond the
“Objecthood” is not a concern within the scope off ur that | have listed. Computer ara hicg as an
this paper, however it is one that should be addresseq : Lo puter-grap
. extension of other media is helping artists approach
in the course work. ) . . .
their studio area in a new way by enlarging the scope
The sl i often thoug of 2 20 or 3D image% A PSSR, For o 2 paer e
however | have included installation and sculpturali as an Iris orint tFr)len tragﬁsfer ifto wet' I:fster to
works because they deal with a single instance of print, . P X
Create a sculpture with a fresco aesthetic. This

time. An understanding of 4D is so crucial to some rocess surpasses the act of painting and perhaps
areas in computer art that | used it as an organizing .. P L P 9 P P
efies a label, but it is a unique process made

factor that surmounts the difference between image%ossible by computer graphics. It is this type of
and sculpture. A digital installation could be time thing that would fall within the Computer graphics
based, especially if it includes digital video, but theand other media focus area

sculpture | refer to in the still category is one that '

deals with a single instance in time. This includeﬁn addition to computer art, students in this area

anything _ from = the latest = resin  based should have an equally strong focus in at least one
stereolithographic sculpture to still images that have ther studio area qually 9
been realized in some sculptural form such as digita? '

images wrapped around a cube. .
9 bp 4. Conclusion

3.2.Time In a time when our culture is becoming much more
It is one thing to understand how the composition ofvisually literate, those who create visual media must
a single image works formally and expressively, bupay more attention to clear, meaningful, and
it is quite another issue to understand how thagophisticated messages in their work. Visual media
aesthetic changes over time. What is important fofor the sake of effect stops at the surface of the work,
expression when the viewer cannot contemplate eachnd the audience is lost after the initial “wow.” This
frame? How do ideas change as the still imagés much like movies that sport fascinating special
moves? How does time factor into the overalleffects but fall short of a meaningful story line. On
success of the art? These questions and more aifee other hand, movies that weave monumental
ones that time based course work must address.  visual effects into purposeful narratives are the
works of art that will be significant in years to come.
Courses in this area include 2D and 3D animationThis means that the curriculum that educates some of
digital video, and performance using computerthe artists who will make these films must address
graphics technologies. Students who focus in thisechnical proficiency along with creativity and
area should take support courses in theater, film, angheaningful expression.
drama.
To this end | have highlighted a few concerns in core
. curriculum, listed some computer art focus areas,
3._3.Interact|ve Works ) ) and suggested key issues to address in the general
Since The Dream Curriculumthe notion of gpproach to designing curriculum for computer
interactivity has grown profoundly more complex, graphics in the visual arts. These are only

especially in light of developments such as thesyggestions and individual programs and goals
WWW and multi-user installations. These coursesshould be the ultimate guiding force.

include web based art, interactive CDs, interactive
installations, and VEs. My hope with this document is to continue the
dialogue about curriculum so computer graphics



educators in the visual arts can address it in a
meaningful and vital way.

[6]
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Abstract

Animation has always required a close
collaboration between artists and scientists, poets
and engineers. Current trends in computer
animation have made successful and effective
teamwork a necessity. To address these issues, we
have developed an interdisciplinary computer
animation course for artists and scientists that
focuses on contemporary issues in computer
animation. This course emphasizes collaborative
teams for practical experience, cross-mixing of
student expertise, and group-based education: the
students learn from each other, as well as the
instructors. Student teams produce a professional
animation that extends the capabilities of a
commercial animation package to gain experience
in and exposure to the state-of-the-art research in
computer animation and rendering, the complete
animation process, and the artistic and aesthetics
of computer animation. We describe our approach
to teaching this course, the structure of the course,
the results, and lessons learned from our
experience with the first offering of this course
(Spring 1999).

Keywords: interdisciplinary, computer animation,
education, collaborative education.

1. Introduction

Computer animation has always required a close
collaboration between artists and computer
scientists. We have developed an interdisciplinary
computer animation course that focuses on
contemporary issues in computer animation and
requires the skills of animators and programmers
working in teams. The goals of this course are the
following:

- Increase the technical graphics and animation
knowledge of computer science students.
Increase the animation skills and knowledge
of advanced computer animation techniques
of art students.

Introduce art students to the technical aspects
of rendering and animation, and expose them
to research issues in computer animation.

Introduce computer science students to
traditional and  computer  animation
techniques.

Introduce art students to the creative potential
of writing procedural shaders, models, and
animation expressions.

Provide practical animation production
experience, using and extending commercial
animation software.

Provide a collaborative learning environment
where students will learn from each other, as
well as the course instructors.

A key aspect of this course is that students gain
experience in participating in interdisciplinary
teams. Teams of 4 - 5 visual arts and computer
science students work together to produce
animations that utilize each member's skills and
interests, in a manner similar to commercial
animation environments. The computer animation
industry requires employees to work in teams on
large projects. Traditional educational
environments do not teach skills to make students
successful in such environments. Computer
animation environments pose a further challenge:
teams are composed of members from quite
disjoint backgrounds. We have structured this
course to help students learn how to communicate,
work, and even thrive in this environment.

2. Background and Motivation

Animation's history, from its origins in the 1880s
to contemporary time, is a continuous line of
technological inventions that have allowed
animators the ability to achieve higher quality
effects with greater ease: Bray/Hurd patented cels,
Fleischer Brothers invented and patented
rotoscoping, Disney developed the multi-plane
camera, and the list goes on [1]. At the heart of
each of these developments has been the
successful synthesis of artistic and scientific
talents. At times, these skills have come together
in the unique individual. Normally, however, they
have been the result of creative collaborations,
especially in today's highly technical computer
animation arena.



Equally as important, large scale animation
production has always required large teams of
variously talented individuals. = The Warner
Brothers animators of the 1930s through 1950s
arguably produced some of the most successful
cartoons of this century and historians note that
effective collaboration between its directors,
animators, writers, technicians, artists, and
musicians was one of the prime reasons for its
success [1].

Both of these issues point to the fact that a
successful ~ and  contemporary  animation
curriculum should not only be interdisciplinary,
but also encourage students to develop effective
team skills.

Schools, universities and institutions are usually
divided into departments to better serve students
needs. Crossing the boundaries between areas and
departments has always been difficult. A
particular school may not be reluctant to develop
interdisciplinary courses, but usually mechanisms
and incentives to do so are not in place. Thus,
many schools are slow to address the industry
trend to teach and encourage effective teamwork
and collaboration between animators and computer
scientists.  Currently many animation, special
effects, and computer graphics houses are creating
their own in-house workshops and programs for
addressing these issues.

3. Our Pedagogical Approach

Our pedagogical approach to this course has two
key themes: interdisciplinary work and
collaborative education. This is true even in the
instruction and design of the course, which is team
taught by a visual arts faculty member and a
computer science faculty member. Most of our
lectures are designed to have sections that both
faculty members present, highlighting the
technical computer graphics aspects and the
art/animation aspects of the material. In every
aspect of the course, we encourage students to
collaborate and help each other. Initial
assignments, described below, are designed to
have segments that are easy and segments that are
difficult for students from each background, thus
encouraging students to begin interacting with
their counterparts.

As mentioned above, we are presenting material in
the course that extends the backgrounds of both
students, while making them familiar with (and

even extending) the state-of-the-art in computer
animation. Computer science students lead the
discussion of computer animation research papers,
helping the art students understand the new
material. Conversely, art students present profiles
and critiques of computer animators and animation
techniques that expand the computer science
students' appreciation of computer animation as
art.

4, Structure and Implementation

We have structured this course to take advantage
of a classroom equipped with SGI workstations for
interactive instruction and demonstrations, and the
open architecture and procedural flexibility of the
Maya software package from Alias/Wavefront.
The course is 15 weeks in length and the students
start working in teams (4-5 students) during the
second week of the class. The students may
propose the composition of their team, with the
restriction that each team must consist of at least
two art students and two computer science
students. The students have an icebreaker team
project to perform in Weeks 3-5 of the class:
create a 10-second animation to be composited
with the blue-screen filmed sequence of a student
performing for 10 seconds. After this initial
icebreaker project, we allow the teams to be
revised to accommodate any poor group dynamics
that were discovered. We also have some initial
assignments that expose artists to working with
vectors, angles, and simple illumination, expose
computer scientists to key-frame animation, and
both to the procedural, extensible aspects of the
Maya modeling, animation, and rendering
package.

To expose students to the power of procedural
shading techniques [2] and the challenge of
photorealistic image generation, the students'
second major project is to generate a photorealistic
image/animation with the following specification:
it must contain a specific type of light and a
specific object element each chosen randomly
from a hat. Some example lighting types used in
Spring 1999, included sunset light, light from a
lava lamp, light from a neon sign, and light from a
candle flame. Some example object elements
included a cup of cappuccino with froth, icy or
snowy patches on a sidewalk, and fur. Students
were given three weeks to complete this
assignment.

! This software was made available through a
generous grant from Alias/Wavefront, Inc.



The main component of the course is a 12-week

team project to produce an interesting,

professional animation that includes extending the

Maya package in a new way. Some proposed

extensions include the following:

- Particle dynamics for cloud formation
Volume rendered implicit primitives for
accurate cloud rendering
Volumetric light sources to model fire
Volumetric simulations of fire, taking into
account simple physical simulations
Texturing of implicit surfaces  with
deformations
Extending Maya's implicit  animation
capabilities
Hydrologic simulations of ocean waves
Underwater simulation of light rays and
dispersion
Simulations of rich, organic, evolving
environments
Flocking simulations for crowd animation

Regardless of the technical and graphic effects that
are achieved, a successful animation is only as
good as its story, premise, or content. Students
must also consider the subject matter of the
project. Suggested formats and structures for the
animation include the following:

Narrative (comedy, drama, adventure. etc.)
Character driven

Animating directly to sound or music
Environmental or architectural (a precursor to
a VR or interactive space)

Poetic or text driven piece (using a quotation,
journal entry, voice over, or written text)
Commentary (political, technological, social,
theoretical)

Adaptation of existing works (homage,
contrast, contradiction, satire)

Early in the semester each team is required to
"pitch” their animation to the instructors and the
entire class in a professional presentation with
storyboards, charts, and slides. This project also
requires a presentation of progress to the class
after five weeks of work and a final presentation of
results to the class. These are graded both on the
presentation, and the artistic and technical merit of
the work.

5. Initial Results

The initial offering of the course was very
successful and educational for the students and

instructors. The students were very enthused about
the class and gained valuable experience in
computer animation, as well as working in teams.
Most of the teams worked successfully together
and, to our surprise, each team decided to name
itself. The team dynamics varied widely among
the 5 teams and also changed greatly from the
beginning of the semester to the end. One of the
teams that worked the best during the semester
started out with very poor group dynamics
between the artists and computer scientists. By the
end of the semester, they learned how to
communicate effectively, to appreciate each
other's skills, and work as a team. Only one team
(20%) suffered significantly from group dynamics,
including one team member dropping the class.
Spending more class time on effective team
techniques and team building may help eliminate
these problems.

5.1. Blue-screen Project

Our icebreaker team project required each team to
learn how to composite live-action video (10
seconds of a student using exercise equipment)
with computer generated effects for a 10 second
animation. They were required to generate both
CG foreground and background elements. An
example still of the blue-screen video is shown in
Figure 1. Two example stills from this project are
shown in Figures 2 and 3.

After viewing and critiquing the students' initial
animations, we gave them an additional week to
improve them. This produced a better product, but
also affected the amount of time available for the
rest of the semester work. Students spent 5 weeks
completing this project. After viewing the final
animations, the importance of teaching anti-
aliasing techniques became apparent.



Figure 2: A still from the blue-screen
animation by the Screaming Nixons (Eun
Baek, Jon Feibelman, Costas Kleopa,
Vlad Korolev, Steve Matuszek).

Figure 3: A still from the blue-screen
animation by CSmART Allstars (Ava
Collins, Alex Eller, Jason Lubawski,
Marlin Rowley, Christian Valiente).

5.2 Artistic Shader Assignment

As mentioned above, the goal of this assignment
was to create a photorealistic image or animation
that contained a specific type of lighting and a
specific element. After each team chose a type of
light and a scene element from a "hat", the
following became the scene specification for each
team:

5 contains an image of a cup of cappuccino
illuminated by a lava lamp.

Figure 4: Snowy sidewalk at sunrise by the
Screaming Nixons (Eun Baek, Jon
Feibelman, Costas Kleopa, Vlad Korolev,
Steve Matuszek).

Figure 5: "Cappuccino by lava lamp light,"
by CsmArt Allstars (Ava Collins, Alex Eller,
Jason Lubawski, Marlin Rowley, Christian
Valiente).

Team1| Kiwi and peach in a bowl|Candle light

Team2| Fur Mirrored disco ball
and strobe light

Team3|Hot tub with steam and | Neon light with neon
bubbles tube showing

Team4 |Ice patches on a sidewalk |Outdoor sunset or
sunrise lighting

Teamb | Cappuccino with froth Lava lamp light
and a cinnamon swirl

Figures 4 and 5 show two example stills from this
project. Figure 4 contains an image showing
snowy patches on a sidewalk at sunrise and Figure

5.3 Semester Animation Project

The semester animation projects contained a wide
variety of technical and artistic styles. Below are
summaries of the projects for each team:

The Autonomous Chicken Farm - This team
explored the practical application of
behavioral  animation by  developing
procedurally animated "Creatures" which are
controlled by a customized user interface in
Maya. The example "Creatures” chosen were
chickens  with  controllable  personality
attributes of hunger, beauty, and aggression
(based on the 7 deadly sins). The final product
of this project was an extension of Maya for
creating autonomous “smart" creatures and



controlling their movement. This generated
input for the inverse-kinematic controls and
expressions that the animators used for
controlling the motion of the creatures. A
short demonstration of the Maya extension
was also produced.

Gelegant Jammin' - Animated short in which
character movements (blendshapes, joints, and
lattices) of a drop of gel were driven by sound
file information (wav file). A graphical user
interface was created to control which dance
movements were driven by particular sound
data.

Infinity - This animation was a symbolic
projection of life and astral time represented
through the juxtaposition of an angel
contemplating notions of time, history and
evolution, with an icon of modern technology.
Plugins for the rendering and modeling of
volumetric clouds were developed to set the
scene for this animation.

Martyr's Playtime Theatre Presents: Joan
d'Arc - The story of Joan of Arc was
presented using models resembling the
children's toys, the Fisher Price™ People.
Procedural effects were created for fire,
melting, and crowd animation.

A Buck Ninety-Nine and Someone Else's Wall
- This project explored the ambiguity of
environment by moving between cave
formation space and the urban realm of the
subway station. The main character was a
spelunker who wears a headlight to illuminate
the scenes. Initially, he seems to be located
alone in a cave somewhere, but as he explores
the environment he finds himself to really be
in the tunnels of the subway system. In order
to create the cave space, a MEL (Maya
Embedded Language) script was created for
creating turbulent cave walls with varying
fractal parameters.

Some example resulting images from these
projects can be seen in Figures 6, 7 and 8. Most
teams completed a significant portion of their
project, but didn't complete it. We worked with the
teams to complete their animations after the
semester so that they had produced a finished
animation from the class that they could be
satisfied with and include in a demo reel. Teams
had difficulties both in terms of the technical
programming aspects, as well as animation and
production.

Figure 6: A still from Infinity by the

CSmART Allstars (Ava Collins, Alex
Eller, Jason Lubawski, Marlin Rowley,
Christian Valiente) showing an angel in
a volumetric procedural clouds.

Figure 7: A still from Martyr's Playtime
Theatre Presents: Joan D'Arc by the
Screaming Nixons (Eun Baek, Jon
Feibelman, Costas Kleopa, Vlad
Korolev, Steve Matuszek).

6. Conclusions

We have developed a successful interdisciplinary
course to teach computer animation to computer
scientists and artists based on interdisciplinary
collaborative work. This approach for education is
very powerful and rewarding; however, it does
require a significant amount of effort in teaching



not only computer animation, but successful team
work techniques and group dynamics.

Our first offering of this course was very
successful and we have gained valuable
experience to help us improve the course in the
future. For the next offering of the course, we will
decrease the amount of time students have to
complete their first icebreaker assignment so that
they can concentrate their efforts on their semester
projects. We also will allow for more individual
credit in the team projects. Most of a student's
grade in Spring 1999 was based on the grade their
team received. We made a few exception in
extreme cases. We plan on still having most of the
work in the class be done with collaborative teams,
but will be adjusting the grading scheme to also
reflect each individual's contribution. The
homepage for the Spring 1999 edition of this class
can be found at
http://research.umbc.edu/~bailey/courses/CS_ART
_Anim/

From our experience, we believe that an
interdisciplinary computer animation course
provides both types of students with an increased
appreciation of, and an improved ability to
communicate with, the other community. Students
also gain valuable experience in working in
collaborative teams and an increased sense of the
history and state-of-the-art of computer animation.

We would like to thank the student teams who
helped us develop and improve this course:

The A-Team (Tracy Corder, Will Gee, Mike
Keesey, Joe Romano)

CSmART Allstars (Ava Collins, Alex Eller,
Jason Lubawski, Marlin Rowley. Christian
Valiente)

Beasts (Kim Harrington, Mike Madison, Chris
Morris, Brian Resurreccion, Shawn Wood)
Screaming Nixons (Eun Baek, Jon Feibelman,
Costas Kleopa, Vlad Korolev, Steve
Matuszek)

Wookie Pimps (Michelle Hunt, Steve Jacobs,
Chris Slingluff, Joy Saunders)
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Abstract

This paper presents an innovative education program
at the University of Géavle, Sweden. The program,
Creative Programming, combines traditional methods
of teaching computer graphics, with other cross-
disciplinary areas such as art, cognition, and film. The
uniqueness of the program is represented by the
students that are accepted and the teaching
environment they are put in. A judicial process is used
to screen applicants, with and without portfolios to the
program. This is followed by an examination of
intellectual capacity, practical examination, and finally
an interview. Together, these are used as guidelines to
determine if the student is a suitable candidate for the
program.  The final group selected has varying
backgrounds, ranging from the professional artist to
the traditional computer scientist. They are then
immersed in a lab environment for the whole duration
of the education on the campus. The remainder of the
education involves a period in industry. The
combination of selective students, a lab environment
has produced very satisfactory result, and can be used
as basis for further developing the education.
Keywords: Computer Graphics Education, Art,
Industry

Introduction

Universities are under pressure to develop new,
dynamic education curricula. The area of digital media,
for instance, is becoming increasingly important in this
world. There is a shortage of people with the required
educational background who can design systems in this
new medium, in research terms, as well as in visual
development and implementation. The interfaces to
computers are designed in a much more visual and
intuitive manner today, so the skills involved in
creating software applications have expanded from
traditional programming to include creative skills, such
as graphic design, writing interactive narratives and
creating story boards. Research also plays a very
important role in the design of systems and
implementation of new techniques yet to be utilized in
current technologies. Universities with traditional
education of graduates in computer science must now
examine the need for these new multidisciplinary

skills. One common solution is the creation of cross-
disciplinary degrees such as Computer Science/Media
Studies. If we examine the skill set required in
developing these new media applications we find that
they are essentially different depending on the desired
end result. Several applications will require a
programming/logical approach as a solution, whereas
others will require a creative, visual solution to the
problem. If we examine the various types of graduates
from a typical University, we will find different skill
sets appropriate to this new medium. An arts graduate
will have developed skills in written communication,
an artist will have an appreciation of aesthetics,
psychology graduates appreciate the difficulties of
human-computer interaction, and computer science
graduates will have an understanding of the technical
issues required and how current technologies might not
be adequate for the problem at hand.

The Creative Programming program was created in
1995 with the goal of combining the previously
mentioned skill sets together in an innovative way.
The initial program is an eighteen month program
which can be used in conjunction with computer
science credits (or similar) to obtain a Bachelors
degree. The program looks at both the technical and
aesthetic issues involved in the digital media of today.
Education is in the form of lectures and practical
sessions with skilled instructors from industry or
academia. This makes the students up to date with what
is happening in industry, as well as understanding what
the latest developments in research are. The program
helps students to combine existing skills with the
technological skills needed in this area, enhancing their
knowledge, both technically and analytically.

Screening Process

The process of screening applicants is very complex.
The work is examined by a jury of experts in the area
of digital media, both from academia and from
industry. A previous Creative Programming student is
also included in the jury to provide a students
perspective. The jury reduces all the initial submissions
to thirty possible candidates that are then invited for an
interview at the University. The criteria used for
selection include the portfolio, academic qualifications,



and industry experience. When judging the portfolio,
issues of creativity, originality and quality are most
important. It is often the case that the portfolios
examined are varied in nature, presenting very different
kinds of work, in either creativity and originality, but
with not necessarily high technical art skill.

The interview generally involves an examination of the
applicants intellectual ability, creative ability, skill at
handling a computer, and evidence of a creative mind
as well as of sociability. One element of the interview
stage is the use of Raven’s Advanced Progressive
Matrices (APM) [1] to indicate the analytical and
logical ability of the applicant. The APM is designed to
assess a person's intellectual and reasoning ability. It is
one of the most well examined tests of general
intelligence, it is nonverbal, and has very good
psychometric properties, normated against lots of
populations with different cultural and educational
backgrounds. The advanced version of the test (APM)
used here is designed for people of above average
intellectual capability. The test-retest reliability is over
to 0.93 for age 30 and under. The test is used for
evaluating the logical intellectual capacity of those
very artistic applicants that are lacking traditional
computer science. The social and emotional
competence is also judged in the interview, to make
sure that an open and dynamic group process is
promoted by the students accepted. The creation of this
group dynamics is also the rationale for selecting a
good mix of gender, age and artistic and computational
profiles into the group. With this the most crucial
conditions for merging the artist with the programmer
are met with.

The program is unique in its approach to education and
selection of students. It aims to give an opportunity to
highly creative and intelligent people to experiment
and enhance themselves in the world of digital media
by combining their skills from other areas, such as art
or programming.

Curriculum

After the selection process, fifteen students are invited
to participate in the Creative Programming program.
The first twelve months of the program the students are
in a lab environment at the University. The final six
months the students are in industry. The program is
taught in competition to the Computer Science
program and the Computer Engineering Program at the
University. The structure of the curriculum is taught in
four terms over two semesters, with the final industry
project in the third semester. The first semester
concentrates on aesthetics of the image, new media

technologies and human computer interaction. The
subjects taught in that semester include -

Multimedia Techniques — introduction to the theoretical
concepts of multimedia. The practical sessions involve
developing multimedia applications, which are both
technically and aesthetically challenging. This is taught
by Computer Science staff.

Aesthetics — introduction to the important concepts in
aesthetics. This looks at both traditional and current
theories in aesthetics. This is taught by an expert in art
from a department at the University. There is also some
interaction from industry art experts.

Multimedia Management — this subject examines how
to create complex multimedia applications. This is
combined with dealing with real clients and deadlines.
The clients are usually from industry or the local
community. The lectures involve seminars about topics
such as contract writing, copyright issues, management
of a team and client handling. These seminars are given
by experts from the digital media industry.

Program Design and Cognition — examines the human
computer interaction (HCI) issues when designing
software. There is a strong cognitive psychology
background presented here. The course is taught by
lecturers in the Computer Science department.

The second semester of the course concentrates on
computer graphics, animation, film aesthetics and
future research. The subjects include -

Computer Graphics, Modelling and Animation — this
course is actually two courses in one. It examines the
theoretical aspects of computer graphics in detail. Even
though the majority of students do not have the
traditional linear algebra background, the course still
delivers complex mathematical concepts. The contents
include, but are not limited to, 2D and 3D
transformations, lighting, realism, rendering
techniques, shading models, colour models, hidden
surface algorithms, 2D algorithms, 3D algorithms,
radiosity, surface representations, facial animation,
facial modelling, volume rendering, virtual reality,
future research. The practical sessions are taught by
computer animators from the industry. This will often
include someone to handle the creative direction of an
animation as well as someone to deal with the technical
issues. This is to reinforce what the students have been
taught in lectures. The lectures and programming
oriented practicals are taught by Computer Science
staff. The modelling and animation, creative direction
aspects are taught by appropriate experts in the
industry.



Film Aesthetics — this is a course taught by the Media
department at the University. It examines concepts of
what is film, the types of film, criticism in film. It is
taught by various media professors and improves the
students’ ability to analyse work. The course also helps
the students in designing storyboards and narratives.

Industry Seminars — this course is the last before the
students have their industry practice. Approximately
ten industry experts are invited to give seminars on
how digital media is affecting them. These lecturers
have included people from film, government, post-
production, computer gaming, research, small
companies, large companies and so forth. The main
goal is to avoid presenting a narrow view of the digital
media industry. The students also have a free project of
their choice to deliver.

In all the above courses, the students have access to
their own lab of equipment. The lab usually consists of
fifteen personal computers, six SGI computers, one
scanning machine, two printers, a video -editing
machine, TV’s, video equipment, virtual reality
equipment and so forth. This equipment is accessible
24 hours of the day to both staff and students in the
program. The benefit of the lab environment is that it
acts as a place where the students can learn from each
other and to develop.

Practice versus Theory

The Creative Programming program examines many
issues of what is important in content in today's digital
media. This involves highly theoretical lectures in
areas such as HCI, modelling and animation, and
computer graphics. The general idea is that the theory
does not change remarkably, but the tools do.
Therefore, it is important to stress the theory more than
the tools. This has become obvious in several instances
such as the 3D animation industry, where software
updates and competition is fierce. The important thing
that is stressed in the education is that the tools are
irrelevant. With good support of industry we are able to
achieve this high standard of education, without
compromising the principles of quality with quantity.

HCI is a very important part of computer graphics, and
hence the program involves a heavy cognitive theory
section. As we see in Figure 1, simple design tasks are
given to the students to help build up an understanding
of simple, easy to use interfaces. When educating both
programmers and artists in computer graphics, a
pragmatic approach is required. We stress the theory
aspects of computer graphics, modelling and animation
to both students, as these principles generally will

remain the same. The practical aspects of the course
are performed by industry, and as of such, we do not
stress the tools that we use, only how the theory affects
the tools. Looking at Figures 2 and 3, we can see some
experiments with lighting, reflection maps, and
radiosity concepts using the tools available in the labs.
This is stressed in the lectures, and the students are
encouraged to experiment with the theoretical ideas
presented.

& i &

Figure 1. The theoretical concepts of Design and
Cognition are used to help students to design
simple and language independent interfaces. In
this particular example, a new photocopier
interface is designed.

Group projects are often encouraged to educate the
students about collaboration. There is also plenty of
time for students to perform individual projects. During
the Computer Graphics, Modelling and Animation
course, the students are strongly encouraged to submit
their work to various international competitions. These
include the Rhythm and Hues student competition, the
Alias student competition for instance.

Figure 2: A still from an animation to show the
future dental clinic. This is a project with real
deadlines and real clients.



Figure 3: A still from a two minute animation
presenting the future dental clinic. This was
produced after a highly theoretical lecture on
radiosity.

Industry Involvement

The final stages of the students’ education is spent in
industry, where the student specializes in some area.
Generally, this has included programming in the
gaming industry, 3D industry (animation and
modelling), and also the web industry. The process of
matching the student to industry is often a complex
task. This usually involves various visits by the student
to different companies that they like. This is
complemented by visits by companies to the lab where
they are able to see the student at work. When a
successful company has been found, the student then
can begin their practice there. Some conditions are
stressed by the University about the practice session.
These include that the student be guaranteed a
computer and desk, that they are working on some
project, and that they are given one day a week to
prepare a report and presentation. At the end of
practice (twenty weeks), the student then presents a
major presentation, which is either research related or
practice related. To ensure that both the student and the
client are satisfied constant communication by the
subject controller to both parties is maintained. It is in
this process that feedback about both client and student
is received. This is important as it allows us to review
the selection process for both the student and the
company. At the time of writing, we are about to send
out our fourth group of students into industry. This
process and relationship with industry was discussed in
[2]. In Figure 4 we can see the result of one student’s
work whilst in industry. The student worked in the
special effects industry and produced over five
productions that were shown on television. Figure 5
and 6 demonstrate how the movement from traditional
art to computer generated art can produce very good
results. The art work in Figure 5 was in part of course
work. The model in Figure 6 was individual free time
work that was applied after various theoretical lectures
on facial modelling. Figure 7 is a very complex model

that has been submitted to the Rhythm and Hues
international student competition.

Figure 4: A still from the industry project where a
student worked on a commercial that was
presented on television.

4

Figure 5: Traditional artwork.

Figure 6: Facial modelling by same student as in
figure 5.



and 6). Eva Carling for her comments regarding the
Ravens test.
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Figure 7: A rendered model with advanced
textures.

Conclusion

In this paper a new digital media program is described,
one that attempts to merge the computer programmer
and artist together. The program aims to provide the
opportunity for the programmer that has artistic skills
to combine them in an education, and for the artist that
has never approached a computer, to learn and improve
themselves. As APM is a very good predictor of
academic success, it can also be used to rise the
confidence of this group of applicants in that they will
manage the theoretical and technical courses in the
program. An examination into the methods used in
combining theory of Computer Graphics with practice
is also explored. A lab environment is used, where the
different cultures of people, experiment with new
techniques, and use each other as reference of
information, both technical and aesthetic wise. This
means, those that are familiar with computer
programming, can educate the artists in some aspects,
and in return receive aesthetic criticism and tutorage.
The education as such, concentrates on theoretical
aspects of multimedia, design and cognition, computer
graphics, modeling and animation, aesthetics, and
media issues. The practical side generally involves
reinforcing the theory, but also acts as an avenue for
the students to enhance their creativity. Industry
involvement is also crucial, and hence the students
often find their practical work has a real end purpose.
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Abstract rules that would condition what the image would be.
My arts heritage was the English Constructivist
A backward look at the use of computers in Art andnovement, the Systems Group and the
Design Education is used to speculate about the futur€onstructionists. And my third thought (all this within
in an attempt to anticipate and determine events. Than hour or so) was that | had to teach my students how
author sites practical examples, and raises moreo use computers in their work.
questions than he knows how to answer.
The tools at our disposal were limited: BASIC or
Keywords: Art and Design education, technology, FORTRAN with simple device control such as moveto
software-packages, Object-Oriented, creativity,and lineto, output was a small green CRT or, when the
problem-solving, browser, collaboration, tailored ink didn’t run dry, a pen plotter.
environment.
Despite, or perhaps because of, the limitations, the
1. Introduction work that people produced was extraordinary both in
its originality and its integrity. Examples of this work
Design consists largely of problem solving. In a 1972were shown in the Siggraph ‘86 Art Show curated by
interview [1] Charles Eames answers the questiofPatric Prince[2].
“What are the boundaries of design?” with another
question - “What are the boundaries of problems?” | was visiting lecturer to London’s Slade School
Postgraduate Experimental Area lead by Malcolm
Art too involves problem solving. What distinguishes it Hughes. A handful of students working with an
from design and promotes it to one of Mankind’'seviscerated Data General mini-computer included
highest endeavors is that an Artist also has to invent théhris Briscoe, who pioneered commercial computer
problem to be solved. animation in England, and Paul Brown who has been a
major influence in education. Brown’s early work can
Computers are problem solving tools and, if anybe seen at his web site.
justification were needed, this alone is sufficient for
using them in the visual arts. The tools settled out into three categories: 2D graphics
packages, 3D graphics packages and ‘Paint Programs’.
In order to solve a problem the computer needs to bé&he first two were really the domain of scientists and
programmed. This provides a creative potential for thengineers as they worked in conjunction with a
artist or designer - visual problems need to beprogramming language. The Paint Programs were
expressed in a structured way through a language witsomething of an anomaly. Developed by scientists who
its control structures and variables, algorithms need tpresumably had some idea that they would be useful it
be invented. The process requires one to think of theas up to artists to demonstrate the fact.
creative problem in new ways and in doing so
innovative creative solutions will inevitably show up. While people were asking whether computers could be
used creatively (Yes), artists like David Em (Jet
2.PAST (1960’s - 1986) Propulsion Laboratory) and Darcy Gerbarg (New York
Institute of Technology) were quietly getting on with
| started to use computers in my art in 1973 and wal: The Paint Program at JPL was written by Jim Blinn
annoyed to find that they could make better drawingdvho used it to make texture maps for the moons and
in seconds than | could make in weeks. There was Blanets in his simulation of the solar system. As |
precious quality to my drawings that the computer hadecall, he usually got his brother (an artist) to do the
no regard for. Taking the skill out of my work made Work.
me look more closely at the content. My second
thought was a feeling of excitement that | could define



The next question up for discussion was “should artistpractical projects encourage an exploration and
and designers know how to program?” | said yes, andnderstanding of the concepts. The principles behind
was derided for it! In fact | had already established twahe software will survive. Teaching a student the
successful educational initiatives in  Computerprinciples of computer graphics means that she will be
Graphics for Artists and Designers based on thaable to transfer her knowledge to whatever
premise. One was at West Coast University in Loenvironment of software and hardware she finds
Angeles (now defunct), and the other - where | stillherself in.
teach - is in the Art Department at California State
University, Los Angeles. | think they were the first of Computer Graphics software seems to separate out into
their kind. People were lining up to get in [3]. categories: drawing programs such as lllustrator or
Freehand characterized by a 2D coordinate system with
Frankly it wasn’t too hard to make that decision. | hadtransformations operating on object-oriented lines and
taught myself to program and enjoyed the uniqueshapes; raster based graphics such as Photoshop
feeling of control over creative questions that itcharacterized by pixel-level manipulation, layers, and
offered; | could see excellent work from other artists;image-processing techniques; 3D modeling and
and... there wasn't anything else to teach! Softwar@nimation programs such as CINEMA4D or Maya
packages didn't exist and the use of computers ircharacterized by 3D coordinate systems, 3D objects
Design was just beginning. In 1984 the Macintoshwith transformations applied to them, rendering, and
suggested a potential for design but didn't deliver untitthe notion of change over time; and Interactive Design

1986. which may include any of the other categories but is
characterized by non-linear presentation of ideas and
3.PRESENT (1986-now) information in a context which is easy to negotiate.

It was the invention of the Laser Printer and its pagdt is not surprising that these software packages had
description language, Postscript, that delivered théheir origins in the 2D, 3D and paint programs of the
promise of computers in Design -_Output. early days. Even Interactive Design, proposed by Ted

Nelson in the 1960’'s, had most of its design principles
Desktop Publishing became a practicality. Commerciataised and codified before the Internet made it a reality.
success lead to cheaper computers. Cheaper memory
lead to more colors (one of the rare examples in lifd try to tailor projects to encourage an exploration and
where you get more out than you put in,) more colorginderstanding of the principles behind the software. |
created a need for paint programs, 2D and then 3Mnake the projects “self-starting”. Creativity is a cycle
modeling and animation packages became commom®f activity and review. Often students find it difficult to
and HyperCard established a practical basis fostart the process so | invent projects which will have
interactive design. Specialized software packagethem producing objects and images without much
proliferated - and that is what people began to teach. effort. Usually the projects are rule-based. When they

have an image in front of them that has not required
Why not teach software packages? They offer a welltoo much effort on their part students are usually more
defined body of information, usually come with open to critically evaluating it and making changes,
documentation and tutorials, and are easy to justify t&nd so they quickly become involved in the creative
administration. Furthermore there are hundreds of jolprocess. Once the image or object has a life of its own
adverts which say “must know PageMaker”, andthe students can respond to it creatively.
hundreds of students who want to get that job. As a
consequence you'll see academic courses it also try to invent projects which will allow the
Universities across the world with titles like students to juxtapose their work with someone (or
“Advanced Photoshop”. It sounds reasonable but it is gveryone) else in the class.
mistake.

You might agree that the idea of teaching principles
Academic courses in Art and Design are aboufnot packages) is good but argue that at some point the
creativity and problem solving, the tools are secondarystudent needs to be shown details of the software
Also the tools are out of date in a few months, so that package such as which menu item to select or window
student who know menus and commands and keyboai@ open. | would counter that if the student can't figure
shortcuts for one program will be at a loss when thét out for herself then there is something wrong with
new version comes out. the software package. As consumers we wouldn't
An alternative is to teach the principles behind thedream of buying a domestic appliance such as a
software and to set this in a creative context wheravashing machine or a car whose operation was not



self-evident. Software should be the same. | usualljHowever we can anticipate a working (and teaching)
take a naive approach to teaching software explainingnvironment, and possibly even help to make it
what they might expect the package to do and puttingappen.
responsibility on to the student to find out how to do it.
This encourages self-reliance, and a problem-solvingoftware packages will cease to exist as we now know
approach. them. Applications will consist of objects and
messaging. You won't necessarily know what
As artists and designers we tend to push software armbmputer they are on. For any particular task you'll be
hardware to its limits which means that things can gassembling (without much effort) the appropriate
wrong, so problem-solving is an important talent. Imodules. You won’t own software any more, you'll
encourage it. rent it, paying a fraction of a penny for each object
each time you use it. Equally your own objects may be
3.1 Trends sought after items and provide some revenue. Forget
T o about software upgrades, or new versions of the
Paul Brown spoke of the future as the invisible place%perating system. Any one of the millions of the

beyond an “event horizon” [4]. Extending his analogy | components of which they consist could be updated
suggest that we build a platform of current k”°W|edgelransparently at any moment in time.

and use that vantage point to get a glimpse of what

might lay ahead. Browsers will probably be the only software on your

computer. They will be the portal to your web-based
Programs have become larger as a result of cheapggsware modules, and they won't look like they do

memory.  Developers wish to provide more 4, (no clunky windows and that anachronism known
functionality and so there’'s an overlap between whagg scrolling).

used to be distinct software categories. As a trend this

is good but the consequence is an unweildy anghe result of this will be a trend to tailored
expensive software package. The concept of ‘pluginsgnyironments. As a designer you'll have your own set
has gained popularity as a way of extending they tools (like craftsmen of old) which you will hone

functionality of a software package without making it 3nq refine. These tools will result from the kind of
monolithic. Many software developers allow for and ok that you do and will reflect your creative

encourage them. Browsers thrive on third-party plugingengsipilities. They will be an analog of your distinct
to extend their scope. style.

Object Orientgd _Programming is be'coming theThink of the potential for teaching. Principles will still
standard, and |mpl_|es a erX|'b|I|ty that will allow fo.r abide, but now you can design a tailored environment
problems and solutions of which we can't yet conceiveynnropriate to who and what you are teaching.

of. CINEMA 4D is an example of object-oriented

animation software. The manual apologizes at on@g siydents mature creatively you'll teach them how to
point: build their own tools (if they haven't already found
out!) Is this back to programming? Yes, in the sense
is simply the result of CINEMA 4D being a totally that you'll have control over your own solutions to

open system. Nobody knows the type of animation problems.. BUt. hot i .the sense of sequential
effects the future might bring and (what) you may ~ Programming with a few simple control structures and

“This is not meant to challenge your imagination but

wish to assign them to.” variables. Object-Oriented Programming demands a
different mental agility and the need to know details of
Web-based Objects are taking off. huge libraries of existing objects and their syntax.

Good user interfaces will facilitate this.
4. FUTURE (now to the next Millennium)

4.2. Output - put out.
4.1. A Disclaimer. More of the things designed on the computer will use
Predicting what Art and Design will look like in the the computer as a means of delivery. Physical output,
future is oxymoronic. As soon as you describe it - itWill diminish for several years until the Rapid

exists (in the present.) Witness the failure of Disney's rototyping Systems become consumer appliances.
Tomorrowland, and Mr. Spock's three-dee chessl he Prestigious Prix Ars Electronica Competition had

board. It's safer to invent a retro-future such as® category called “sculpture” for several years
Kubrick’s Louis Quinze interior in 2001 A.D.



eventually to replace it with “Web-based media”. Though in its consequence this example may seem
Conincidentally this was the year | planned to submit! trivial | think the implications are profound. The

notion could be extended to creative tasks using the
. Internet both as the equivalent of the auditorium and of
4.3. CoIIa_boranon - the Good, Bad, and the Ugly the screen. Collaborators would provide far more
Early ~Siggraph conferences often showcasedgppisticated decisions than in our example, and their

collaborative paint programs. You could add to any|e in the task would be correspondingly significant.
image on a monitor at the same time as someone in an

adjacent booth or across the world. Somehow th&nhe nature of creative problems that could be
results were always disappointing (the Bad). Perhaps gjgressed and the design answers we may see are
lack of clear goals lead to what was a competitive,,,ndless.

rather than collaborative exercise.

N . References
Algorithmically generated images have been posted on

the Net which one can rank (the Ugly.) Subsequentl] Paul Goldberger. The Eames Team.Tine

generations of the art work spawn from images tha New Yorkerpages 90-99, New York, May
were most popular - Aesthetic Darwinism, perhaps, or 1999 ' ' '

more likely the cyber equivalent of Velvet Elvis.
As part of the Electronic Theater at Siggraph somelz] ,il‘gtsghow Catalog Siggraph ACM, Dallas,
years ago, Rachel and Loren Carpenter set up a '

collaborative visual venture (the Good) which ] Judy Brown.Teaching Computer Graphics:
continues to astonish me. Each member of the audience An Interdisciplinary Approach.pages 189-
had a wand with reflective stickers on each side, green 190 Siggraph ACM Anaheim, .1987

and red, which they could hold up to signal a binary ' ' '
decision. The collective audience response was
grabbed by a camera at the front of the auditoriurr;rg]
processed in some way and revealed on the cine
screen.

Computer Animation Worksho@alifornia
State Summer School for the Arts,
Humboldt, California, 1990.

In the first exercise a large circle was drawn on the
screen. With the whole screen representing a map of
our seats in the auditorium we were asked to signal ong
color if we thought we were inside the circle, and
a.nothe.r i we were outside. Within a second or so thel’o Bob Holzman for enabling the Present and Future
circle filled in. In a couple of seconds more the edge?n mv career and to mv Stepfather. Ken Dixon
of the circle were well-defined and stable. How did y y P ' '
this happen with such authority? Each person made a

single binary decision. The decision was based on

some knowledge of their location in space. They could

perhaps see what decisions their immediate neighbors

had made. The image on the screen provided some

general feedback but not specific to an individual’s

decision.
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Abstract

New technologies for distance learning through the Web, video conferencing,
collaborative working tools have the potential to enhance and extend learning. This
requires a large leap for many institutions, teachers and students as well as an investment
in technology and training. Many of those involved in graphics and visualization have in
some way contributed to the development of the technologies being used and to their
potential application use. These technologies have potential for widescale use at a time
when there is pressure, at least in the UK, to widen access to higher education and to
consider learning to be a life-long process.

This paper challenges those involved in Graphics and Visualization Education to look at
the following areas:

Distance Learning

For collaborative ventures to share materials, bring in guest presentations from
international speakers and to develop and enhance collaborations between those involved
in Graphics and Visualization Education.

Collaborative Working

Research has been presented to the Working Group about the possibilities offered by
collaborative working for visualization. The group should promote such work and build
on it widening the application areas and involving other subject areas.

Widening Access — Promoting Participation

The technical and pedagogic developments of those involved in Graphics, Visualization
and Virtual Environment education have the potential to open up education to those
needing to study remotely from a University. The potential of such techniques should be
promoted within a range of application areas.

Getting Online With More Disciplines

Much of the development of graphics and visualization tools has occurred within
Computing Science, Engineering and the Physical Sciences. The benefits have great
potential in other areas, particularly in the social sciences. Data mining and understanding
large and complex datasets, such as longitudinal datasets, is of considerable importance in
the social sciences. The potential for the use of visualization techniques within research
and teaching seems to be thus far unrealised.
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Abstract * The availability of a big pool of small educational
content providers.

The paper discusses the functionality of distributed
multimedia architectures for educational applications.  All real implementations of systems, accessing
It reflects some developments made under the multimedia documents for a given class of tasks,
international  project ARCHIMED  “Advanced have to compromise between the requirements for
Multimedia-System Architectures and Applications for  full functionality and the constraints imposed by
Educational Telematics” (part of the EC RTD program  the available resources. Therefore in order to create
INCO-COPERNICUS). The aim of this project is to  a viable pragmatically and technologically sound
explore and implement technological methods and architecture the solutions to be applied have to
tools for creation and distribution of multimedia consider:
educational materials. The main elements of the « the modern tendencies in organisation of
architecture implementation are the project Local multimedia systems;
Internet Support Centres. The functions and structure «  the educational needs of the project end-users;
of the Bulgarian Support Centre are presented withthe . the developments in the modern computer-

repository co_ntent and_ the pilot courses to be , ine current computer and communication
developed during the project. =~ o structures of the university partners in the
Keywords: educational multimedia, distributed project and their possible development in the
architectures, virtual campus near future.

1. Introduction 2. Conceptual Base of the Distributed

. - Multimedia Educational Architectures
The educational multimedia data management has to

deal with several specific features: _ . The architectures under discussion are build upon the
* The necessity of interactive use of the m”“'med'afollowing types of conceptual models:
materials, allowing individualised feedback and

discussion. o o 1/ Multimedia data models, specifying the structure
* Extensive use of distributed multimedia resourcesyt myltimedia data management systems and the
available on WWW. methods applied for storing, composing and retrieval of

* The necessity of effective student navigation tomuyltimedia documents. The multimedia data models
ensure a balance between the two extremes of totjhye to provide useful abstractions and related

constraint and total absence of constraintmechanisms to support
according to the student’s needs and current state . Generalisation/specialisation hierarchy

of knowledge. 3 B «  Attribute specification for describing the
* The necessity for versatility of composition for properties of a document

fast update and modernisation of educational Specification of operations, performed on a
content. _ multimedia document
* The necessity of modular and open-system Manipulation of composite objects

orgamsanon._ _ _ o _ «  Objects sharing
« The need of intelligent assistance in information . User-oriented presentation

handling.



The multimedia data management requiresDatabase (SQL) servers. The new quality of the
mechanisms, common for classical databases to ensunetwork model is achieved through appropriate
integration and integrity control, query support, mechanisms for cooperation of these servers and the
privacy, version control etc. However some featuresextension of their capabilities using protocols and
are of special interest as due to huge data volumes asthndards (e.g. ActiveX, specific plugins etc.)
variety of information their achievement is more recommended for exchange of multimedia information.
difficult - efficient data capture and access; data

availability; data persistence and recovery; presentatioB. End-User Groups and Generic Services

of delay-sensitive objects etc.

The ARCHIMED architecture is meant to serve two

2/ Pedagogical model, specifying both the structure ofiifferent groups of end-users:

multimedia educational documents and various ways of A. Learners, accessing and learning with

their use (for teacher-centered or learner-centerechultimedia educational materials: university students,

organisation of the educational processes). Mangtudents in specialised schools, participants in
current educational projects for distributed computefocational training educational forms, non-formal and
environments apply the principles of constructivistlife-long learners. The architecture to be developed has
pedagogy and use models, based on the following ensure sufficiently rich environment, relevant to the
leading ideas [1, 2]: modern pedagogical approaches and tendencies for

* Learning should be context based, i.e. learningeacher-assisted and learner-centered education in local
experiences should be contextualised in authentiand global computer networks with some collaborative
activities; learning is acquired through making learning possibilities.
links with existing knowledge. B. Authors of multimedia educational materials:

e Conceptual learning is through active university lecturers, high-school teachers, lecturers in
involvement: a task is understood throughspecialised training courses. As a rule the authors are
participation in it; learning involves creating not IT specialists, so it is not real to expect that they
personal meaning and understanding; experiencwill be willing to use authoring systems and tools with
becomes part of the meaning. high level of complexity to produce courseware. The

« Learning is through collaboration with others: majority of these authors are also meant to use the
sharing knowledge resolves misunderstandings¢reated multimedia educational materials directly in
interaction leads to new knowledge; understandingheir teaching practice.
evolves from shared knowledge constructing;

« Learner should have personal autonomy andhese two groups of end-users require two classes of
control over learning: modern learning involves generic services to be supported by ARCHIMED
personal decision making, formulating own architecture. These services may be organised using the
learning strategies and own goals; teachefmodern computer-assisted education metaphor of
mediation depends on needs and skills of theVvirtual campus". In order to develop a specific
learners. detailisation of this metaphor, suitable for the needs of

« Learning is personal growth - argument leading tothe project, the participants in the educational process
reﬂection he'ps reﬁne Concepts; outcomes areand theil’ main I’O|eS haS to be I’evea|ed. S|m||ar|y to [3]

uniquetothe learner; we consider the fOllOWing main actors in the
« Learning outcome is a perspective and arfducational process in the “virtual campus™
understanding: specific content and learning 1/ Learner - transfers information into

outcome should not be prescribed; multipleknowledge. — S/he uses the courseware from the

approaches to understanding are needed. following roles: explorer of repository resources;
navigator through learning scripts; self-evaluator of
3/ Model of communications, organizing the Personal assignments; participant in collaborative
information exchange of multimedia information in l€arning (e.g. peer review, debates in telediscussions
distributed computer environment. The model of€tC.)- . _ _ _
communications has to ensure proper multimedia 2/ Trainer/advisor — assists/advises the learner
environment in networking inside and between then the educa_tlonal process acting in Fhe following roles:
partners. The partners networks normally includgProduces diagnosis; advisor; assignment evaluator;
Proxy servers, Cache servers, WWW servers, NamgPach.
servers (DNS, WINS and DHCP servers), Mail servers, 3/ Manager - manages actors and events,



supervisor and controller; team or group organisers A library of documents templates (generic models
director of learning assignment. or scenarios) to be used by the author to create
4/ Author — supplier of educational content. pedagogical materials;
S/he produces courseware using the MM materials  Secure discipline for accessing the web server with
from the repository by means of “author studio” tools, the document templates;
acting in the following roles: document analyst;e An instructional methodology to guide the author
content expert; teaching materials designer; in his authoring process.
instructional scriptwriter.
5/ Mediator (“information broker”) -
facilitates the navigation of the other partiCipa”tS4.Implementation of ARCHIMED
through the "virtual campus” acting in the following architecture
roles: information communicator; user profiles

_pro<|j|yctionha?d_mgintenance; help iT eNnvironment Use o4k the ARCHIMED architecture doesn't address
intelligent help in document retrieval. directly the whole set of distant learning activities, it

. . . _covers an important part of the popular in the last years
Each actor is expected to assume various roles; a givedirtyal campus” metaphor. The virtual campus is

role may be as.5|gned tc.).mo.re than one actor. The rOlﬁructured in virtual spaces, organising the realisation
are related with specific information subproce§ses f the abovementioned information subprocesses. A
which have to be supported by the educat'On‘"‘Eossible set of virtual spaces may include [3]:
architecture under development. ¢ An information space - repository ("virtual
library") containing various types of documents or
data required by the actors to fulfil their function.
It contains multimedia materials (text, graphic,
audio and video objects) selected thematically for
the needs of the courses produced/distributed and
courseware on different levels of complexity

A learning space with the requisite tools to
complete assignments and to participate to
learning system.

A communication and collaboration space with
tools enabling actors to communicate, carry out
group activities and participate in remote seminars
and teleconferencing.

An assistance space where actors may get support
and advice or have their environment customised,
by calling upon either online support personnel or
computer-based help resources.

An authors' space, containing tools permitting the
authors to store, maintain, archive and finally
produce their educational multimedia materials.

These groups of end-users require two classes of
generic services to be supported by ARCHIMED
architecture:

A. Services for the learners

In order to ensure interactive use of multimedia

courseware by the learners the ARCHIMED

architecture has provide the following components:

* Access to a distributed repository (“virtual
library”), containing multimedia documents and
interactive courseware with different levels of
complexity;

e Tools, organising the processes of supervised
learning or self-learning using multimedia |
courseware in a distributed computer environment;

e Tools, facilitating the navigation through the
repository according to the user's needs and
profile (“information brokers”); .

e Tools, organising asynchronous/synchronous
group educational activities in distributed
environment (e.g. link to human tutors, bulletin
boards, peer reviews, discussion forums

. 'The models and tools in the architecture under
conferencing etc.).

consideration will be experimented on the following

target groups - 1/ graduate students of information
technologies studying courses on multimedia
technologies, computer animation, web graphics and
design; 2/ graduate students of journalism for courses
on mass media advertising. The experimental
courseware is developed considering some
requirements for learner-centered and project-based
fearning.

B. Services for the authors
These services provide means for the authors to store
maintain, archive and finally produce their educational
multimedia materials. In order to cover this service
class the ARCHIMED architecture has to support the
following elements:
e A document directory system and a database fo
storing the digitized pedagogical materials;

A web. interface for uploading materials on a webconsidering the current state, tendencies and traditions
server, for hardware use in the partner's sites ARCHIMED
architecture maintains the existing strong PC



orientation. The supporting operating system andetween the project partners. The respective transfer
multimedia database management system have tgpeeds are function of the communication policies and
ensure flexibility in application interfaces, systemsfinances of the institutions of the project partners.
intercorporability, connection decisions, network Their networks will be extended by adding Cluster
protocols, routing, distributed componeatlization, servers for achievement of more power and throughput
security on all levels etc. Considering the PCrunning the applications and Remote Access Servers
domination in server and client trends, Microsoftfor serving remote clients (from universities, schools,
Windows NT was chosen as an appropriate choice foBMEs etc.) who will use the developed environment
system support. Windows NT server looks propermethodology, tools, templates, courseware etc.) in the
server operating system for the goals of the project anftame of ARCHIMED. The connections between the
Windows NT  workstation or  Windows’95/ Bulgarian partners from Bulgarian Academy of
Windows’98 - a proper client operating system. Sciences work at the speed of 100 Mbps, as the three
institutions are situated close by. The connections are
For management of multimedia documents in networkbased on UTP with Switches (devices like Cisco1900,
environment an appropriate MMDBMS seemsCisco 2500, Switch-gateway Cisco3100), using TCP/IP
Microsoft SQL Server which has all the capabilities,as main routing protocol. The Local Internet Support
needed for such types of databases. SQL Server offe@entres use Remote Access Servers, based on PPP and
distributed security integrated with Windows NT with PPTP protocols for support of the remote clients.
central control of passwords across a domain and new
encryption services for logon and data stream. SQIMore information about the design decisions, functions
Server remains an open, interoperable platform thaand the structure of ARCHIMED architecture may be
works with what customers have and know. found in [6, 7]. The overall structure of the Bulgarian
Local Internet Support Centre is shown on Figure 1.
The virtual campus of ARCHIMED relies entirely on
the Internet connectivity for the communications
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Abstract

Visual communication is an area that acts as
an integrator to other disciplines, business
work  projects and institutions. The
collaborative models and innovative delivery
systems described in this document provide
“real world” experience, initiate accelerated
learning and develop flexible structures for
curriculum that meet the needs of business,
industry, the learner and the educational
environment. These models and samples
address many of the current issues facing the
computer graphics profession.

Keywords: collaboration, inter-disciplinary,
distance learning, video- conferencing.

1. Introduction

Schoolcraft College is a public, tax-supported
community college serving the people of
northwest Wayne County, in Livonia,
Michigan USA. The college district is
composed of five public school districts:
Clarenceville, Garden City, Livonia,
Northville, Plymouth-Canton and part of the
Novi Community Schools. Schoolcraft College
was founded October 24, 1961.

The Computer Graphics Technology program
at Schoolcraft College prepares students for
careers in computer graphics and graphic
design through a combination of classroom
and real world experiences. With this mix,
students learn to apply technical skills and
develop professional work skills. This
document identifies some issues facing the
graphics profession and describes some
structures and models used to address those
issues.

2. Computer Graphics Education Issues

e shortage of
professionals

qualified graphics

* keeping curriculum current with rapidly
changing technologies
e student expectations for high quality

applicable experience

The shortage of qualified graphics professionals
should not be over simplified to numbers
reflecting supply and demand. The shortage is
also due to a lack of coordinated efforts between
business/industry and educational systems.
Educational institutions struggle to keep the
curriculum current due to both rapidly changing
technologies and changing industry needs.
Students expect and should receive a high quality
educational experience that is applicable to the
needs of the market. These are not new issues but
the speed of change requires a new way of dealing
with them. The old model of education, work
experience and curriculum development as
separate activities needs to unfold into a real-time
simultaneous activity. Students can learn by
experiencing real projects that simultaneously
identify curriculum needs and deliver learning
(section 3—Sample).

e complex integrated communications, software
and hardware technologies require multiple
experts

- faculty development and training are an
institutional issue

Departmentalized educational institutions do not
reflect the integrated multi-disciplined reality of
the world. Complex integrated communications,
software and hardware technologies require
multiple experts for project/product development.
Computer graphics and visual communication is a
field that acts as an integrator to other disciplines.
Educational systems can provide a value-added
environment by allowing interdisciplinary
experimentation. Coordinated joint instruction is
not just a bonus for the student but has the added
value of faculty development. We need to look at
how we use our timéhow we can allocate



human resources to simultaneously teach and

learn (section 4—Sample).

e digital media, and communications
technologies such as Interactive Video-
conferencing and the Web are
mechanisms  for  developing  new
relationships  and experiences in
collaborative work

New communications technologies have
opened up opportunities for collaborative
relationships. We have a need to share
information in order to remain current in the
specialized technologies we pursue. Large
complex projects require multiple expertise
and the Internet and Interactive technologies
provide mechanisms to share expertise and
information (section 5—Sample).

3. A Flexible Program Structure
...enables a “Real World” Project
Philosophy

The  Computer  Graphics  Technology
department has adopted a “real world” project
philosophy. To implement this philosophy,
Stephen Wroble developed an innovative
flexible curriculum structure that meets the
changing needs of students, faculty, local
business and industry, and can adapt to a
changing technical environment. By creating a
track system with crossover electives, students
can create a more specialized sequence of
instruction. The curriculum structure was
developed with growth and change in mind.

The need for frequent curriculum revisions and
for specialization due to rapid changes in
graphics technology is also built into the
curriculum structure. The design elective
structure provides a mechanism for adding
new courses and a testing ground for new
tracks (see Figure 1).

For example, the screen design elective was
implemented initially for the Multimedia track
and initiated the development of the newest
Web Design track. The storyboarding design
elective is useful for many tracks and is
currently a testing ground for future animation
and videography tracks.

There are currently 5 tracks in the curriculum.
Publishing, Illustration, Digital Imaging,
Multimedia and Web Design. Students choose

2 tracks for an associate degree or can get post
associate certificates (see Figure 2). Our student
population includes both the traditional students

and graphic professionals returning to update their
skills. This mix gives the classroom an energetic

dynamic and a professional maturity.

ST illustration
Freehand N CGT 220
Design 4cr
Elective* — —
2cr lectronic
CGzTcrlll Imaging
lllustrator
SUTE 2 publishing
PageMaker e CG‘;I' 230
cr
Elective* [ I
2cr Electronic
CGzTC r113 Publishing
QuarkXpress

CGT 204 image processing
2cr

CGT 225
Photoshop 2} 4cr
Digital
Design Imaging
Elective*
2cr

CGT 104
2cr

Photoshop 1

eI multimedia

2cr
CGT 105 CGT 241

2cr Director 2 Acr

Director 1 Design or Multimedia
Music
Elective*

2cr

CGT 107
2cr

web design

Powerpoint X CGT 235

Design 4cr

Elective* ——
2cr Web

Design

CGT 108
2cr

\Web Graphics|

Design Electives Flexible Module Choices

CGT 150-Typography Design modules in development
CGT 151-Survey of Design —Color Theory
CGT 152—Screen Design —Legal/Business Issues

CGT 153—Portfolio Development-Interactive Writing

CGT 154-Music Sound Design —Transformational Geometry
CGT 155-Storyboards —Digital Video

CGT 156-Photography

Figure 1. CGT Tracks



Artor CGT
Electives

CGT 298
Honors Studies

First Track Sor Sor

or

CGT 250
Practical
Application
3er

CGT 250
Practical
Application

Basic
Design/Draw

3cr

or

Second Track

CGT 270
Internship

Electives

3er 3cr

Figure 2. CGT Requirements for
Associate Degree

Each track starts with foundation skills in the
basic drawing and design; application software
skills follow, along with design electives. Once
these skills are established, they are applied in
specialized projects for the track (CGT 220,
230, 225, 235, 241).

All of the tracks then converge into the CGT
250 Practical Applications. Students from all
tracks are mixed into this project class. The
“real world” project philosophy provides
students with a career experience in a
supportive environment.

In these project classes, students’ partner with
business and industry, non-profit organizations
or on-campus marketing design groups to
experience and learn through actual projects.
Because all projects do not fit neatly into
semester timeframes, projects can be extended
if necessary into a variety of forms: honors
studies, internships or additional practical
applications classes (CGT 251, 270, 298).

As a result of working on a real project,
students gain valuable experience in:

e Application of design techniques and
processes

* Project design and time management

*  Systems thinking

* Budgeting and production constraints and
analysis

e Collaboration and
relationship building

e Decision making based on research and
evaluation

e Communications, presentation

e Troubleshooting and problem solving

«  Critical thinking, and data interpretation

teamwork  and

Over the past 4 vyears, the Graphics
Department faculty coordinated close to 200
large and small projects for non-profit

organizations and the college. These were used in
both the track classes and in the Practical
Applications classes. Examples of the projects
include layout design for two literary journals, the
McGuffin and The Michigan Community College
Journal. Logo and T-shirt design for the Walk for
World Hunger and the disabled sports Wheel
Chair Hockey league, building and campus maps
for the Schoolcraft kiosks and Web site, graphic
design training materials for Statewide Methodist
Church publishers, displays for the Women’s
Resource Center, layout and design of the
Siggraph Education catalog and CD, and cover
designs for the Schoolcraft catalog and schedule.

Several projects were also done with six business
partners. Each business related project was
initiated through the Workforce Development
Office. The Workforce Development Office at
Schoolcraft College facilitates and implements the
development of partnerships between business,
industry, the community and education. These
partnerships help contribute to the development of
new teaching and learning systems for the college
This model allows the business partner to take
part in the learning environment and experience
the same learning objectives as the student, while
producing a product needed for the industry. The
Project Driven Learning System and Courses
(PDC's) are an example of a new learning system
for the college. The first PDC was designed in
partnership with General Motors Delphi.
Computer Graphic Technology students produced
a series of tools (Job Aids) that were designed to
help GM employees perform tasks and operations.
For the CGT program business partnerships
included:

1. GM-Delphi
Job Aids and Graphic Design Training
Manuals

2. Ford Motor-EEME Emerging Export Market
Engineers

Intranet based time reporting interface design

3. Johnson Controls
CDRom product
training

4. Crucam
Logo and marketing materials

5. Advanced Communication Incorporated
Operations manual layout

6. Environmental Technology Corporation
Marketing Trifold

implementation process

Imperative in the building of the business
partnership is the focus on the priority of the



learning process and not the actual product.
Unique instructional tools and methodologies
have also been produced to support the
delivery of PDC’s.

A proposal is written to document the

deliverable product, and also includes the
responsibilities of the learner, facilitator and

business partner in the learning process. The
proposal becomes the foundation for the
course and dictates both the applied technical
objectives, along with the process. A

framework has also been developed that
identifies a design process that guides the team
through the project. (e.g. Understanding the
scope of the project, the business partners
environment, needs inventory, team processes,
applying skills, devising production plans and

implementing and delivering the product,

debrief and learning analysis.)

As the class proceeds the project’'s needs are
discovered. This happens through meetings,
interviews, surveys, and other needs analysis
tools. The curriculum needs emerge and are
developed around the project needs. In the
example of the Ford EEME interface design,

CGI scripting, database and programming

skills were needed along with the graphic

design and HTML skills that already existed in

the group. A second phase of the project was
established as an internship for creating the
database connection to the graphical interface.
The students also learned about Ford Motor
Company’s culture and global markets.

The students maintain a skill process log where
they record and reflect on their learning and
team processes. A formal learning analysis
presentation is required in addition to
presenting the final product.

The benefit to the student for all types of
projects is a real experience in the production
process with both instructor facilitators and
partners. The benefit to the facilitator is current
curriculum and course development that meets
the needs of actual work. The benefit to the
partner is a learning environment to interact
with potential employees and a deliverable
product that meets a need. This direct input
into the educational system benefits both the
partner and the educational institution.

Two areas of caution and difficulty in
implementation of the business projects are the
partner’s priority and the project selection
process.

Partners who focused on the product and were not
concerned with the learning rushed the process
and became a management issue for the faculty
facilitator. Also, projects that were selected more

closely by the instructors were inherently more

successful experiences for the students. Projects
that were chosen incorrectly became extremely
frustrating for the faculty. Project selection must

be driven by the desire to provide the student with

appropriate learning opportunities and not by

some other political business relationship need.

By developing flexibility in the curriculum
structure, a program has been developed that
meets a wider range of individual specialization
needs. By developing a framework for
experimentation with “real world” projects, the
program can respond to the job market in the
community, fulfill non-profit service needs and
provide a resource for the college. Real projects
provide all participants with a relevant educational
experience and authentic curriculum development.

4. Interdisciplinary Collaborating
Environments ...Breaking the
Barriers of Departments

Several experiments have been conducted with the
Computer Graphics Technology department and
other departments at Schoolcraft College. With
these cross discipline experiments comes a
glimpse at the possibility of infinite combinations
of instructional offerings. Most recently in the
business arena, three instructors are coordinating
efforts in a course called Marketing and the
Internet. This includes a marketing instructor, a
graphic design instructor, and a language arts
instructor. The students in this initial offering are
marketing students, but the instructors have
considered the integration of students from all
three disciplines. Students are now analyzing Web
marketing from multiple perspectives of language
content, aesthetic look, technical and navigational
information design, and marketing concepts. They
have integrated graphic design and language arts
skills into their marketing presentation design,
merging different perspectives and blending
concepts. Faculty are also broadening their
knowledge base and learning from each other.

Other coordinated experiments have included a
multimedia class that requires both visual graphics
and the synchronization of sound and a Web
design project integrating the interface designer
and the programmer. An illustration class is
proposed to include a graphic design instructor



and a mathematics instructor bringing in the
dimension of transformational geometry.

For the student, the benefits of coordinated
teaching are obvious. Coordinated teaching
provides the student with the multiple
expertise of several faculty members or
consultants. The students become aware and
understand on a multidimensional level. They
also witness the collaboration and interaction
as the instructors become actively involved in
learning. The students were aware that this was
an experimental environment and provided
feedback and suggestions to all the instructors.
This behavior made them more open to
critiques of their own work as they learned to
appreciated feedback as an opportunity for
improvement.

A less obvious benefit from joint instruction is
the benefit to the faculty. By working
collaboratively in teams, around emerging
technologies, faculty members learn together
and are able to update their skills; training
occurs while simultaneously teaching. The
course develops out of the faculty and student
knowledge bases and out of the social
interaction taking place. This retraining and
investment in faculty development will pay off
in future offerings of the course and in the
development of alternative delivery methods
courseware.

Technology choices were made based on how
the technology enhanced the learning. In the
Marketing class, we experimented with email,
discussion groups, Web analysis and
Electronic Library research along with
presentation technologies. These experiments
quickly brought students together and formed a
communications mechanism to do work.
Marketing was the common language of the
class, and the cross-disciplinary approaches
were related to this foundational language. A
decision to use Marketing as the foundation
allowed this first offering to be managed and
coordinated around marketing topics, with
marketing students.

Future offerings will allow for better
integration of language arts and graphic design
principles into the planning. Future offerings
should be modified to allow for more faculty
integration and pre-planning time.

Several issues arose from this experimental class.
Administrative support is an issue for new
experimental delivery methods. The value of an
innovative faculty member is reflected in that
support. This is an issue that we must further
address in the expansion of the course. Investment
in faculty development through joint instruction
and support will pay off in the future, allowing for
improvement in the quality of our work. Each
teaming configuration might require a different
amount of overlap. A matrix compensation plan
was proposed to assist the administration in
dealing with the complex issues of compensation.
The matrix relates class session percentages by
instructor to a totaled minimum and maximum
range for the course. Factoring in the benefit of
instructor training can also help justify the
expenses of joint instruction.

5. Interactive Videoconferencing
... a Shared Learning Experience
with Multiple Institutions

The Internet, networks, and interactive video-

conferencing systems have expanded the
opportunities for collaboration across multiple

institutions. After attending a NSF workshop on

Instructional Computing, staff and instructors

from several institutions set out to create a
collaborative learning experience for students,
instructors and media staff. By combining

computer technologies with distance learning

delivery systems, a joint interactive-TV art and

design project emerged. This collaborative

activity has been done several times over the past
2 years.

Various levels of graphic design students from
three institutions were given a similar project. The
project this year was to create a Red Cross Blood
Drive poster. Students researched using the
Internet and gained insight into blood types, donor
populations and blood donation needs. Schoolcraft
College and the University of Wisconsin-Stout

graphic design instructors used email to prepare
the guidelines for the project, while the media

support personnel verify the compatibility and

connection of the systems. Schoolcraft College
agreed to act as the initiating site.

Second year students from the community college
participated along with fourth year students from
the University. The projects varied each year but
had some common objectives:



1. Students learned the features and tools of
graphic packages, while emphasizing
design principles.

2. Students, instructors and support staff
technicians were exposed to graphic
design as applied to video conferencing
equipment. This included a look at screen
design and video monitor display
including such topics as aspect ratio, safe
titte areas, interlacing, NTSC and color

limitations, along with comparisons
between compressed video resolution, TV
resolution and computer  monitor
resolution. This gave the students

experience in using features such as color
correction techniques, to meet the
technical limitations of the media.

3. Students had the opportunity to interact
with students from other schools using the
Internet and  video  conferencing
equipment. This helped them to develop
communications skills and introduced
them to people who may be future
collaborators. It also exposed them to
work produced by students in other
programs at other institutions. This is
beneficial to the instructor as both a
comparison check and for exposure to
other instructors teaching approaches and
critiquing comments.

4. Students were allowed to control the
conferencing equipment from the touch
control panel, giving them a unique new
experience with a new technology.

Teams of students orally, visually and
interactively presented their work for critique
using the interactive classroom. Technicians
assisted in training faculty and students so they
could present live in the Interactive TV
classroom.

The interactive TV room has a British Telecom

Codec that does any connection from a single
ISDN to a 1/2 T-1. The instructor/student used
a control panel that is Windows NT based.

Equipment is controlled using a touchscreen
icon based panel. This includes audio and
video switching and peripheral control. Video

and audio routing is through software and
interfaced to a 12x8 video matrix switcher card
and a 4x4 audio matrix switcher. There is an
RS232 interface to the professional VCR.

Audio functions from the control panel include
microphone mute, gain, speaker volume control
and mute, VCR volume control and mute, audio
calibration, privacy and refresh. There are two
directional classroom and instructor microphones
and a speaker systems. Other functions of the
system include automatic adapting to the acoustic
environment; this eliminates echo, feedback and
other noise.

The video functions such as camera selection,
camera positioning, AV routing, VCR control and
some testing are also controlled on the
touchscreen panel. There are classroom cameras,
an instructor camera, and a document camera;
which serves the purpose of an overhead projector
yet allows 3-D objects to be displayed. Twelve
preset camera positions can be stored as a profile,
allowing different instructors to preplan their
camera positions. Panning and tilting up down and
diagonally are controlled with variable speed tied
to the firmness of touch. The VCR controls (play,
stop, record, pause, fast forward, rewind, counter,
reset, eject) are also available from the
touchscreen and video recording can be of the
local site or the remote classroom.

Other peripherals include; the Computer with
Internet access, a video disk player, a facsimile
machine, telephones for fax, voice-speaker, and
remote diagnostics. There also is the capability to
take control of the remotes site’s cameras. One
remote site demonstrated their wireless tracking
system feature. The tracking system allowed the
instructor to move around the room and remain on
camera.

Schoolcraft College belongs to MICTA. This is a
communications organization that follows the
recommendations of the (ITU) International

Telecommunications Union. The ITU coordinates
global telecommunications networks.

(www.itu.int) MiCTA is a support mechanism for

the college technicians and works to maintain
interoperability specification for equipment and

connections with other sites. Information about
similar video conferencing systems can be found
at (www.micta.org/mictamap/).

Students from  Schoolcraft College and
Washtenaw Community College and the
University of Wisconsin-Stout have successfully
participated in joint project critique sessions using
the two way audio and video - computer
interactive television classroom.



This project could be expanded. Schoolcraft
College has agreed to act as the initiating site.
The goals of this expanded project could
include the following:

1. Create a 4-way link using a bridge to
connect multiple schools.

2. Experiment with partners from other areas
of the world. Initially in point to point

connections and then in  bridge
connections.
3. Initiate student project teams from

multiple institutions to collaborate and
develop relationships across geographic
boundaries, using Internet email
communications with a few sessions for
critigue and sharing in the Interactive
classroom environment.

An Internet variation of this concept could be
developed for those who do not have
interactive video capabilities.

6. Summary

The benefits of the collaborative models
articulated in this paper deal with some of the
issues and challenges of educating students in
a rapid changing environment. They do not
however come without some problems in
implementation. As technologies continue to
evolve and change at incredible rates,
education must look at ways to integrate the
tasks of education, work experience and
curriculum development. The CGT program
structure is very effective in providing a
dynamic curriculum model. The program has
grown from 2 to 5 tracks in less than 4 years
and has doubled in enrollment. Employer’s
hiring CGT graduates have sent positive
feedback to the program. Students expect a
high quality applicable individualized
experience. The flexible track and modular
design elective structure allows students to
tailor their curriculum to meet their unique
interests or needs. Some students although,
require extra guidance in this task, having
experienced more rigid, less fluid structures in
their past. Counselors also have difficulty with
the choices and rapid changes in the
curriculum. Faculty find themselves taking on
an advisory role. Curriculum developed around
actual real project requirements and

employment needs has helped identify weaknesses
and needs in the college’s curriculum and has
affirmed some of its strengths.

Faculty development must also occur quickly in a
rapidly changing world. Joint coordinated
instruction can promote peer learning among
faculty. The course exceeded its goals for the
initial offering, and identified some issues for
improvement. A more integrated articulation of
learning objectives will help coordinate efforts
and assessment. The benefits to the future of the
college along with the cost of faculty retraining
must be part of the equation, when funding is re-
evaluated.

We now live in a networked environment that
provides us with wonderful opportunities for
connections that we did not easily have in the

past. Faculty from multiple institutions have
opportunities to compare outcomes and
collaborate in learning  projects  using

communications technologies, such as Interactive
TV and the Web. Opportunities exist to build and
maintain global relationships through experiences
enhanced through technologies.

Computer graphics as visual communication can
act as an integrator for interdisciplinary courses,
cross-institutional experiences, and “real world”
projects. Improvement of learning happens with
frequent interactions and active involvement, this
is required in collaborative learning environments.
Collaborations are waiting to be imagined.

Tell me and I'll forget.

Show me and | may not remember.
Involve me, and I'll understand.

O Native American saying
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1

Educational  collaborations, using  enhanced
computer graphics, high performance networks,
and virtual reality technologies, will enable new
and exciting educational opportunities. Tee-
immersive collaborations can provide new learning
experiences and insights by joining educators and
students from remote locations in a shared virtual
space. Bringing together students with cultural
differences and diverse perceptions of reality into
this shared immersive space allows them to see and
hear the same objects and sounds and to share their
own unique views and perceptions, creating a new,
shared reality. My vision of this shared reality for
learning is based on three premises regarding
research and learning.

2. Premise 1: Methods developed for
resear ch naturally find their way into the
classroom.

The visualization lab has long been the crossroads
between research and education. The research
component in a university is an important facet of
the educational environment and cannot be viewed
as separate from "education.” Research is dependent
upon student assistants, both undergraduate and
graduate, many of whose theses will grow out of
the research. A professor's research pushes student
assistants learning experiences, and the results
from the research by both faculty and students find
their way into national presentations and into the
classroom.

Besides the fact that research labs provide the
educational environment for student assistants, the
classroom needs for computer graphics will also
push technological limits since student labs and
classrooms need the same capabilities as research
labs. Interaction is essential for collaboration, and
the appropriate user interface isimportant, lest the
computer get in the way of the students
exploration and interfere with students natura
curiosity.

3. Premise 2: Virtual reality, asan
interactive technology, is a valuable tool
for instruction.

As virtua reality technologies have recently
enabled scientists to better understand their data by
exploring the images of the data, so are these
technol ogies enabling students to better understand
the concepts they are learning. Although these
concepts may not be new to the world, they are
new to the students, and the same joy of discovery
takes place.

The University of lowa is making progress with
applications on three ImmersaDesks acquired
through National Science Foundation funding for
educational purposes and environmental research. A
year ago, there was very little software for
ImmersaDesks, and our programmers had a long
learning curve to get started. Now some good tools
have been devel oped and are offered free to the user
community. These tools include CAVESD, a
version of University of Wisconsin's VIS5D
software for environmental visudization, and
Limbo, from Unversity of Illinois at Chicago that
serves as atemplate for developing tele-immersive
applications, providing avatars, pointers, sound,
and other tools for working together in a shared
immersive environment.

We have ImmersaDesk applications in higher-
dimensional mathematics, geography, chemistry,
biochemistry, and computational fluid dynamics.
Some applications have begun as research and
moved to the classroom. Some entire classes come
over to the ImmersaDesk, so the students can
experience and share the instructor's discoveries. In
other cases, graduate students are sent over to work
with us.

One of the key projects being developed with the
NSF funds is the ENVISAGE Project
(Environmental  Visualization and Geographic
Exploration.) The purpose of ENVISAGE is to
allow students to experience a more complete
understanding of geographical processes by having



them operate in the semi-immersive 3D
visualization environment provided by the
ImmersaDesk and high performance networks.
Immersion, for analysis of mapped data and model
output, enables students to view relationships that
would otherwise remain shrouded by the
limitations of widely used graphics technologies.
Openshaw and Fisher, for example, assert the
following:

“It is important, therefore, to develop
technologies that attempt to understand the
data and develop views of the information or
database world in which attempts are made
by our clumsy spatial analysistoolsto find
patterns and relationships. Can we look
inside spatial databases and walk around in
them viavirtual reality concepts? Currently
we are so blind to many aspects of the data
and the data flows being analyzed. We cope
by being highly selective and subjective and
in the process probably fail to see and find
many of the patterns and relationships of
potential interest other than those we
blindly stumble over by chance!”

It is precisely this type of immersive exploratory
learning that we are bringing to undergraduate
education so that students will be able to more
readily grasp basic concepts that have a pronounced
visual component

4, Premise 3: Enhanced computer
graphics and tools for interaction, along
with high performance networks, enable a
shared learning environment.

We have learned a great deal in recent months by
participating in tele-immersive applications of
others and are now developing our applications.
Just as early research applications made their way
into industry, so have they also emerged as tools
for instruction.

Networked, collaborative learning can begin a a
very young age, as shown by the Narrative
Immersive Constructionist/Collaborative
Environments (NICE) project between the
Electronic Visualization Laboratory and the
Interactive Computing Environments L aboratory at
the University of Illinoisat Chicago. In NICE,
children can collaborate to plant and cultivate a
virtual garden and to creste stories from their
interactions. See Figure 1.

Figure 1. Boy in the NICE garden. Image
courtesy of the Electronic Visuaization
Laboratory, University of Illinois at Chicago,
1997. The NICE Project: Narrative,
Immersive, Constructionist/Collaborative
Environments for Learning in Virtual Reality,
developed by Maria Roussos, Andrew Johnson,
Jason Leigh, Craig Barnes, Chris Vasilakis,
and Tom Moher.

As universities have connected to the very high
performance backbone network service (VBNS),
they have looked for high-profile applications to
show faculty and administrators the value of these
new educationd and research  networks.
Applications that show an ability to link with
other universitiesand explore together in shared
virtual space have been popular. As part of the
Pennsylvania State University Internet2 Days, we
explored amodel of the city of Berlin with an
additional proposed building designed by a Penn
State professor of architecture, as shown in Figure
2. Boston University produced a wonderful,
whimsical Art World, and we appeared as avatars to
play in that world during the Supercomputing 98
conference. One of the 3D models from Art World
isshown in Figure 3.

What we learned from these experiences, we can
now apply to our applications and build new
collaborations worldwide. We recently worked with
the National High Performance Computing Center
of Taiwan. They were celebrating the connection of
their national high performance network, TAnet, to
the vBNS and other national and international high
performance networks. Because the time for their
planned celebration was 3 am. our time, they
recorded our tele-immersive session earlier. For
this presentation, we investigated together the
pressure fields on a high speed train going through
atunnel, shown in Figure 4. We are currently



working on geographic and computational fluid
dynamics applications, and we hope to develop
interesting collaborative opportunities with other
participants at GV E99.

Figure 2. CAD model of Berlin with sculpture
building as proposed by Lebbeus Woods.
Modeled by Reggie Aviles, Pennsylvania State
University (Penn State) Architecture Student..
Translated for use on the ImmersaDesk by Ray
Masters, Center for Academic Computing and
Affiliate Associate Professor of Architecture,
and George Otto, Manager of the Center for
Academic Computing Visuaization Group at
Penn State.

Figure 3. Image of the Martian Landscepe
from Art World, courtesy of the Scientific
Computing and Visualization Group at Boston
University. The following artists contributed to
the scene. Matt Harter, Paul Haman, Tom
Coffin, Jeong-Hoon Lee, and Karlo Takki.

Figure 4. Image of the ImmersaDesk showing
the pressure fields on a high speed train as it
goes through atunnel, the avatar of the remote
collaborator, and the pointer of the University
of lowa participant. This image illustrates a
tele-immersive  application  between the

Nationa  Center for  High-Performance
Computing of Taiwan (NCHC) and Advanced
Research Computing Services ad
Visualization, Information Technology
Services, The University of lowa.

There are till some issues with wide spread use of

these collaborative technol ogies:

1. Cost - Shared immersive technology is
expensive

2. Accessahility - The size of the equipment
requireslarge spaces. The interfaces are not
readily accessible by persons with disabilities.

3. Distance - Time zone differences make same-
time collaborations difficult. in the Taiwan
example, we settled on 6 p.m. our time on a
Tuesday, 8 am. Wednesday in Taiwan.

4. Network performance - Complicated graphics
and sound require fast networks and low
latency. In the Taiwan experiment, the
graphics were good, but the six second time
lag for the sound was disconcerting.

| look forward to meeting with other educators at
GVE 99 to discuss these issues and cultural
roadblocks to  tele-immersive  educationa
applications. | expect to be able to form some
interesting collaborations through which we can
share our tools and knowledge and make good use
of the national and international high performance
networks for educationa advancement.
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Abstract and departmentally owned rooms with support
provided by the centre or by the department.
The needs of Graphics and Visualization EducatiorEquipment in rooms may be installed or may be
(GVE) are often more demanding of teaching facilitiessupplied as required for particular lectures, normally
than are other subject areas. In the UK there isthrough a booking system. The result of centrally
political pressure to improve the student experienceowned space and insufficient funding is that use of the
through assessment of subject areas and as a result space is efficient but that the facilities available and the
the introduction of student fees. One area is the need tsupport provided tends to be at a relatively low level
improve the teaching facilities and methods of deliveryacross all rooms. The facilities are often inconsistent.
GVE may be considered to be very specialist and not Booking of rooms is rarely based on facilities required
key driver for facility improvement. The requirements,by a teacher but simply on student numbers and,
when met, can however provide improvement for allperhaps, special access requirements, e.g. wheelchair
There is also a need for widening the use of theccess. The AGOCG case studies showed virtually no
techniques. Despite many awareness raising exerciselinks between room bookings and the requirements of
the techniques are still seen as being specialists anthe teacher for facilities to support their preferred

there is little penetration in some subject areas. teaching method. The result is a very slow move
Keywords: teaching rooms, teaching methods, onlinetowards the use computers for face to face teaching.
learning, student experience. Lecturers tend to prefer to use low levels of technology

e.g. OHPs, slides and writing boards as these can be
1. Introduction guaranteed.

When delivering Graphics and Visualization Education3. Political Pressures

there is a need for the provision of appropriate teaching

space and/or technology for flexible learning byThere are a number of political pressures which make
students at a time and place of their choosing. this an interesting time in UK Higher Education.

This paper focuses on the needs of the teacher and t e1 Teachi R h
student for face-to-face teaching and the pressures -reac '|ng Vs esegrc o )
Higher Education Institutions for the provision of The UK ngher Education Institutions are all subject to
suitable teaching space. The perspective given in thexternal reviews by Government. These cover r_esearch,
paper is a UK one and is based on work undertaken giprough the Research Assessment Exercise and
the Advisory Group On Computer Graphics (AGOCGteac_hmg and learning thrOl_Jgh the _External Subject
[1) and the funders of that initiative, the Joint Reviews (formerly the Teaching Quality Assessment).
Information Systems Committee of the Higher . ) _
Education Funding Councils (JISC [2]). Some of thisThe pressure to deliver result_s in both areas is common
work is now being taken forward by the UK’s Standingto all |nst_|tut|_ons (about 185 in the UK), though aims
Conference for Heads of Media Services [3]. and aspirations vary. The pull on resources as
institutions strive to improve on research results can
The paper concludes by recognising the benefits which@ve an impact on the funding for teaching resources
might accrue to many teachers and students if th@hd support.
requirements of GVE are met within teaching space

provision, 3.2.External Subject Reviews
. . The External Subject Reviews focus on the student
2. Teaching Space Provision experience and are an intensive assessment of the

. i , i . delivery of teaching and the learning within a subject
Provision of teaching space in UK Higher Educationjy 5 Unijversity. The provision of appropriate teaching
Institutions tends to be a mix of centrally owned rooMSspace and facilities is part of this review.



6. Teaching Space fit for GVE

3.3.Flexible Learning Teaching space that is “fit for purpose” is the key to a

The current government strategy to develop life IonQ’successful experience for both the student and the
Iearnmgthar;d to ex;t)and the H:cg:]er rl?ducatu()jnl SeClofaacher. The requirements for GVE are towards the top
means that a greater rangé of teaching and learning ,q range of requirements. Online computer access,

met'hods need to be put i.n place if this Is to .b ata projection, good resolution display, suitable
achieved. The need to provide more flexible Ieam'ngolackout dimming lights are all needed. Such

methods allowing students to learn at a time and pla quirements would benefit all. Yet, these facilities are

of ?he" own c.hoosmg for some or perhapfs mpst %ar from common in UK Higher Education across the
their studies will be embraced as a concept in d'fferenlﬁrge numbers of teaching rooms

ways by different institutions. Many will adopt new

methods to some degree. 7. Widening the Use of GVE and Promoting

the Benefits
3.4.Student Fees
A further pressure to focus on the student experiencAt the same time, there is a lack of both awareness and
comes from the very recent introduction of student feetakeup of graphics and visualization tools in many

to be paid by all in UK Higher Education. disciplines. Many disciplines could benefit from the
use of these tools in both research and in teaching. In
4.The Perspective of the Teacher many disciplines the lack of takeup has been a result of

a number of factors including lack of inter disciplinary

The teacher needs to feel that they have a guaranted@rking and a lack of equipment funding.

availability of facilities before wusing different

technology for their teaching. The lack of online accesd he social sciences have been identified by AGOCG as
and data projection in teaching rooms results in cautioffisciplines which could benefit from the takeup of
and a lack of Wi”ingness to use new techno|ogy inVisualization teChniques, particularly in regard to the
teaching face to face situations. There is also a lack ginalysis of large and complex datasets and other data
confidence in many teachers which needs to bénining activities. Workshop output and case studies
overcome with training and support. Teachers need t6an be seen on the AGOCG Web site.

think about fall-back procedures if things go wrong and

to be supported to develop these. There is a major contribution still to be made by those
who have been involved in Graphics and Visualization
5. The Perspective of the Student techniques in both research and teaching for some

years. The techniques are applicable to many subject

Students are expecting to be able to access resourcd¥§as which have thus far still been little touched by
online. Lecture notes and support materials should bBWareness of the potential of these techniques. The use

made available online to support the wide range off such techniques in a wider range of subjects and the

students enjoying higher education today. Suctflémand that would inevitably cause for improved

students may be working their way through Universityt€aching facilities and the development of new

(common in the US but a new feature of UK Highert€aching methods in areas beyond Computer Science

Education) who may not be able to attend all lecturegvould benefit many.

The availability of materials online is also critical in

supporting the education of some students witiReferences

disabilities who may only be able to access materials in

a way modified to support their particular disability. ~ [1] ~ Advisory Group On Computer Graphics,
http://www.agocg.ac.uk (including various

Students also expect to be able to see the materials and  reports relating to Lecture Room Services at:

many rooms are unfortunately not suitable for data http://www.agocg.ac.uk/reports/mmedia/
projection. Some examples and good practice casestdy/casestud.htm
guidelines are given in the AGOCG case studies. [2] Lecture Room Services, Workshop Report

http://lwww.jisc.ac.uk/pub98/assist3.html

[3] Standing Conference For Heads of Media
Services
http://pari.mmu.ac.uk/msh/welcome.htm
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Abstract

Several technologies are currently being
developed that will have a huge impact on the
future of education. Advances in computational
power and graphics capability will give the future
home PC the capabilities of very high-end
workstations of the present. Advances in
connectivity will allow everybody to be connected
at all times with a very high bandwidth. Advances
in computer graphics software technology,
combined with advances in other fields, such as
simulation and artificial life, will allow us to
create realistic worlds for students to investigate.
These worlds will be Multi-User Shared
Environments (MUSE), i.e., students will be able
to interact with instructors, other students, and
intelligent agents in these worlds.

In this paper, | will briefly discuss the background
issues, vision for the future with some specific
examples, and our current efforts in this area.

1. Background Issues

1.1.Technology

Current home computers in the $2,000 price range
have a substantial amount of graphics and
processing power, e.g., a 400 Mhz P II, 128
Mbytes Ram, Open GL accelerated graphics card
with 8Mbytes of RAM, a 12 Gbyte disk, and a 17-
inch monitor. This is rapidly increasing and within
a year this class of machine will have a 700Mhz
processor with enhanced instructions for 3D
Graphics and MPEG-2 decoding, e.g., the Intel
Katmai cpu, 256 Mbytes RAM, a 20 Gbyte hard
disk drive, and a faster graphics card.

If we assume that Moore’s law (computers double
in power approximately every eighteen months)
will continue to hold, then a conservative
prediction for the home PC (with a cost of under
$2,000 U.S.) of the year 2009 will be as follows:
e Processing power about one hundred
times that of a Pentium 400 mhz cpu

e Main memory of about one to two
gigabytes
» Disk space of about one terabyte

People will be able to carry these computers
around and use portable displays such as
eyeglasses, i.e., the computing will be ubiquitous.
Another technology advance is in improved

Internet bandwidth into the home. Currently most
people connect via 56 K modems, but more other
technologies are rapidly becoming available. For
example, in many cities either Cable Modems or
telephone based DSL lines are becoming available
for about $50/month. These allow for speeds up to
1.5 mbits/sec or about as fast as a T-1 line.

By 2007 this will be of the order of fast ethernet
(100 mbytes/sec) and will be wireless. The
introduction of VRML 97 and Java 3D, combined
with the rapid advances being made in the
simulation of animals (artificial life) and of
humans are allowing us to approach the ideal of
the Star Trek Holadeck. We will be able to create
worlds for students to inhabit such that they can
change the parameters or else just live with other
creatures.

1.2.Trends in Education

Three major trends in education are:

1. The increasing emphasis on Distance
Learning, especially Web based learning

2. Life-long education

3. The increased use of technology in education

This means that web based learning technologies
and interactions are becoming increasingly

important. Students, especially older students, are
less and less interested in coming to a central
campus to listen to traditional lectures. They want
to be able to learn on their own time and at home.
However, there is still a role for the professor-

student interaction, either one on one or with one
professor and a few students, although this may
become a virtual interaction.



2. Vision for the Future

Imagine an Art History class where the instructor
is holding office hours in the class world, which is
structured as a virtual Art museum. A student
approaches the instructor avatar and states that she
has a question on a particular painting. The
instructor and student walk to the painting and the
instructor answers the student’s questions. The
instructor goes into another room and finds three
students discussing a particular sculpture. The
instructor joins in the discussion and walks the
students around the sculpture, pointing out
different aspects of the work. Note that the
participants are at their homes and are interacting
via computer and conversing using microphones.

If a student logs into the art world and the

instructor is not there, then the student can ask
guestions of her virtual companion. The

companion, one for each student, is an intelligent
agent that knows some information about the art
works in the museum. But, perhaps more

importantly, each companion is privy to the

sessions between the instructor and the other
students, and so can report about new interesting
insights that the instructor has given to other
students.

Imagine a biology class where the instructor leads
a group of students on a tour of a cell. One of the
students asks about the DNA replication process
and the instructor leads the group into another
world where this is occurring. The instructor
discusses what is happening with the students
while they observe the process. The instructor
and/or students are able to modify the process by
changing certain kinetic parameters and observe
the changes.

Imagine a zoology class where the students can
enter a virtual ocean and observe the interaction of
different species. The students might themselves
be different types of aquatic creatures, one might
be a shark and others might be a dolphin,
swordfish, whale, etc. They can design a new
species of predator, set up its parameters and
observe how it changes the inherent ecology.

All of these scenarios involve the use of a 3D
Graphical MUSE. In some of the environments,
e.g., the Art museum, the primary interaction
would be between students and their virtual
companion and the professor or other students. In
other environments, e.g., the virtual ocean, there
are other entities that interact with the students,

i.e., the students might not know which of the
other creatures were other students and which
were virtual creatures that were programmed to
behave in a realistic fashion.

3. Current Work

While the above scenarios are futuristic, we have
begun to work to develop aspects of them. We are
currently working with Art History faculty from
the School of Art and Design at Georgia State
University to design and implement a prototype of
a MUSE Virtual Art Museum. Our goal is to create
a generic museum that can be populated with
different sets of art works depending upon the
particular course. For example, a course covering
Renaissance Art would require one set of works
while a course focusing on the Twentieth Century
would require a different set.

We are using the Sony Community Place server
for this project and currently have a demo version
that allows three simultaneous users (we are
negotiating for a system that will allow up to fifty
simultaneous users). With this system, each
student can be given a CD-ROM with that contains
the Virtual Art Museum and a set of avatars. Each
student will be assigned to be a particular avatar.
The student can log into the server, and interact
with the other students who are logged in.
Currently this interaction can either be via typed
text or microphone. An advantage to this system is
that the bandwidth requirements are kept low.
Each user has the basic world plus avatars on their
own machine so all the system needs to transmit is
the updated viewpoint of their own avatar, the
updated positions of the other avatars, and any
communication (via text or audio). Therefore,
students at home with only modem connections to
the Internet can use it.

This project has just begun and we will report on
our progress at the GVE 99 workshop. Our initial
plans are to implement the Virtual Art Museum,
test it out with GSU students, and then to begin
implementing some aspects of the intelligent
agents.

Conclusion

The convergence of rapidly improving technology,
especially the improving graphics capabilities of
inexpensive computers, plus the increased need for
non-traditional distance learning has given rise to
the possibility of using web based interactive 3D
graphics worlds to radically improve education.



These worlds will be multi-user so they will be
able to facilitate student-student and student-
instructor interaction at a distance. We have begun
work on the design and implementation of one
such world, to teach Art History courses.
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Surgical Training

Surgical training is a long and expensive process. Much of it is done by mentoring, where an
experienced surgeon trains a junior colleague - either with the help of models, or on real patients. This
is demanding on the time of experienced surgeons, and potentially hazardous for patients. Recently
there has been considerable interest in the use of virtual reality approaches to surgical training: these
have the potential to allow trainees to work at their own speed, in a fairly realistic way and in a safe
environment.

Virtual Environments for Surgical Training
However typical virtual environments for surgical training are:

® dedicated installations using custom-built apparatus, which can only be used in one location

® expensive - often based on Silicon Graphics high-end products

® designed for individual rather than large class teaching

® specific to one type of surgery

® in prototype form as a research exercise rather than in everyday use for training

® lacking in serious evaluation as to the positive transfer of training skills

We have been investigating a different approach. Can we create simple but effective surgical training
applications that can be delivered over the Web? These will be VRML worlds which will execute
within a Web browser. If we can do this, then the advantages are considerable:

® accessibility the application can be run from anywhere in the world

® |low-cost the application can be run from a PC without specialist software (simply a VRML
plug-in to a Web browser)

@ distributed: if powerful computation is required, this could be provided on a remote server, shared
between all users

® class sizelarge numbers of trainees can be handled

® generality: one could imagine a family of applications, with a consistent methodology, being
made available for a range of surgical procedures

Of course - there is a price to pay, namely realism. Can we provide sufficient realism in a Web-based
simulation in order to provide useful training?



Applications

We have been collaborating with three groups of surgeons and radiologists at Leeds, in order to
investigate the potential of Web-based training. All three applications - while coming from quite

different branches of surgery (vascular, neurosurgery, orthopaedic) - require the surgeon to manipulate a
tool through the human body. Our approach likewise is common: we convert data from a body scanner
into a geometric representation of the part of the body involved, storing this geometry as VRML
primitives; we create a geometric model of the surgical tool, again in VRML,; and finally we provide

some virtual interaction where the user can manipulate the tool through the body. Two of these
applications are described below.

Neurosurgery

Marripeclationy Tramsparency

Neurosurgery is a very demanding area of surgery where complex operations are required. These are
often composed of a sequence of simpler procedures, with critical decision-taking required in putting the
sequence together. If things go wrong, they go wrong quickly and disastrously. This makes it an
excellent application area for web-based virtual environment training: the simple procedures can be
rehearsed safely, efficiently and inexpensively.

We have developed one simulator for the treatment of intractable facial pain (which if untreated can be
so unbearable as to result in suicide). An accepted treatment is Percutaneous Rhizotomy: it is a safe



procedure when performed by experienced hands. Surgeons direct a needle into the medial portion of
the foramen ovale, to partially destroy the sensory root for relieving the facial pain. In practice,

surgeons mark three points on the patient’s face: from these points, a surgeon envisages the coronal and
sagittal planes through two of the points, and directs the needle from the third point to the intersection of
these two planes.

The simulator is shown above. The application is a linked combination of VRML worlds. The skull is
modelled in terms of VRML (a large IndexedFaceSet)

and the needle too is a VRML object. The application allows the trainee to mark points on the skull, and
insert the needle through the skin, manoeuvring it through a hole in the skull. The coronal and sagittal
planes can be highlighted if the trainee needs some guidance (see the picture above). We have used
three VRML worlds. One world acts as the control panel, with manipulators that simulate hand
operations of the surgeon. The other two give views of the patient: the large view in the lower part of
the application is an 'exocentric’ view from outside; the top-left gives a more 'egocentric’ view, as seen
from the tip of the needle. Collision detection is important - but a problem in VRML which supports
only viewer-object collision, not inter-object collision which is what is required here. However, we can
use the egocentric view to capture collisions, and transmit collision information to all the linked worlds.
The linking of the VRML worlds is carried out using the External Authoring Interface (EAI).

We have developed another simulator for craniotomy where part of the skull is removed so that the
neurosurgeon can gain access to a brain tumour. In this procedure, the neurosurgeon drills a number of
holes in the skull around the area to be removed, and then using a small saw, makes cuts between the
holes.

This simulator is shown below. The application is a VRML world with a model of a human skull as a
large IndexedFaceSet, with a brain model inside. The trainee can make the skull transparent in order to
see the tumour. In the training exercise, the trainee marks points corresponding to the holes to be
removed. The simulation then removes the triangles within the area to be cut out, so that the trainee can
check the success of the virtual operation.
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Interventional radiology is another complex area where web-based virtual reality has the potential to
become an important training aid. In our work we have been looking at a simulation of treatment of
abdominal aortic aneurysms. This is a swelling of the aorta; if untreated, the aneurysm may burst
causing a critical condition. The treatment involves placing a stent inside the artery to shield it from the
anuerysm. This is achieved by inserting a series of guidewires and catheters from an incision in the
groin. These instruments are manipulated through the femoral artery, and into the aorta. It is a highly
skilled operation, requiring some ten years’ training.

The simulation is shown above. It is altogether more complex than the neurosurgical applications
because we need to model the deformation of the catheter or guidewire as it collides with the walls of
the artery. Again we have a VRML world which contains a model of the aorta and the surgical
instruments. Top left shows the exocentric, overall view, top right the egocentric view from the
catheter. The lower left area shows an interactor that will push/pull, or twist, the catheter. The lower
right shows a CT scan corresponding to a 2D slice through the aorta which can be selected by the
trainee.

The system architecture for this application is quite complex. Deformable modelling requires
compute-intensive calculation - which may be beyond the capability of the client machine. Thus this
application uses a server process to execute the physically-based modelling code which computes the
deformation of catheter and guidewire. It also tests for collision between the catheter and artery wall.
Communication between client and server needs to be as efficient as possible, since the combined
application needs to operate in real-time.



Critical Issues - Interaction, Visual Realism and Haptic Feedback

This is very much work in progress but we now have three years experience and are able to identify the
critical issues.

In our approach we rely only on a mouse as physical input device. Mouse movements are mapped to
manipulation of virtual input devices in the VRML world - in the neurosurgery application, to simple,
generic devices; in the vascular application to a virtual representation of the real catheter. The issue for
training is to what extent this can replace the real input device.

We also need to understand the extent to which visual realism is important. In the vascular case, the
radiologist has only a mental 3D model of the vascular structure - there is no camera on the end of the
catheter. This mental model is constructed from intermittent X-ray images, and from feel - plus years of
experience.

Finally, in both applications, haptic feedback is important in the real-life simulation. An expert
radiologist can operate almost by touch alone. With simple Web-based tools we cannot provide force
feedback (although force feedback mice are soon to be available). However in the vascular case, we
have been able to simulate force feedback by colouring the virtual catheter.

Conclusions

We are studying whether simple Web-based computer graphics can help in the training of surgeons and
radiologists. We can never hope to achieve the realism of expensive, dedicated VR simulators, but we
believe we can create useful tools nonetheless. Through VRML we gain a solution that is both portable
and scalable. Moreover we can take advantage of new developments in VRML - such as proposed
extensions to multi-user working that could allow collaboration between surgeon and trainee.

The major question to be resolved is the degree of realismdhdto be achieved. Perhaps too much
realism can be a bad thing! In the area of rendering, there has been a powerful movement in favour of
non-photorealistic rendering, where an expressionist style of rendering is used to create a more
interesting final result. There may be a parallel in surgical simulation, where the key parameters in the
simulation are extracted and presented to the trainee in an 'expressive’ style. We would hope to discuss
this at the workshop.
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Abstract postulated on the basis of interpretations of how the
external representations (graphics, signs, tables,
This paper is centred on the study of the role thadrawings,...) are produced and wused in the
information visualisation can have in mathematicscommunicative context of the teaching/learning
learning. A theoretical analysis is worked out in orderprocess and on the basis of the justifications that
to give account of the complex phenomena that takeveryone gives of this way of use.
place in the classroom in order to allow students toThe two mappings evidenced by Dreyfus are important
construct a mental image of the mathematical objectvhile studying the conditions under which computer-
involved in the activity. This theoretical analysis is thesupported visualisation is useful for mathematics
reference to study the different didactical functions thatearning.
information visualisation can develop in learning This is true both for the design of new systems for
process. This different functions are discussed makinghathematics education and for the analysis of how
reference to the role that Cabri Geométre can have irsystems already available on the market can be used in
the teaching/learning processes of Euclideanthe classroom.
geometry. In this work these two mappings will be discussed,
Keywords: Mathematics learning, Information analysing the roles assumed by information
visualisation, Visual imagery, mathematical discourse visualisation [7] in the teaching/learning processes of
mathematics. This analysis will be carried out on the
1. Introduction basis of the experience we have developed in the
design, implementation and experimental evaluation of
We use the term visualisation to refer to the complex¢omputer-based visualisation systems for mathematics
phenomena of visual imagery that plays a central roléearning [1].
in all meaning and understanding as well as in all
reasoning. About the nature of images that the min@. Mathematical objects, visual representation,
forms following an external stimulus, many studies, mental image
also on contrasting lines, were developed in the last 20
years. Here we are interested in the phenomena @or the aims of our work we consider Mathematics as a
visual imagery that take place in maths learning and ilomain of knowledge that is concerned with
particular in the dialectic that develops between*mathematical objects”, that is to say with objects with
dynamic external visual representations mediated byertain specific properties. Mathematical objects are
the technology (information visualisation) and visual abstract objects; indeed mathematics objects are not
imagery. amenable to any concrete imagination or manipulation;
Speaking of external representations we mainly refer tehey are immaterial, not tangible and accessible only to
two or three-dimensional representations of someur thinking
aspects of a mathematical structure. Suchn mathematics learning, differently from the physical
representations may be static or dynamic as in the cagencrete world, the learning object cannot be shown in
of representations mediated by the computer. Dreyfuan obstensive way, can be only conjured up by means
in [2] pointed out that the dialectic between externalof the use of external representations. There is not the
visual representation and visual imagery implies twopossibility of directly accessing that “thing” that we
mappings: from the mathematical structure to thecan suppose to be the meaning of the representations.
visual representation and from the visual representatiomathematical concepts such as numbers, functions,
to the mental image. While the first mapping can bevectors, (which are not objects in a usual manner, but
subject to mathematical analysis (epistemologicalvhich embody relationships) are not directly accessible
analysis of the knowledge embedded in the structure afirough everyday experience nor within intuitive
the visual representation), the second one is much moggerception, as for instance real or physical objects are,
difficult to analyse, since there is no direct access t®ut they have to be represented by signs or symbols.
mental images. So this latter mapping can only be



This is true also in the case of Euclidean geometricaio say it contributes to structure an image of the object
learning (as we will see in section 4), where theof this activity, that is a mathematical object. It is
perception involved in  managing external important to observe that mathematical discourse that
representations (drawings) can be also an obstacle femerges in social interaction within the activity is
the construction of a mental image, theoreticallyqualitatively different from any representation.

founded, of the correspondent geometrical objectUnderstanding what a mathematical object is depends
(figure). crucially on a very specific way of viewing and
Representations and symbols of mathematics establigheating representations and their related mental images
a semiotic system which is of fundamental importancevithin a mathematical discourse.

for any mathematical activity. In other words, taking into account school practice in
According to this epistemological position which students and teacher are involved, the
mathematical knowledge is not simply a ready madeelationships between external visual representation,
product that can be directly introduced into processemathematical discourse and mental images can be
of teaching and learning. The new mathematicakketched in this way.

knowledge will only be actively constructed, in social Within an activity, the structure of external
interaction, by the student in his or her learning proceseepresentations mediate the possibility to develop a
within an activity. meaningful mathematical discourse about the
For example, in the approach to rational numbers theroperties of the mathematical object starting from
relationship that takes place between representatiomow the properties of the external representation are
and the mathematical object which it refers to (rationalised in practice.

numbers), is very complex. The discourse abouMathematical discourse (which is always mediated by
rational numbers suggests that these abstract objedtse reference to the mathematical object) allows a
are unique entities; on the other hand we have variousetaphoric use of the concrete meaning developed by
representations for the rational numbers: the commoworking with external representations within the
fraction symbol, points on the number line, structure of an activity. It allows us to associate
materialisation of different kinds, classes of pairs ofinterpretations to the external representation used in the
integers; these material objects of representations dactivity which can be justified on the basis of actions
not enjoy all the properties we attribute to rationaland goals as actually generated within an activity (in
numbers [3]. relation to some problem or task) and on the basis of
It is not easy for students to understand that 2/3 and 4ultural and historical considerations on the value and
are two different fractions which are quivalent sinceproperties of the mathematical object involved in the
they refer to the same object, that is to say to the san&etivity. In this way the mathematical discourse
rational number. Showing that 2/3 is obtained from 4/6contributes to transform an external representation into
dividing the numerator and the denominator by 2 gives mental image of a mathematical object, that is to say
us a method that permits us to justify the conditionsnto an image of the abstract object which transcends
under which the two fractions are equivalent but wethe structure and the characteristics of the external
cannot work out an obstensive test of such an objectpresentation.

and of its properties. We do not have imaginativeFrom a psychological point of view the dialectic
access to anything which we could consider an imagbetween external representation and mathematical
of the rational number represented by 2/3 or 4/6. discourse mediates the possibility for the subject to
The image of this mathematical object emerges in theontrol, on the basis of external stimuli (external
dialectic between understanding and expressionepresentations), the accordance of the mental image of
relating to the mathematical activity in which the the mathematical object involved in the activity with
participants are involved. This image entails anthe shared ideas of the society.

orientation to negotiations with oneself about meaningHence according to [3] grasping the properties of a
something that is outside the experience of schoainathematical object is always the result of interplay
students [6]. between visual and diagrammatic aspects involved in
The image of the mathematical object is strictly linkedmanaging external representations and prepositional
to the image of the mathematical activity that isaspects of the discourse with respect to the
negotiated by the participants in school practice. It ignathematical object involved in the activity.

conditioned by social interaction; on one hand the

structure of the external representations provide8. Information visualisation and mathematics
meaning for the mathematical discourse about the |earning

mathematical object involved in the activity and on the

other hand the mathematical discourse contributes tq)he design or the use of a Computer_based System for
structure an image of the mathematical activity, that isnathematics learning requires careful consideration of



the conditions under which the characteristics of formwhich they can use visualisation supported by the
and interactivity of a system can develop, within ancomputer in order to explore and manage freely an
activity, a dynamic relationship between externalenvironment designed to address the construction of
representation and mental image which is effective fosome mathematical knowledge. Other systems that
learning. present these features are systems for simulation.
According to [5] we use the term information Another important didactical function of information
visualisation to intend the use of computer supportedyisualisation is to offer expressive ways to allow
interactive, visual representation of abstract data tstudents to externalise their own knowledge of a
amplify cognition. This definition is particularly domain (expressive function). This function is present
appropriate when it refers to the teaching and learningghen representative tools, which student can easily
processes of mathematics. As previously pointed outontrol both on an operative and a conceptual level, are
mathematical objects are not amenable to any visuahade available within a system.

perception or manipulation. The traditional approach toA third didactical function regards the possibility to
mathematics knowledge is a symbolic re-constructiveoffer ways to validate the solution strategy involved in
approach and it is developed inside the interactiorthe problem at hand (validation function). In this case
between the student and the teacher, usually accordingformation visualisation makes available verification
to a transmissive teaching strategy. In this approachethods that are checked on a perceptive level and are
students have few opportunities of exploring theable to test the strategy developed.

functionality of the symbolic representation at handSystems that present this didactical function make
and of reflecting on the properties and characteristicavailable tools that allow students to justify their
of its structure. The prescriptive character of thesolution procedures on the basis of verification
mathematical discourse that emerges in the classroomethods that are internal to the system.

focuses the attention on the system of rules attached # fourth didactical function is connected to the
the symbolic representation at hand and leaves in theossibility to have available tools that allow the student
background the construction of a mental image of théo store the solution steps performed in order to
mathematical object involved in the activity. successively re-visualise them in sequence. In this way
Information visualisation can allow the student toit is possible to re-construct the story of the solution
access mathematical knowledge integrating therocess performed. Systems which make available this
symbolic re-constructive approach with a motor-kind of tools make possible to objectify, de-personalise
perceptive one. This latter approach involves actionand de-contextualize a solution procedure in order to
and perceptions and produces learning based on doingpiccessively transform it into an object of discussion in
touching, moving and seeing. As already pointed outhe social context of the class (supporting mathematical
by Kaput [4[, a visual representation system based odiscourse function). This discussion can have different
direct manipulation interface is an interactive mediumaims such as the comparison of strategies, the analysis
which responds to the user's action and which offeref the properties (and of the their relationships)
the possibility to create new notational systems or ténvolved in the procedures, the re-interpretation of such
introduce a new dimension, movement, withinproperties in relation to a theory of reference.
traditional ones. According to the nature of the knowledge domain
Information visualisation offers the concrete possibilityinvolved in learning, the different described didactical
to implement better and more easily classical visuafunctions of information visualisation can be pursued
representation mathematics formats (graphs, drawing# different ways. In the following, we will try to better
tables, etc.) but also to enrich them with additionalexplicit how information visualisation can affect
features such as movement and interactivity and ttearning mathematics, analysing these different
integrate in the same environment (or in interconnecteflinctions in a specific domain of knowledge supported
environments) multiple formats of representations. by computer.

Within the context of use of the system, information

visualisation can support different didactical functions4. Information visualisation and learning

which are crucial in the teaching and learning Eyclidean geometry

processes of mathematics.

Information visualisation can offer ways which allow Geometry is a knowledge domain in which

students to explore the knowledge domain, embeddegsajisation within a microworlds has brought to

in the system (exploratory function). Systems thafmpressive progress with the development of the
present these features have been demonstrated to éﬁncept of “dynamic geometry” exemplified by

very ef‘fectiv_e for learning mathematics: they aregystems such, for example, Cabri Geéométre. The
defined as microworld based systems. The pedagogicglsearches worked out in relation to the use of this
objective of microworlds is to offer students a space 'r!system put in evidence that its mediation can modify



the way to enter into contact with geometricalfigure, under the drag action, are preserved (validation
knowledge. The changes brought into the didacticafunction).

activity by the use of Cabri can be debated in terms of:Moreover the use of this new dimension, the
* New status assumed by the geometrical constructiomovement, in the body of Euclidean geometry, makes
as mediated by the system; available new visual tools to overcome epistemological
* New possibilities of development of a mental imageobstacles connected with the relationship between
of a geometrical construction, theorem and proof, aslrawing and figure in the domain of Euclidean
mediated by the system. geometry.

In this framework we note that the first aspect can bés stressed by Laborde [7], the drawing refers to a
put into relationship with the mapping (as reported inmaterial entity with which one has a perceptive
section 1) from the mathematical structure to the visualelation, figures refer to theoretical objects, that is to
representation while the second aspect concerns tlabstract geometrical object that are described by texts
mapping from the visual representation to the mentalvhich define them.

image of geometrical construction, theorem and proof.In traditional didactical practice we note that several
The relationship between geometrical construction andifficulties emerge in the geometrical construction
visual representation available with Cabri istasks. Students work on the material drawing while the
particularly interesting. teacher expects they work on the figure or on the
By means of Cabri it is possible to perform every typesiescription of the figure. In other cases students do not
of geometrical construction, within Euclidean consider that a geometrical construction task can
geometry. Performing a geometrical construction byinvolve the use of geometrical properties; rather they
means of Cabri does not implicate aspects of measurmtend it as the request to produce a material visually
but it is strictly connected with the deep structure ofcorrect drawing.

Euclidean geometry. The fundamental element ofAccording to this framework, the opportunity of
every construction is the point. Some objects aralragging the variable elements of a construction is an
directly defined in terms of points (i.e. a straight line isimportant tool for favouring the evolution of students'
defined by means of two points). Other objects aremental images, which are related, with the notion of
defined as functions of some other objects alreadgeometrical figure and with the task itself of
constructed (i.e. a straight line passing for a poingeometrical construction (exploratory and expressive
perpendicular to a given line) [7]. function)

Cabri makes available primitives deeply linked with As an example the way in which student’s approach
the axioms of the Euclidean geometry but also a neweometrical constructions with Cabri can be
visual direct manipulation opportunity: to drag the considered. At the beginning students work on the
variable elements of the geometrical construction orirawing on the basis of perceptual and figural stimuli
the screen. In this way students can observe whickeceived from the screen instead of to perform a
properties are preserved when the construction isonceptual control of the perception, exploiting the
modified with the drag action. The movement action possibilities offered by the system. Only when
produced by the drag action is a way to externalise ththey realise that their empirical strategy does not get

set of the relationships that define a figure. through the dragging test, students, in general, begin to
These representation tools of Cabri can be used in bodpproach the task by using constructive methods which
exploratory and expressive modes. allow to maintain the properties of the figure when the

In the exploratory modes, the use of thesedrawing is dragged on the screen. It is in this moment
representation tools containing domain models permithat the relationship between figure and drawing is
the student to examine the consequences of differegioing to be modified and the student elaborates a new
model, some of which fit and other of which conflict mental image of geometrical constructions.
with the student own ideas [9]. The evolution of the mental image of geometrical
In the expressive mode student can examine their owoonstructions is crucial in geometry. As the matter of
knowledge of geometrical construction by beingfact, each geometrical construction incorporates a
encouraged to experiment with their own theorizingtheoretical meaning, which goes beyond the practical
[9]. task of its construction. Mariotti in [8] shows that there
Mariotti [8] highlights that the drag action of Cabri hasis always a correspondence between the specific tools
a crucial importance both from a didactical and anand rules used for the construction and a set of axioms
epistemological point of view. By means of this actionwhich structure a part of a theory. Inside this theory a
students can validate the constructions performed; thealid construction can always be put in correspondence
construction task is solved when the drawing getwith a theorem
through the drag test, that is when the properties of th&eometrical learning needs to move from context-
based methods of validation (e.g. the dragging action



of Cabri) to theory-based justifications (deductive
method). This passage is neither simple nor automatic.
It requires an educational approach able to support thp]
acquisition of the deductive method. In this framework

it is important specify the role that Cabri can assume in
supporting this didactical approach.

In Cabri, for example, an important command is
available at this regard: the "History command". This
command permits to visualise step by step on thg3]
screen all the actions performed by the user to obtain a
given geometrical construction. Such a command can
develop some important function from a didactical
point of view.

As put in evidence by Mariotti [8], the History
command allows to develop interpretations and
anticipation acts which can favour the passage fronj4]
justifications based on physical actions and graphical
effects to justifications based on a deductive model. In
this passage there is the development of the capability
to justify the validity of a procedure at the conceptual
level (demonstration) on the basis of initial hypothesis,
geometrical axioms and previously demonstrated
theorems. [5]
This passage cannot be spontaneously built as the
result of the student-software interaction (e.g. as the
result of having observed on the screen constructionfg]
that can be modified preserving some properties). The
deductive method is built in the social interaction when
students can experiment, under the teacher's guidance,
the importance of justifying the accomplished
procedure according to methods, which go beyond7]
perceptual validation.

In the Cabri environment the History command is a
fundamental tool at this regard. With this command the
accomplished procedure becomes objective, de-
personalised and de-contextualised.

In this way it is possible to focalise the attention on the[8]
properties of the construction and on their relationships
and to consider them in the light of a geometrical
theory and of previously demonstrated facts.

The History command is an important tool to maintain
the mathematical discourse, which is developed in th¢9]
class on the value, methods and techniques of
geometrical demonstration integrated and "in focus"
(supporting mathematical discourse function). This can
be obtained thanks to the possibility offered of
analysing and putting in relation the accomplished
constructions
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Abstract

Virtual reality is an emerging computer visualization
technology which allows educators to place their
students into instructional environments heretofore
difficult or impossible to achieve. In order to take full
advantage of this technology, a virtual environment,
"Virtual Water", is being developed. Virtual reality has
been recently employed in a few educational
applications, but the project presented here is the first
application we know of combining aspects as atomic
and molecular orbits, electron densities, water
molecular dynamics for the liquid and gaseous phases
and phase transitions.

Keywords: virtual reality, water, molecular dynamics,
guantum mechanics.

I ntroduction

In the past fifteen years, research on physics education
has brought a lot of information about the difficulties
students have in learning physics. At the sametime, the
ongoing revolution in information technology has led
to new tools for creating innovative educationa
environments. In response to these developments, a
wide variety of new models of physics instruction are
available.

People's understanding of what computers can do has
shifted dramatically as the size and cost of these
devices has decreased while their power has increased.
At the beginning, computers were seen as number-
crunching machines, but now we have tools to
manipulate information, namely in the graphic form.
Up to now, the use of computational means in Physics
education stood mainly on the creation of 2D
representations that the students could use to build
more refined mental models. However, recent advances
have created new possibilities and the visualization of
3D objects and data becomes increasingly important in
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learning several scientific subjects (in particular,
atomic and molecular science, fluid dynamics, etc.).
With virtual reality (VR), the visualization of complex
data and the building of more adeguate conceptual
modelsispossible[1, 2].

VR is one of the most significative steps towards a
natural human-computer communication, allowing an
easy presentation and an intuitive grasp of complex
data. Virtua environments can represent various
aspects of a natural environment or even a totally
artificial world. The inclusion of haptic information
and direct manipulation contributes to the impression
of being immersed in areal situation [3]. Perception, as
learning, is an individua act. Since each person
evolves a unique psychomotor approach to interacting
with a physical environment, individuals have more
varied responses to 3D interfaces than to the standard
2D graphical interfaces with menus, windows, and
mouse.

The Physics Department of the University of Coimbra,
Portugal, the Exploratory Henry the Navigator, the
Computer Graphics Center (both also in Coimbra) and
the High Education School for Technology and
Management of Guarda, are developing the "Virtual
Water" project, a virtual environment devoted to the
learning of Physics and Chemistry. This work involves
the know-how of different fields (computational
simulation of physical systems, computer graphics and
science education) in order to arrive at a useful
scientific-pedagogic visualization of water.

The main goa is to enable the user to visit virtua
attractive and enjoyable sceneries where he can learn
the congtitution and properties of water. The user will
be able to interact and “change’ the environment to
better understand the structure of water. The virtual
environment is realistic and comprehensive, allowing
for exploring the atomic constituents of water as well



as macroscopic structures. With this environment, the
study of the atomic units, the molecule geometry, the
molecular orbitals, the electron density, and molecular
norma modes is facilitated. Using simplified
equations, as those of Newtonian mechanics with the
Lennard-Jones potential, simulation of the molecular
dynamics of the solid, liquid and gaseous phases and
phase transitions, is also available. Redlistic
simulations use more complicated forces [4].

Description of the Project

The study of water is motivated by the fact that a better
understanding of it, in its different functions and
aggregation states, is only possible if the water
molecule itself and the behavior of a set of molecules
in given conditions are understood. With the speed of
modern computing resources, it is becoming common
in research to model agueous systems atom by atom,
moving each molecule in response to the forces acting
on it. These advances should be followed by education
applications.

2.1. Our Problem

Innovative practices using computers are being tried
for teaching and learning science [5]. VR has been
touted as a powerful teaching and training tool because
([6] [71, [8]):

Supports direct experience of phenomena.

Is3D.

Allow for multiple frames of reference.

Offers multisensory communication.

Isphysical immersive.

However, current immersive VR technology has
several limitations that may impede usability and
Iearnmg I9M:
Head-mounted displays and gesture devices
interfere with interaction.
Input devices have
versatility.
The display capabilities are somewhat limited.
Multisensory inputs can interact to cause
unintended sensations and perceptions.

restricted fidelity and

Through the design of "Virtual Water" we have started
to determine how the characteristics of VR influence
usability and learning. At present, achieving VR's
potential to enhance learning requires transcending the
interface barriers through paying careful attention to
usability issues.

2.2. Our Approach

To design a educational virtual world, we have adopted
an iterative learner-centered design approach that
focuses on usability and learning. The main goals in
produ0| ng our application are;
To provide an educational environment for
students to explore some microscopic and abstract
concepts, which they are teached in class but are
far away from daily experience.
To develop a practical knowledge concerning the
application of VR techniquesin education.
To contribute with data on the pedagogical
usefulness of VR. People in the field have an
intuition that VR can have a strong impact on
learning. But believing in VR is not enough: its
usefulness has to be proved.

2.3. System Configuration and M odels Development

The interface of our immersive, multisensory
environment is typical of current high-end VR.
"Virtual Water's' hardware architecture includes a
Pentium 11 processor with 3D graphics accelerator. For
the navigation and immersion in the virtua
environment, we use the Head Mounted Display V6
from Virtual Research, as well as one Cyberglove with
cybertouch (for haptic information), from Virtua
Technologies, and a Polhemus Isotrack I magnetic
orientation position sensor for two receptors (see
Figure 1). This class of hardware will not be common
in classes in the next years, but it allows us to deliver a
product with minimal quality.

Glove Tracker Receiver

Figure 1. The virtual reality hardware interfaces.

Concerning the software, we use WorldToolkit (from
SenseB), that serves the definition and creation of the
virtual scenarios, and other packages for model
development. For the design of the first part (quantum
mechanics) of "Virtua Water", we use mainly the
freeware PC Gamess [10], that performs the water
molecule calculations (namely geometry optimization,



electron density, etc.) and the freeware Molden [11]
package for molecular representation. For the second
part (molecular dynamics), we use commercial
software packages (Mathcad, 3D Sudio Max and
Autocad) for development of models and optimization
and Visual C™* for implementing the molecular
dynamics agorithm.

2.4. The Training Environment

Scenery exploration is preceded by navigation in a
training environment. The first "room" which users
encounter is the training environment, which contains
known objects. The goal is to overcome the
disorientation problems which some users experience
when first using VR. Thisvirtual scenery is designed to
be a simple, familiar environment in which users can
become comfortable with the VR hardware before
moving on to more complex an abstract environments.

2.5. The Quantum Mechanics Virtual Environment

In this scenery we deal with the geometry of the water
molecule (see Figure 2-a), its electron density (see
Figure 2-b), and molecular orbitals (see Figure 2-c and
d). The 3D models were produced with PC Gamess (a
program that performs ab initio calculations to obtain
the molecule geometry), and Molden (a program that
enables the visualization).

In this virtual environment students can build and
travel through molecular orbitals, ad molecular density
and better understand the water molecular structure in
order to clarify the chemical bonding.

a)

d)

Figure 2. Some 3D models of the quantum
mechanics virtual environment: a) ball-and-stick
representation of water molecule; b) equidensity
surface representation of the same molecule; c¢) the
third and fourth occupied molecular orbital
representation of water molecule (the total electron
density is obtained adding up the occupied
molecular orbits).



2.6. The Molecular Dynamics Virtual Environment

We aim at understanding some water properties by
direct simulation. We assume that the molecular
dynamics can be treated classically because redlistic
simulations (with quantum effects) use complicated
forces [4] and are much more computational
demanding. We use Newton's equations of motion

d°r ~ 0
m—=-R§ u(r;)
dtZ i ]

with the Lennard-Jones potential,

s s &

u(r) =4ed>y? - ¢)°d
er r ¢

(theeand s are constants).

The repulsion at small distances is a consequence of
the Pauli exclusion principle. The weak attraction at
larger distances is due to the mutua polarization of
each molecule.

Newton's equations are solved for each molecule
starting from initial positions and velocities and using
the force acting on each molecule

52 3e &
Run=2e2B 8 - Loy
sére &reg

Then, we calcul ate the positions

(t)

X (t +Dt) = 2x;(t) - x(t-Dt)+FXr'n Dt?

and velocities

X;(t+Dt)- x (t- Dt)
2Dt

Vx,i (t) =

of each molecule at successive times.

The user is able to interact and change the environment
in order to study the liquid and gaseous phases and
phases transitions (see Figure 3-a). The solid phase is
also examined (see Figure 3-b).

One of the new aspects of this pedagogical work is the
3D representation of the ensemble of molecules instead
of the usual 2D. The same algorithm has been applied
to the liquid and gas phases, emphasizing ther
similarity.

In order to assure a real-time rendering (the level of
detail which is attainable at a practical speed), the
number of molecules in each phase or phase transition
simulation has been carefully tested. For example, for
the gaseous phase simulations we have used 20
molecules. This restriction is the compromise between
the computer graphics capability, molecular models
and real-time calculations. Contrary to most computer
applications, VR must recalculate the user's view for
each frame update, taking account considerations as
light sources, shadings, distance from the user, etc. To
be effective, all this must be performed several times
per second in addition to any calculations that have to
be made.

b)

Figure 3. Images from the molecular dynamics
environment: a) the gaseous phase, with the ball
and stick model, showing twenty molecules in a
box; b) The ice phase, with the same number of
molecules, but with the €lectron density
representation. These pictures were created using
the same software as in Figure 1, being the
dynamicsimplemented in Visual C**.



Conclusion

The use of 3D graphics seems to be a powerful tool for
visualizing and understanding complex and/or abstract
information. Immersion is a recent aspect which has to
be better explored and evauated. A virtua
environment for teaching and learning Physics and
Chemistry is being developed to study the possibilities
of VR in education. The main objectives are:
- Get new means for teaching and learning the
physics and chemistry of water.
To apply VR as an educational tool, in order to
determine which aspects of VR provide the most
effective educational benefits, and to learn the
strengths and weaknesses of this technology in an
educational setting.
To build knowledge of VR techniques and tools
which can later be applied to other problems.

Feedback from students still needs to be collected and
analyzed.
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Abstract

This paper presents the development of a realistic
driving simulator and its use in the study of driving
education methods. In this study, a large set of persons
without driving license will be used. Each person will
be submitted to a driving course that may include
driving lessons in a real car and / or in the driving
simulator. The realism used in the simulation can be
adjusted between the classical non-interactive, film
based training and the full realism achieved by our
driving simulator. Each driving education method will
be evaluated by comparing driver’s competence before
and after the applied course.

We expect to determine the influence of the simulation
realism in the learning process, and to understand how
and when the driving simulator should be used for
better performance in the education process.

1. Introduction

The large number of accidents and dead occurred due
to traffic circulation in public ways is one of the most
concerning problems of today societies. It has been
commonly accepted that one method to reduce these
losses is the improvement in driver’s education and
selection. To do so, and due to recent advances and
spread of image generation systems, interactive driving
simulators are being more and more used in driving
education tasks.

It is commonly accepted that the use of driving
simulators presents some advantages over the
traditional methods of drive learning. Because of their
virtual nature, the risk of damage due to incompetent
driving is null. This usually allows a reduction in the
cost of driving lessons or a longer and richer training
but imposes a very hard limit to the cost of a driving
simulator. According to professionals in the area of
driving education, to explore its advantages in driving
education use, a driving simulator must not be much
more expensive than real vehicle.

Although the recent advances in computing and image
generation systems, to keep the cost of a driving
simulator compatible with the education uses, many
simplifications must be done. For example, reductions
in field of view, image resolution, vehicle's dynamic
behavior and scenario reactivity are common in today
educational driving simulators.

This paper presents the development of a realistic
driving simulator and its use in the study of driving
education methods. This study will be done using data
acquired from a large set of persons without driving
license. Each person will be submitted to a driving
course that may include driving lessons in a real car
and / or in the driving simulator. The realism used in
the simulation will be adjusted between the classical
non-interactive, film based training and the full realism
that can be achieved by our driving simulator. Each
driving education method will be evaluated by
comparing driver’s competence before and after the
applied course.

As results of this study, we expect to determine the
influence of the simulation realism over the learning
process, and to understand how and when the driving
simulator should be used to maximize the driving
education’s productivity.

The state of the art in the field is summarized in
Section 2. Section 3 discusses the use of driving
simulators in driving training and driver’s evaluation.
Section 4 presents a short description of DriS, its goals
and applications. The study, being prepared, about
driving education methods and its evaluation is
detailed in section 5.

2. Related work

Driving simulators are hi-complex real-time, imersive
systems [1][10]. The improvement in realism and the
validation of their performance are the major concerns
in development of any scientific driving simulator

[31[41[12].



The usability of simulators in training and in evaluation
of human performance is already studied and generally
accepted under several restrictions [14][9]. In driving
education, it is today common to find the use of driving
simulators either with training or with evaluation
proposes. Some experiences are known that analyze
discrepancies between human driving in real and in
simulated environment [11][13], but no studies are
know that evaluate how these discrepancies affect the
driving education process.

3. Driving Simulators

In the last years, we assisted a tremendous
development in computing and image generation
technology that allowed the proliferation of VR
systems with acceptable quality for some education
purposes. Even thought, the development and
maintenance of a realistic driving simulator is still a
very expensive task. So, to keep the cost of a driving
simulator compatible with the education uses, many
simplifications must be done.

For example, most driving simulators used for driver
education present only a narrow filed of view. This
reduction clearly degrades the perception of the
surrounding environment by the human driver and also
limits the amount of information that he must receive
and process. Also, the generation of the backward
images presented in mirrors is crucial, for instance, for
training overtaking maneuvers.

The image resolution used in today driving simulators
is always poorer than the one obtained by the direct
observation of the real world. This results in a different
driver behavior due to the lack of obstacle perception.
It is known that, when approaching an obstacle, a
driver breaks sooner in a driving simulator than in a
real car [13].

Reductions in vehicle's dynamic behavior and scenario
reactivity are also common in today educational
driving simulators.

All these, and other simplifications affect human driver
reactions but, it is accepted that they do not invalidate
the data we can get from the simulated driving task and
the knowledge acquired from training. It is known that,
when correctly used, even a simplified driving
simulator can be useful either in driver performance
analyses as in driving education. A big challenge that is
proposed to every driving educator is the choice of
how and when to use driving simulator in order to
maximize the education productivity. This choice
implies a selection of simulation realism and its trade
off with the simulator cost. Then a selection of training
exercises must be made but this selection is usually

limited by the realism achieved by the possibly
available driving simulator. Because a simulated
training is still far from completely substitute a real
experience, decisions must also be taken on how these
two kind training should interact.

4. DriS - Driving Simulator

A description of our driving simulator (DriS) can be
found in [2]. Its main core runs on a SGI Onyx Reality
Engine 2 graphical workstation (Figure 1). This
workstation holds the scene database, and performs the
simulation and the image synthesis tasks. It is
connected to the sound PC and to the cockpit PC by
local area network. Communications are implemented
synchronously with the rendering process, using a
socket library.

@
<=,

Figure 1: DriS driving simulator.

In DriS, the driver sees a realistic image either in a
large screen display or in a HMD. The generated image
is applied to a large flat screen (3.40mx2.00m) by a
video projector. Typical experiments are usually
performed with resolution of 1280x1024, with an
image update of 20 images per second, and a frame
rate of 60 frames per second [15].

High quality audio information is also supplied in
either stereo sound with headphones or in multi-
channel surround sound using loudspeakers, and an
additional channel for the typical sound of the vehicle

[6].

DriS is being developed by a large team of researchers
from several institutions and different scientific areas.
The development team includes experts in computer
systems, image analysis, computer graphics, road and
traffic engineering and psychology. Their main goals
are the study of driver behavior and road analyses
under conditions that are difficult or even impossible to
reproduce:
risk situations



accident

new roads

new managing systems
new road signals

new vehicle models

4.1. Applications of DriS

In [7], Noriega and others presented a study of
vehicle's motion detection with concurrent self motion
with three kinds of road pavement:

concrete pavement

bituminous pavement

bituminous pavement with chromatic bands

The DriS driving simulator allowed an easy
preparation of the stimulus presented to each one of the
106 persons with driving license that participated in
this study. It was concluded that the pavement with
chromatic bands produces a higher number of wrong
detections of vehicle's motion, while differences in
image contrast were considered not relevant.

A new study is now running to evaluate the influence
of external publicity panels (outdoors) in driving
performance and several others are being prepared [5].
One of most important studies is the evaluation of
driving education methods that is detailed in this paper.

5. Evaluation of Driving Education Methods

This section presents the study of driving education
methods that is now being prepared. This study will be
done using data acquired from a large set of persons
without driving license. Each person will be submitted
to a driving course that may include driving lessons in
a real car and / or in the driving simulator. The realism
used in the simulation will be adjusted between the
classical non-interactive, film based training and the
full realism that can be achieved by our driving
simulator. Each driving education method will be
evaluated by comparing driver’s competence before
and after the applied course.

5.1. Driving Environment

A driving simulator will be used (DriS), and the virtual
environment will try to reproduce a typical street from
Porto. For this propose, we choused some well-known
streets and avenues from Porto located in the Foz do
Douro area. This area is traditionally one of the most
used areas in Porto for driving lesson purposes.

Roads were modeled using real field dimensions and
buildings were finished using photographic textures
taken from some choused streets:

Avenida do Brasil

Avenida de Montevideu
Passeio Alegre.

Figure 2 presents a view of a modeled road. Several
autonomous vehicles were added to compose the
environment traffic. These vehicles are driven by
virtual drivers that try to emulate human drivers [8].

-

Fiure 2. View of a modled road.

5.2. Methodology

This study will be done using data acquired from a
large set of persons (subjects) without driving license.
Each person will be submitted to a driving course that
may include driving lessons in a real car and / or in the
driving simulator. The realism used in the simulation
will be adjusted between the classical non-interactive,
film based training and the full realism that can be
achieved by our driving simulator. Each driving
education method will be evaluated by comparing
driver’s competence before and after the applied
course.

The subjects set is being formed using people that meet
all the following requirements:

have not driving license

want to have driving license

are, preferable, between 16 and 22 years old

have not visual or physics deficiencies

The study will be performed in two identical
experiments. The preliminary experiment will be used
to select the course curriculums that will be used in the
final experiment. The preliminary experiment is now
starting and will take about 9 months long.

Each subject will first be evaluated in driving
performance terms and assigned randomly into one of
4 groups (Figure 3). Some effort must be done in order
to achieve groups with the same amount of subjects
and with similar driving and intellectual skills. We plan



to use near 20 persons in the preliminary experiment
and about 200 in the final one.

Then a different driving course will be applied to each
subject group.

Course 1 will be a traditional driving course,
performed at several driving schools and with different
driving teachers. In Portugal the minimum curriculum
of a driving course includes 25 hours practical lessons
but it is known that this minimum is sometimes not
needed to achieve the required driving competence. In
our study, the final evaluation will take place after 15
hours of practical driving lessons.

S

Figure 3: Experiment workflow.

(_Course 1 ]

E "

Course 2 will consist of 30 hours of driving lessons
using an interactive driving simulator. Lessons will be
supervised by a driving teacher and will include
simulated driving practice under several conditions of:

traffic intensity,

traffic velocity,

own vehicle characteristics

Course 3 will consist of 40 hours of driving lessons
using a non-interactive driving simulator. Lessons will
be supervised by a driving teacher and will include
simulated driving practice under several conditions of:

traffic intensity,

traffic velocity,

own vehicle characteristics

5.3. Evaluations

Initial and final driving performance evaluations will
be done using data acquired from the simulated driving
in a realistic driving simulator.

Each subject will be asked to follow a previous route,
in order to adapt to the simulator. Then, in the
experimental route, the driver will follow a first road
without other vehicles, a second one with low traffic
intensity, and a third with high traffic intensity.

During the experimental route, several driving
parameters will be measured and stored for further
analyses.

Measures can be divided into three groups: measures
reported by the driver, a rating scale of mental effort
(RSME); physiological measures, eye movements
(with a NAC eye tracking recorder); and performance
measures.

The rating scale of mental effort will be monitored
from several electro-magnetic sensors located in the
subject's head, using dedicated specialized equipment
(Figure 4) that produces a graphical output printed in

paper.

Electromagnetic
sensors

Figure 4. Mental effort acquisition system

Eye movements will be recorded in video using a
dedicated optical tracking located near subject's head
that detects the subject's retinal position (Figure 5).
This data is related to the viewing direction and it is
very important because it permits to determine
attention and distraction rates.

Data acquisition system

Video recorder Monitor
Optical sensor

Figure 5. Eye movements recorder equipment

Both RSME and NAC equipment are synchronized
with the simulation experiment by a developed
interface module (Figure 6).
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Figure 6. Synchronizing the acquisition equipment with simulation experiment

This module receives information about the simulation
stage from the graphical workstation through a
standard serial connection (RS-232) and outputs the
required synchronization signals. The synchronization
allows specialists to relate the outputted data with the
simulated traffic events.

Learning measures will be the performance measures:
the number of errors committed
- reaction times

time-to-line crossing

control of the driving path

driving speed

number of collisions

These measures are obtained by processing the
information that the simulator reports in real-time.

This study reflects the relation between the driving
simulator use and learning process in these courses.
The performance results from these initial courses are
presumed to be different from each other, even with the
specified differences in course duration. An adaptation
of each course curriculums must be done using
information from the results of this preliminary
experience. This adaptation is important because
performance results from different courses can only be
compared if they have some similarities.

The final experiment of this study will use the same
methods but with differences on the number of used
subjects, the number of groups and courses, and the
curriculums of the driving courses.

A second study will be done on the validation of
driving learning assessment. Driving teachers and
experts will be asked to analyze video records from the
first study (images recorded from the driver point of
view), and to score the drivers performance with an
evaluation sheet used at driving schools. The objective
data from learning measures gathered at the first study
will be then matched with the subjective evaluation
from experts. This second study will allow us to

analyze the value of subjective reports from driving
teachers on topics such as vehicle control, skills of
learning drivers in unexpected situations, learning
improvement along driving sessions and agreement of
experts in the assessment of driving skills.

As results of these studies, we expect to determine the
influence of the simulation realism over the learning
process, and to understand how and when the driving
simulator should be used to maximize the driving
education’s productivity.

6. Conclusions

This paper shortly presented the architecture of DriS, a
realistic driving simulator. DriS integrates a typical
cockpit of a real car, a SGI Onyx Reality Engine 2
graphical workstation and a large projection screen. It
also uses a PC for sound generation, and another PC to
control and monitor cockpit sensors and signals. DriS
is being developed to study driver behavior, road
performance and driving education methods.

Experiments being prepared to the evaluation of
driving education methods were also presented. These
experiments will use data acquired from a large set of
persons without driving license. Each person will be
submitted to a driving course that may include driving
lessons in a real car and / or in the driving simulator.
The realism used in the simulation will be adjusted
between the classical non-interactive, film based
training and the full realism achieved by our driving
simulator. Each driving education method will be
evaluated by comparing driver’s competence before
and after the applied course.

We expect these experiences will allow concluding
about the required level of realism that a driving
simulator must achieve in order to be used in driving
education processes and to understand how and when
the driving simulator should be used for better
performance in the education process.
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Abstract The solution to the problems stated above is to use
computer-based models of power plants. Currently
This paper deals with the application of scientific there exist commercially available models that offer
visualization methods in the field of power engineeringhe possibility to perform virtual walkthroughs in a
education. Behavior of various parts of a power plantpower plant. Such a walkthrough can give students
is simulated and the results of these simulations arsome idea about the configuration of a power plant and
visualized. The visualization of processes that run in also about the size of single appliances in a power
power plant gives the students an opportunity toplant. Performing such a walkthrough, students can get
understand better the nature of these processes. Thasfeeling about mutual relations between single parts of
approach solves one of the main problems in powepower plant, which allows them to understand globally
engineering education: the students usually have nt¢he process of electricity production. Nevertheless, this
chance to see various types of power plants in practiceapproach does not say anything about the processes
The existence of models and their correspondingunning inside single parts of a power plant. The
visualization allows students to perform experimentsolution to this problem is to create models of
with various devices and in such a way acquire a muclprocesses running in power plants. These models
deeper knowledge about the subjects taught. should have both the simulation part and the
visualization part.
Keywords power engineering, power plant,
visualization, particle models. 2.Models of power plant components used in
power engineering education
1. Introduction
At Czech Technical University in Prague a project has
Production of electrical energy plays an important rolebeen running for several years where these models are
in national economies around the world. Therefore it isleveloped and implemented. Their applicability to
necessary to pay attention to the education of highlgducation has been extensively tested. The aim of the
qualified professionals in the field. They should be ablgyroject is to develop a set of models (and
both to design and to run power plants of variousorresponding program modules) that would allow us
kinds. Education of these experts is very costly andio simulate various modes of operation of each part of
moreover, very complicated. One of the cruciala power plant. These modules should be of a special
problems is the lack of practical experience thenature as it would be important to combine these
students can gain during their study. Only practicainodules into a functional model. For example: it is
experience can help the students deeply understand tpessible to assemble complex models of various power
nature of physical processes that run in a power planplants types that are characterized by different types of
The traditional way of education is mostly based orpoilers, different types of coal transport systems, etc.
mastering the theory of these processes, which creat&uch an approach can significantly improve the
a good base for their later deep understanding iguality of education, as a variety of single power plant
practice. In some cases real models of some parts @fpes is usually not available in one country. Only by
power plants are used, where the students can perfomfieans of these models is it possible to acquaint
experiments. This approach has several disadvantagestudents with all possible aspects of design and
first of all these models are rather costly. Alsooperation of power plants in a very general way.
parameter settings during experiments are usuallfhe project as a whole is a large scale project which
accompanied by various problems. means that the final state will be reached within several
years. Nevertheless, several modules currently exist



which are used independently in education with a higt8. Description of existing modules

degree of success. This paper will deal with the current

state of the art of the project mentioned. The simulatiorThe already existing modules cover the most important
and visualization modules use traditional visualizationparts of the electricity production pipeline. This means
techniques (mostly based on the use of particlehat the student using all these modules can get a
systems). Some simulations and visualizations argomplex idea about mutual relations between single
unique because of the very specific nature of thetages of electricity production.

processes investigated. It was necessary to develop

special simulation and visualization techniques thatThe modules available are as follows:

allowed us to investigate the behavior of these

processes - professional simulation and visualization Heat transport in nuclear reactor cooling system
software mainly did not cover specific requirementsin this case the data obtained by simulation of nuclear
linked up with the processes simulated. fission (here a commercial software product has been
As the system is targeted to education, there are somged) are visualized by a special module. This module
special features in which this system differs fromis a good example of a situation where sophisticated
traditional simulation and visualization systems used ircommercial visualization software exists. The problem
the given field. The traditional techniques mainly stresss that this commercial software runs on powerful
the accuracy of modeling and visualization. Thisworkstations which means that this software is not
approach results in a very time consuming calculationsuitable for education on a larger scale. Our software
that give results after very long time. Our approach hagllows us to visualize heat flow and temperature
been slightly different in some cases: to use simulatioglistribution. The solution was based on the use of finite
and visualization techniques that have lower accuracglements for the reactor body description and
and thus lower requirements for computational timevisualization of temperature and heat flow within these
This offers very flexible feedback to students as thewlements.

can see the results immediately (mostly in real time). In

such a way students can get a feeling about theCombustion processes in fluidized bed boilers
dynamics of the process simulated (and visualized). The problems related to fluidized bed boilers are rather
The next step in using the system developed could béomplex. In the module a particle system was used.
the use of professional specialized software (likeThe particles represented coal particles during the
FLUENT) and comparing the results obtained from ourcombustion process. The attributes of particles changed
system with the results obtained by a professionaiccording to the degree of their burning out. The
system. A good exercise would be to modify existingvisualization is then quite simple. Due to the simplicity
algorithms used in our system in order to improve theof the particle model it is possible to generate animated
match with the results obtained by professionalsequences in real time and in such a way to observe
software. Such an approach is not always possibland investigate the dynamics of the combustion
because some models in our system are quite uniqygocess (Fig.1). Comparison has been made with
and they have no counterpart in professional systemsimulations and visualizations made by means of a
In this situation students compare the simulated result;athematical model that was based on the theory of
with real situations. They can compare the model anfluid dynamics.

the reality and again explain why these differences

exist. The experience gained could be used in the

future for system improvement.

o
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Fig. 2 Visualization of combustion
process in vortex furnace

This model provides a more general approach to the
studied phenomena. Nevertheless it is computationally
expensive and each change of parameters requires it to
perform new simulations (that are computationally
costly). The particle model implemented allows us to
perform changes of parameters dynamically with
immediate visualization. Students can follow
immediately the influence of the parameter changes
just being made. This feature means the particle model
is superior in terms of its use in education.

- Combustion processes in vortex furnace

The experience gained with the preceding boiler
system has been used to create the model of a
combustion process in a vortex furnace. One of the
principal parameters of this boiler system is the
configuration of an air velocity field that influences the
trajectory of coal particles in the furnace. As in the
previous example it is possible to set parameters of the
boiler interactively by means of a properly designed
user interface.

Also in this case the use of the particle model brings
the same advantages as in the previous case. Due to
some optimization in the program it is possible to work
with several thousand particles (Fig. 2) at the same
time (and visualize them). Such a large number of
particles gives very extensive information about the
situation in the furnace during the course of simulation.

Fig. 3 Visualization of the number of collisions



Fig. 5 Distribution of pollution from three sources



- Coal transport system 4. Implementation

The system allows us to investigate behavior of coal

particles during their transport in a coal dryer. TheMost of the modules described were implemented in
configuration of pipes the dryer consists of (Fig. 4),the MS Windows environment. The fact that most of
determines the extent of collisions of coal particleshe modules are available on the MS Windows
with the inner surface of the pipes. The number oblatform is very important as these modules can be
these collisions determines the level of damage to th@idely used due to wide availability of this platform.
transport system. Another factor that influences theThere are no specific demands on hardware.
coal transport are parameters of coal like its humidityNevertheless in the case where some dynamical effects
granularity etc. The system allows the user to seare simulated, the appropriate computational power is
interactively all these parameters and in such a way tef great importance. Great attention was paid to the
simulate the coal transport process. The result oflevelopment of a proper user interface keeping in mind
simulation and visualization is a picture where thethat the modules could be used also by users who do
distribution of collisions is shown. not work in the field of computer science - so their
The Figure 3. shows the visualization of the number oknowledge about using computers could be defined as
collisions of coal particles with the inner surface of thea casual user level.

pipe through which the coal is being transported.

5. Evaluation

- Moving granular bed gas cleanup filters From the examples given above it is possible to see
The mentioned cleanup filter has been modeled. Thehat the modules already in use cover in cover several
model describes the behavior of granules (they haveingle stages of the electricity production. In such a
spherical form) - how they move in the filter during the way it is possible to see how the situation in one stage
time period of filter operation. Also here the processnfluences the situation in the next one - and also its
has several parameters that influence the efficiency qflobal influence on the electricity production process,
the pO”Utant Separation. The user can eXperiment Wlth-lc|ud|ng the consequences for the environment.
various parameter settings and in such a way bettgy means of these program modules extensive
understand the nature of the gas cleaning process. Thisaching materials were prepared. Thanks to the
problem as a whole is currently under intensive flexibility of parameter settings in each of these
investigation and includes calculation of powers actingmodules, it was easy to generate a wealth of teaching
on single sphere in various positions inside the filtermaterial that was used both in lectures and in seminars.
Another feature under investigation is the calculationas gan example it is possible to give the course
of friction processes between spherical granules insidecombustion and Boilers” where the visualization of
the filter. The simulation of the granular bed gas filterthe combustion process allows students to understand
is the most complex one of all problems investigatedhe mutual influence of all parameters that take part in
and mentioned in this paper. controlling the combustion process. In such a way it is
possible to determine ill-suited combinations of
parameters (these combinations should be avoided in
practice). The dynamics of the combustion is shown in
the system by means of suitable visualization
- Simulation and visualization of pollutants  techniques.
distributed from a stack in a power plant In the framework of another course called
A model has been implemented that describes th&enyironmental Problems of Power Generation” the
pollutant distribution in an area near the power plantmodel of plum rise dispersion was used. Also in this
The terrain profile is taken into account, and also thease student could get a much better sense of the nature
meteorological situation and characteristics of thepf the problem. Students could better feel the influence
power plant (and the stack in particular) are taken int@f each single source of pollution to the environmental
account (Fig. 5). It is possible to simulate the influencesjtyation in the given area. This means, for example,
of several power plants in a specific area where théhat the influence of the planned power plant can be
share of pollution caused by each single power plant igetermined in advance by means of the model
calculated. The system has also been used in the couriggplemented.
where the suitability of a location for a new powersome other models mentioned have been used to a
plant was tested. limited extent (up to now) in the framework of
seminars (e.g. for PhD students) and in specialized
labs. This approach allows us to prepare the use of
existing modules for regular courses. A very important



benefit is that the simulated results can be in manyeat exchanges, etc. Some future developments should
cases compared with the real data obtained in somge the result of consultations with experts working in
cooperating power plant. This creates a very intensivpower plants in order to establish the real needs for

feedback between the research at the university argbme new models.

practice. The environment created for university

students in this way is, according to our experienceReferences
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Abstract

Training grounded in the theory and sound
concepts of any discipline is widely recognized as
the most appropriate educational practice which
serves students well beyond their graduation. But
in an increasingly competitive world students can
be given a jump-start into a career by focusing
their education towards an understanding of the
knowledge set they will need for certain types of
careers that use that discipline. Computer
graphics is an especially rich area within
Computer Science or Engineering departments, in
that a large number of careers make use of the
same basic concepts. However, careers in
computer graphic areas almost always require
other skills sets of its potential employees, as most
are interdisciplinary professions where computer
graphics forms but one aspect of the actual job.
Examples of this are numerous and range from
architecture to CAD/CAM to medical applications.
The specific career that | will discuss as an
example of training for real world applications
has been a highly sought after one for many
computer graphic students in the last decade —
that of technical director for entertainment
applications such as film, television and games. In
spite of adequate computer science theory and
conceptual training, many graduates are not
accepted by this industry because of a lack of
understanding of what is expected, and a
corresponding lack of additional relevant skills.
This paper explores some of these desired skills
and serves as a basis for discussion for how
educating students towards an understanding of
skills necessary for many computer graphic
careers can be included in a traditional computer
science or engineering program.

Introduction

One of the faster growing segments of the job
market for graduating Computer Science (CS)
majors over the past six years has been that of the
technical director (TD) or software specialist for
the entertainment industry. Students to fill these

needs within the industry have been in short
supply throughout this time. Many companies
have had to look overseas or to related industries
such as aerospace or other engineering disciplines
to find the talent they required during what has
been an unprecedented growth period within
digital entertainment. This hiring burst of recent
CS graduates, at all levels, has brought with it a
range of higher salaries, which, in addition to the
high-profile nature of the jobs (from screen credits
to the glamour of Hollywood), has left a shortage
of these same students to populate positions in
more traditional fields, such as defense, or
CAD/CAM applications.

Traditional Computer Science education, while it
provides students with the programming skills
they need and the ability to approach advanced
problem solving in a logical fashion, does little to
prepare them totally for new and distinctive
careers such as those in digital entertainment.
Even with the best Computer Science education as
preparation, studios and production companies
have found that there is an additional level of
education that these incoming hires often need, no
matter what their specific job function within the
company.

The types of knowledge lacking in these hires is
usually not part of, nor even considered within, a
traditional CS program. It consists, in part, of

competence in areas of communication and
management, artistic expertise, and knowledge of
production itself and the way computer tools are
used within the various types of production

pipelines. Can these areas be folded within a
traditional CS curriculum? Should they? That

depends. If the task of training students is to
prepare them for future jobs, then perhaps
consideration should be given to methods with

which to prepare them better. Several suggestions
on how to accomplish this for the entertainment
industry are explored, hopefully sparking a dialog

leading to an enhanced computer science
education.



The Rapid Rise of Digital Entertainment
Jobs

In 1992 James Cameron had a huge box-office
success with a sci-fantasy film call@@rminator

2: Judgement DayThis film was significant in
that it could not have been realized without
extensive use of computer generated imagery
(CGIl) to create what was essentially a main
character in the film. More importantly, this film
was a watershed in a long range economic way —
it gave studio executives a level of confidence that
this technology could actually be used in film
production, without exceeding the economic
confines of time or budget. The year before
Terminator 25 release (1991) there were
approximately 2000 people making their living as
digital animators of some sort in the entire
industry. A year after T2's success (1993), there
were close to 4500! And today there are well over
10,000 digital animators and artists, including
technical directors employed in the busingss.
Digital entertainment has become a significant—
not to mention exciting—job market for computer
science graduates searching for their first job.

This rise in numbers of jobs has been an
interesting phenomenon, partly because the job
market increased so fast that few schools were
ready to meet the challenge of training students for
employment in these new jobs. This led to a need
for production companies to institute their own
internal training programs to help new hires bridge
the gap between the skills they had and those they
needed to be successful. These programs range
between a few days (for someone with previous
production experience who only needs to get up to
speed on minimal proprietary software) to a full
year for recent graduates who have much to learn.
The cost of these internal training programs has
not been insignificant, but companies simply had
no choice. If the dollars spent over the last few
years in this area were to be added up the
economic impact would be seen to be profound.
And since the profit margins, especially for small
effects companies who do not own their own
content, are often in the single digits, internal
training programs are not likely to survive if
companies can find any way around them. This is
especially likely given the current state of the
industry, which includes a number of significant
layoffs and company closings, thus putting
experienced people out into the job market again
in large quantities.

While it is true that the previous demand for more
and more hires is currently reversing, it must be
realized that the entertainment industry
traditionally experiences ups and downs. This
cyclic nature of entertainment is another important
reason to provide students with as much
knowledge as possible while they are in school.
Not only will those with more knowledge be the
last to be let go in the slow times, they will be
preferred hires when the pace picks up over other
entry-level hopefuls who would need significant
on-the-job training to come up to speed.

What They Need To Know

The jobs of technical director and entertainment
software developer are not widely understood.
Even within the entertainment industry the same
job title can encompass a wealth of different
expectations, with an increasing trend towards
specialization. For example, a recent recruitment
ad for Industrial Light and Magic, a division of
Lucasfilm, Ltd., listed the following specialized
job titles, all of which might be lumped together
under the "TD" category at a smaller company:
Digital Matchmovers, Envelopers, CG
Commercials Artist, CG Software Engineers, and
Senior Level Technical Directors. The general rule
is: the smaller the "house" the more hats an
employee will wear.

The skill sets necessary to be a successful
technical director or software developer in the
entertainment industry are also fairly wide range.
While any given job may not absolutely require all
these skills, knowledge or understanding of them
will significantly improve the efficiency with
which the job is done, thus maximizing the value
of the employee to the company. The following
listing of additional skill sets beyond those of
traditional computer science programs is drawn
from the most common requests and observations
received from supervisors during production.

Communication, Social and Management Skills
This is an extremely important set of competencies
and often the ones that have the most bearing on
an employee's eventual success or failure. These
skills include: how to work with artists, and
producers, and directors; understanding the
demands and rigors of production schedules and
how to work within them; coping with extremely
short research and development times; keeping
confidentiality; and accepting criticism in a
constructive way, by using it as a tool to improve



the quality of the work It is often difficult for new
employees to work long hours, not talk about what
they are doing with their friends, and realize that
the director is always right, even as they redo a
shot for the twentieth time at one o'clock in the
morning. And technical directors often require
strong management skills to lead those working
under their direction, including knowing how to
inspire a team of people facing the above pressures

to push their artistic and creative limits to
maximum effect.

Artistic Skills

Aesthetics! The best TDs are those who
understand artistic fundamentals and have

developed a strong sense of aesthetics. At a
minimum, TDs need to know how to value the art
skills of those they work with, and collaborate
with artists for the best results. But understanding
the art themselves is best. A fundamental
comprehension of design concepts provides a
significant advantage for TDs. Most all TDs would
also benefit from knowing color theory, and more
color theory. It is difficult to find experts in this
who understand the whole color picture, as it is
taught so differently within different disciplines,
when it is taught at all. CS students need to
understand about color psychology, color spaces
that artists deal in, and color phenomena as well as
gamma and wavelengths. Lighting is another area
in which TDs need artistic training. Lighting TDs
are in extremely short supply, typically because
those who understand how to use the lighting
tools, such as Renderman™, do not usually have
the co-requisite skills for manipulating light in
aesthetic ways.

Learning and Research Skills

In addition, TDs will consistently be called upon
to invent something that has never been done
before. The best TDs are those who can make
ingenious and intuitive leaps that bring unseen
visions to life. They need to understand what has
gone before and how to put seemingly disparate
pieces together. And they will always be expected
to keep up their skills, learning or writing new
software on very short time frames.

Specific Job Skills

Some specific topics that TDs should know
include: scripting and expression writing to create
or control images; modeling complex, organic
objects and how continuity is kept across such

surfaces; enveloping, or developing the final
"skin" around an animated character; rigging
characters for animation, which is setting up
intuitive controls for animators to use; procedural
modeling using such tools as particles or implicit
surface techniques; detailed shader and texture
writing, which creates the final look of an object
or character; pixel mathematics, which are used
extensively in compositing operations; and
working with 2D and 3D spaces and their
interactions, especially in techniques such as 3D
tracking. It is also imperative for TDs to
understand how film works—how it is exposed
and scanned into the computer as well as how to
correctly output digital images to it. And last but
not least, an understanding of the entire production
process is extremely helpful. Knowing how and
why certain decisions are made for a particular
scene before it ever gets to the point where the
digital manipulations occur can simplify the TD's
task. Add to these areas an understanding of how
to decide which tool is best for which job, since
CG may not always be the best choice, or when to
chose one CG tool over another. For example,
modeling an asteroid is easier using simple
geometry and a clever shader rather than a model
with ten thousand polygons, and blowing up a
building might be simpler to achieve with a
practical, miniature model than with CGl.

Suggestions on How To Do This

Tying the appropriate computer science
knowledge to practical applications is much easier
today than it was twenty years ago. However
computer science education has not changed to
reflect this as much as it might have. CS has a set
of core classes that are certified and endorsed by
various academic and computer organizations.
Contrast this with the multitudes of "Computer
Graphics” programs  within art, design,
communication, architecture, film, tv, or media
departments that have been created over the past
twenty years. These more artistically-inclined
programs have very little in the way of standard or
endorsed "core" classes. These programs have
benefited, however, from a great deal of advice
from studios and entertainment companies, and
have modified their programs accordingly, with
more or less success. They still, for the most part,
lack training in the more technical areas of
expertise needed for the optimum success in the
entertainment industry. Both types of programs
produce students who do not have all they need.



It is tough to create a truly interdisciplinary
program within most university or college
environments. Not only are there scarce resources
which often leads to departments protecting their
domains, there really isn't enough time in a typical
four year program to implement the total number
of classes that would create the ideal graduate for
this industry. Nor is there anything remotely like
an apprenticeship program for the digital
entertainment field (though this is currently being
promoted to the State of California). So how can
we provide ways for CS students to become more
prepared for jobs in this arena, without diluting the
core education they need?

One obvious way is to have more input from the
entertainment industry. This increased interaction
might lead to additional resources such as
entertainment-sponsored training materials or
innovative elective classes taught on video, the
internet or via video conferencing. On-line guest
lectures from top TDs at a variety of production
companies could be collected and distributed to a
number of participating schools. (SIGGRAPH
could sponsor this as a Special Project.) Online
mentoring or critiquing is another option, where an
industry professional nurtures, reviews or critiques
student projects using student web pages.

New teaching methods within CS is another
possibility, such as special topic classes that are
team-taught and co-listed between departments.
Dr. Dave Ebert and Dan Bailey are teaching just
such a class at UMBC in Spring 1999, called "Art
and Science in Computer Animation”, with ten art
students and ten CS students working on
collaborative computer animation projects. There
could also be more emphasis on available
materials or publications, such as Cinefex
magazine, or various special television broadcasts,
which would be valuable for those students
interested in these careers. This can be done
though seminar classes or through career resource
departments. There are many points of
intersection, especially for advanced or senior
level classes that allow students to bring their
complementary skills together in production-like
projects, thus learning from each other. Even a few
such classes or techniques as described above
could go a long way towards providing students
better preparation for careers in the digital
entertainment industry.

[1] "The Visual Effects Industry Needs a New
Production Model: Whyfitanic Is the2001 of Our
Time", by Ray Feeney, Chuck Spaulding, and
Kevin Mullican, Millimeter, November 1988, pp.
65-71.



Human-Computer Interaction and Cognitive Psychology in Visualization
Education.

Thomas T. Hewett
Department of Psychology/Sociology/Anthropology
Drexel University
Philadelphia, PA, USA
hewett@drexel..edu

Abstract uses of information visualization. Consequently, it is
easy to envision even more diverse applications of
A curriculum designed to educate those who designzomputer-based visualizations in the near future as our
develop, and deploy scientific visualizations and/orknowledge of how to control the computer and
visualization tools needs to contain a strongvisualization tools grows. For example, given that
component of both human-computer interaction andyork is already taking place in these areas described
human cognition. = The argument centers around twgelow it is relatively safe to predict that in the next few
observations. ~ The first is the rapidly increasingyears we will see an increasing use of and demand for

breadth of application for  computer-based jnformation visualizations and tools for use in such
visualizations and the tools for creating them. Theapplication domain areas as:

second observation is that increasingly problems 1) Biomedical engineering of human health

addressed using visualizations involve representing, performance through the creation of new devices
abstract objects, entities or relationships for which for sensing and imaging of information which can be

there is no obvious direct physical analog. Both trends sed in the desian and development of new prostheses
point towards an increased need for understanding an ar P prosthe:
e.g., stents to reinforce weak blood vessels, artificial

incorporating visualization needs of an increasingly . o ; "
diverse set of users. In addition the trends towarddMmPs with improved functionalities, etc.) and new
increased diversity of users and the abstractness ofiSualizations —of complex patient data (e.g.,
representations being created for their use virtuallycombinations of vital signs and indicators being

demand an increased understanding of psychologicdlonitored on a patient in the hospital Intensive Care

nature of visualizations and their effects. Unit.

Keywords:human-computer interaction, cognitive 2) Environmental science work engaging such

psychology, visualization education diverse problems as automobile traffic control to
reduce average trip time and auto-emissions;

1. Introduction atmospheric or oceanic modeling of diffusion and

chemical transformation of various pollutants;

Instances of scientific visualization currently rangemodeling the urban infrastructure to support planing
over many domains of human knowledge. Forand resource allocation.

example, computer-based visualizations have been 3) The utilization of geoinformation systems

used to expand and contract time and space in way8 coping with such problems as geolocation and way-
that range from the modeling and rotation of entireﬁnding, public and private land use decisions, wildlife

galaxies to the enlargement and manipulation offanagement, and police detection and control of
models of molecular structure. Similarly, patterns of criminal activity.

visualizations have made the invisible visible in ways

that allow such things as viewing the dynamic!n addition, it is also easy to imagine that computer-
movement of the valves the human heart and magnetfased visualizations will play an increasingly larger
resonance |mag|ng support for microsurgery_ |nr0|e in future human use of information teChnOlOgy.

addition, visualizations have made the difficult easy ag he complex set of technological, environmental, and
in the case of software that graphs equations fopocial problems facing the human race virtually
calculus students or that enables a researclemand that information technology (including

mathematician to generate and manipulate complegomputer-based visualizations) be used to support life-
surfaces as an aid to solving equations. long career activities in knowledge workers from many

domains. If correct, this prediction suggests that we
Currently, the ease with which computers track, record@lso need to be concerned with the development of a

and display information is leading to a flood of newWide range of strategies for reskilling and regeneration
of professional careers. Many of these strategies for



continuing professional education will, of necessity,it. Second, there is already in existence a reasonably
come to depend more and more on the development ofear delineation of the conceptual structure and
computer based visualizations which offer us new and&nowledge modules which are central to the topic of
fruitful representations with which to think about HCI [3]. These resources have already proven useful
problems. in guiding the organization of major textbooks in HCI
[e.g., 4] and continue to be of interest (e.g., during the
last 12 months the report web site recorded over 9,000
hits, even though the report was published in 1992).
Consequently, this existing catalog of knowledge
modules makes it possible to explore and define the
gomponent aspects of HCI which should be considered
Bart of an education in visualization technology.

2. Why Human-Computer Interaction and
Cognitive Psychology?

In all of the cases described above, visualization of th
abstract will come to play an increasingly greater role
In other words, the problems to be addressed usin
Abstract objects, enties or relationshipe. for whigrg.3: _More about Cognitve Psychology.

X ' . . - Substantive arguments for inclusion of the study of
there is not an obvious direct physical analog [1].

Considering the wide range of technical subiecis an ognitive psychology in a curriculum on visualization
9 - 9 ; Jects erive from the fact that computer-based visualizations
knowledge areas which will contribute to the solutions

. and tools are typically designed to make it possible for
of the types of problems described above, how are Weome sort of Kﬂowlgdge v%orker to achie\?e a set of

to sort out which blocks of knowledge should be par\/vork related goals. Typically, these goals involve

of the education of developers of visualization tools : .
and visualizations? Clearly such people will need todevelopmg the solution to a complex problem, or they

work in multi-disciplinary teams in order to call upon Involve the  creation of new knowledge. =~ Thus,
P y PO designers and developers of computer-based

from other disciplines. Given all the technical materiaﬁ’isuellizatio'.”|S anq visu'alization tools need to be able to
that a student of vismjalization will need to learn, an round the|r _de5|gns n a knowledge_ of _the_end-yser
given the wide range of specialists with whorﬁ the ask_ or situation fqr which the wsuahza_non is being
student will eventually interact, why would anyone d(_as,lgneq. Incr(_easmgly these V|sual|;at|ons and tools
want to argue that human-combuter interaction (HCI)WI” require deallng with abst(act relat|onsh|ps that are
L ” useful in enabling user’s to think about their work.
and cognitive psychology are critical knowledge areas

to be included in a curriculum for visualization As illustrated in [5], external cognitive representations

ion?
education? can be powerful tools with which to think. Focusing
5 o h . on information visualization, Card, Mackinlay and
1. ne Answer to the Question. Shneiderman [6] suggest six major ways in which

One simple answer to the question of "Why HCI andv
cognitive psychology?" is that there is already
agreement about the importance of both topics t
computer science education in general. For exampl
the report of the ACM/IEEE-CS Joint Curriculum Task

isualizations can be used to amplify human cognition.
Visualizations can increase the external memory and
rocessing resources available to a user. They can
educe the user’s need to search for information. They
: -~ can enhance the user’s ability to detect patterns in data
Force [2] ~clearly identifies human-computer o "o\ ents  They can facilitate the drawing of some
communication as one of the nine core areas o

. . . inferences through direct perception of the information
computer science. In this core topic the report author;ather than through more complex cognitive

include both computer graphics and human-comput rocessing. They can facilitate the monitoring of
interaction as related topics. Furthermore, the autho ange in large numbers of potential events. Finally
.Of the report point out t_ha_t cognitive psychology IS aNyisualizations can be used to encode information in a
important supporting discipline for three of the n'nemanipulable medium

core areas of computer science, including artificial '

intelligence and human-computer communication. e need to understand abstract relationships which the

end-user is attempting to capture necessarily entails
2.2. More about HCI. . _that the designer of a visualization, or of the tools
Beyond the fundamental natural affinity that exists,aeged to work with information visually, should be

between computer graphics and HCI, a moreyq g collaborate with the end-user in identifying the
substantive argument for the importance of an HClhemands of the situation and in developing a

component to visualization education can be found ifnqedge representation appropriate to the way the
two simple observations. First, most computer-based 4 _,ser thinks. or needs to think. about the

visualizations or visualization tools are created with thgsormation being visualized.  In other words, the
intention of supporting some sort of human interactiondesigner has to develop an understanding (')f the
with the visualization and the computer which Create%roblem being solved, why it is a problem in the first



place, and what the constraints that determine aAt a University which will forever remain nameless
appropriate visualization. there are classes in which students are taught about
HCI. In some classes, students are given the following
However, for individuals educated only in computerdesign guideline: “The Macintosh interface is a bad
science the problem of understanding the user's tashterface because there are menus with more than
oriented needs and goals can constitute a major barriseven items,” the implication being, “Do not design
to development of appropriate tools, etc. For exampléenterfaces such as that of the Macintosh.” The logic of
as pointed out in [7] and confirmed by the work ofthe argument, both explicit and implicit, runs roughly
Harrison, Hewett and Perline [8], visualization of as follows. Miller [9] argued the capacity of short-term
mathematics has some special features that requirmemory (STM) is 7 £ 2. Exceeding the capacity of
novel visualization techniques. Developers of manyhort-term memory degrades recall performance. As
existing visualization packages have tended to viewoted, the Macintosh has menus with more than 7
their task in a holistic manner which does not takdtems. Therefore, an interface such as the one found on
these special needs into account. What has matter¢ide Macintosh will be a bad interface because the
from the perspective of the developers of existingmenus exceed the capacity of short-term memory and
visualization tools is the accuracy and speed of displawill lead to degraded human performance.
of the whole model or scene. Consequently rendering
is done in a buffer storage and is invisible to the usefThere are three problems that arise from applying this
until completed. However, it turns out that in this caseguideline to this design choice. First, menu items are
accuracy and speed aren’t just irrelevant to mangenerally related, e.g. File, Edit, Format, or View.
mathematicians, accuracy and speed may behat is, the contents of a menu tend to form a single
completely contrary to the needs of mathematicianschunk rather than a set of greater than 7 unrelated
For example, a visualization of the entire surfacdtems. Second, menu titles are generally mnemonic
generated by an equation is not necessarily what iand so provide effective recall cues for the items
relevant to the mathematician exploring it. Whatwithin. For both these reasons, menu titles aid rather
matters even more is the evolution of the curve througkthan stress the user. Additionally, once the menu has
another variable (e.g., time) that creates the surfacéeen pulled down, the contained elements are visible
This necessitates a set of visualization tools and and are now ‘knowledge in the world [5].” None of the
visualization that can show the surface, the curves antems must be stored in working memory. Using
the growth of those curves into the entire surface. Miller's work to proscribe the design of GUIs with
more than seven items per menu is misleading at best
Another difficulty with traditional computer science and is analogous to claiming that a coin has a bad
education lies in the fact that our understanding ofnterface because people have trouble recalling all of
human behavior is, on the whole, limited to heuristicthe information on its face [10].
knowledge, whereas, computer science education
typically deals with algorithms. Computer scientistsAlthough presented in the particular, this example is
are educated to deal with issues such as computabilityot an isolated case. Several people have made this or
and completeness. Cognitive psychologists, because afsimilar claim about the implications of Miller's work
the nature of their subject matter, are forced to spenfbr human-computer interaction design. But what is
much of their time working with heuristics, working important about this case is that it represents an attempt
with the conditionality of certain kinds of knowledge, to get students to design from first principles. The
and investigating knowledge representation. Indeed, eeason that this is difficult stems from the nature of
large measure of what has been learned in cognitiverst principles and the resulting way in which they are
science in general is conditional knowledge whichstated. The statement “STM capacity = 7 + 2” assumes
depends upon the circumstances in which informatiofut does not state the range of cases to which it applies.
has been collected and which can only be characterizedowhere, is it made explicit that items can be either
in the form of heuristics and conditional statements. atoms or chunks; and that capacity is only an issue
when external memory aids are not present. The
2.4, An Example of a Failure to Understand contextualizing information that tells the designer
Cognition and Conditionality. when Miller's work is appropriate is absent and so it is
Although not based in an instance of scientifichard to use the abstract principle to either guide or
visualization, this example illustrates how a constrain prescriptions for action.
fundamental misconception about cognition might
negatively impact the design of a visual representatiotn other words, the designers of visualizations and the
of information. It also illustrates an important tools which are used to shape them need grounding in
relationship between what has been referred to athe fundamentals of cognitive psychology in order to
knowledge in the head and knowledge in the world [5]be able to adequately explore the user's task or
situation for which the tool is being designed. They



need to be able to identify and to deal with two types of
psychological knowledge. One type of knowledge is
that which will help the end-user solve the task related
problem, i.e., the problem of designing an appropriate
representation. The other type of psychological[4]
knowledge is that which enables the designer to
understand the end-user's human  cognitive
performance strengths and limitations. It does little
good and may even be harmful to create a visualizatiofb]
which does not map in some relatively natural and
comfortable way to the cognitive structures of the end{6]
user.

3. Concluding Remarks

In conclusion, designers and developers of tools and
visualizations need to have a strong understanding df’]
human-computer interaction and cognitive psychology.
So long as it is easier to learn to write code than to
learn to communicate with your life partner it will be [8]
easier to adopt and maintain a machine centered focus
rather than a human-centered focus. Both knowledge
of the user's cognitive performance limitations and
knowledge of how to design representations which will
contribute to the user's task relevant goals are essential
to the successful creation of new tools or visualizations
which will be both useful and usable in dealing with [9]
visualizations of abstract entities and relationships. An
understanding of basic HCI and human cognition will
help designers and developers to remain focused on the
problems that should be solved rather than on the
problems which can be solved. Solving a technically[10]
challenging implementation problem may produce the
immediate gratification of having accomplished
something, but it represents a trap if that solution does
not simultaneously contribute to the end user’'s task
related goals.
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Abstract

This paper presents the main and most relevant
aspects of the Human-Computer Interfaces course
lectured for the 4th academic years (and fifth year as
an optional course) of the undergraduate program in
Informatics and Computer Science at Instituto
Superior Técnico, Technical University of Lisbon.
The paper addresses the course contents and its
pedagogical approach as well as the communication
facilities used in the 1998/99 academic year to
support the course operation.

Keywords: Human computer interaction, teaching
and learning.

1. Introduction

The main topic of a Human-Machine Interfacing
(HCI) course is the design, development and
evaluation of Interactive Computing Systems.
Designing and developing human-machine interfaces
has become the most expensive factor in the
development of information applications. Such cost
corresponds today to roughly between 30 and 50%
of the whole development cost1.

However, even though the above is true, HCI has
been one of the less studied and less understood
disciplines2.

The Design and development of HCI projects
requires competencies and know-how in many
concerning yet different areas such as Systems
Engineering, Programming Engineering, Graphical
design, Industrial Design, Psychology, Ergonomics,
Project Methodologies, Interfacing Engineering
(hardware), and Organisation Engineering, among
many others3.

These factors demonstrate how important it is the
Universities and Polytechnics include HCI Courses
in their curricula.

2. Background

In recent years, Portugal adopted the policy to foster
its national software industry. Many official bodies
have concurred to this with initiatives like the PEDIP
Programme, The Science Programme, The Mosaico
Initiative and the N6nio Programme.

Many successful showcases in the development of
Portuguese products demonstrate the success of such
initiatives. The Green Book on the Information
Society produced by the Information Society
Mission of the Science and Technology Ministry
extensively reports on the results.

Software products must present the right
functionality and be easy to use in order to create a
stream of products and create and sustain a solid
software industry.

In Portugal one can still find large competence gaps
extending as far as the most successful products.
This reason is more than enough to make the main
Engineering Colleges in the country to include
courses in HCI in their curricula. The software
industry has already acknowledged the need to focus
intensively on HCI too as a leverage factor to stay
competitive in the international market.

The importance of HCI goes beyond developing new
systems. In recent years, there has been remarkable
raise in the use of integrated applications, such as
SAP R3, that show a trend to dominate the market.
Consultants and experts are required in order to
parameterise and  localise  such integrated
applications so that they can be efficiently used. This
work includes both functional and the user interface
level. The later must be adapted to the actual end
users, the staff using the applications. In Portugal,
there are some 60 enterprises that specialise in
Interactive Computing Systems and recognise the
importance of the know-how on HCI. This spans
national borders and is acknowledged by both
national and multinational enterprises involved in
either the development or localisation of Interactive
Computing Systems.

In the United States, the National Science
Foundation (NSF) sponsored a study on “New
Directions in  Human-Computer  Interaction,
Research, and Practice”. The report, published in
1994, stresses the importance of HCI as one of the
main areas in Information Engineering. However,
the report acknowledges the many difficulties that
have prevented American universities from including
HCI courses in their curricula.

The NSF proposes two ways to bring about the
changes it recommends in its report, which are:



Integrate  lectures on the design and

development of HCI in the curricula of

Information Engineering programs.

Include HCI as one of the main components of

projects assigned to students in the final (senior)

year of undergraduate programs.
The report further recommends the acceptance of
HCI as a critical technology by universities and
recognises that the development of competencies and
know-how in HCI is a fundamental leverage factor
in preparing students for their future professional
activities in the scope of the Information Society.
The above clearly stresses the importance of HCI
from an integrated social and economic point of
view in those countries wishing to promote a
sustained Software Industry with a future.

3. Objectives

The definition of the objectives of an HCI course
must be on par with market needs on skilled
professionals. Therefore, students should aim at:

1. Master the principles of information
presentation and user interaction, as well as,
acquire the competence to evaluate the quality
and effectiveness of user interfaces.

2. Master the technologies to apply HCI principles
to products and the operation those
technologies's enabling tools.

3. Master the realisation of HCI projects in the
scope of the most common environments (MS
Windows, WWW).

The HCI course lectured at IST has a weekly load of
three hours of lectures and two hours of laboratory
activities. A project is assigned to the students at the
final stages of the semester.
The lecture time is dedicated to fulfil the first
objective. The syllabus includes lecturing the basic
principles that must be applied in order to achieve
effective information delivery to the user. Such
principles stem from mental models of information
processing and are a collection of methods and
techniques and good practice examples. These have
been known and applied since long in areas like
advertising.
HCI derived its theoretical ground from a very large
set of experimental data collected over the years in
the laboratory and from field experiments. In the
laboratory session, students examine existing
interfaces and check their conformance against the
theoretical principles they learn. This activity is
closely linked with evaluation, either qualitative or
quantitative (usability).

The second aim of the HCI course (mastering HCI

enabling technologies) targets at the analysis and

proficient use of the technologies applied when

implementing efficient user interfaces, the evolution
of such technologies and their choice. In this, the
course also aims at providing students with an
overview of the available technologies, their
evolution and capabilities to present information and
interact with the user.

The third objective is reached by using a " learn by
doing" pedagogical approach with an HCI project.
The project is carried out by students in the closing
weeks of the semester. The project's main target is to
lead students into applying the know-how they have
acquired and make it mature through actual use. A
rather important point is the constant stress to be put
on the pivotal role played by the end users in the
development of the project. This is further enhanced
by the project's requirement to conduct evaluation
activities at all the project's phases using real end
users for that effect.

4. Lectures
Lectures use the active discourse method
pedagogical approach with the support of

transparencies and examples of good (and bad)
practice to demonstrate concepts.

Students are submitted to five unannounced mini-test
papers in order to further ensure learning success and
provide students with feedback. These test papers
take place during the last 15 minutes of a lecture and
address the lecture's topics.

There is no sufficiently comprehensive textbook
spanning all the subjects lectured in the HCI course.
This makes it necessary to recommend several
textbooks to students, with the latest edition of the
textbook by Shneiderman4 as a starting basis and the
textbooks by Preece5 and Mayhew6 covering the
details in many areas. This dispersion stresses the
need for a new a more comprehensive textbook in
HCI.

5. Laboratory Activities

The evolution of information systems design lead to
today's widely accepted client-server architecture.
One of the best features of this architecture when
applied to Interactive Systems is the clear separation
of information processing from the user interface it
provides.

On the other side, window management systems and
related APIs evolved over the times. Recent years
have seen the dominance of X/Motif (and its
derivatives) and MS Windows. Then the World
Wide Web made its first steps in 1994/95 and
experienced an exponential growth in the years that
followed. At the same time, the WWW increased its
information presentation and user interaction



capabilities due to the emergence of new or
improved standards of the HTML, Java and
JavaScript languages. This, in turn, fostered the use
of the enhanced capabilities by an ever-increasing
number of services and users.
The classes of services available extended to services
to the citizen, education, entertainment, business,
home banking, etc. Business services7 became
particularly important and include such categories as
advertising, direct sales and employment offer. Ho8
goes even further to propose three different business
categories: product and services promotion, data and
information services and business transaction
services.
Because of the vast world opened up by the WWW
highlighted above, the WWW role in the Information
Society and the WWW' programming and interactive
potential, the HCI targeted its laboratory and project
activities at the WWW. These activities follow two
main guidelines:
Evaluation of WWW sites with special didactic
value, using case study methodologies, aiming
at developing students' capacity for criticism and
their proficiency in applying evaluation methods
and techniques to HCI design and
implementation.
Exploration, discovery and application of the
user dialogue and information displaying
potential of the HTML and JavaScript languages
with the aim of promoting the skills students
require to carry out their project assignments.

5.1. Evaluation of WWW sites

The laboratory activities involving the evaluation of
WWW sites were carried out in three steps.
In the first step, groups of students analysed and
criticised several proposed sites against the
followmg criteria:

Use of colour

Use of fonts and font sizes

Page layout

Look and feel

Navigation

Use of metaphors
The second step had each group of students choose
one of the WWW sites and redesigning on light of
the findings when applying the above criteria. The
number of student groups allowed more than one
group to redesign the same WWW site. This was
important for the third step, as it will be shortly
evident.
In the third step, each group of students presented its
site redesign proposal to all the colleagues attending
that laboratory session. Each presentation included
the group's reasons for the changes proposed. A
period for questions and answers followed the

presentation and all students were invited to criticise
the design proposals. It was extremely interesting to
watch these proceedings since the degree of
interactivity and commitment was very high and
there was the opportunity to address almost all the
relevant aspects. Discussions among students lead to
synergetic results where several proposals were
combined into even better solutions.

5.2. Technologies (HTML and JavaScript)

The laboratory sessions dedicated to HTML and
JavaScript languages had the objective of promoting
the students” competence in these languages, through
demonstration and exploration of the languages’
concepts and constructs. This would later on ease the
use of these languages when carrying out the HCI
course project.

The pedagogical approach to both HTML and
JavaScript was the same. It started with the
presentation of the basic concepts and objects of
each language. That was followed by language
constructs of ever increasing complexity, always
with the support of illustrative examples. Students
were asked to carry out some assignments at some
checkpoints. These assignments had the objective of
making students apply the knowledge they had just
acquired and, at the same time, provide them with
self-evaluation feedback.

5.3. Laboratory Resources

Laboratory sessions took place in an electronic
classroom equipped with networked PCs with
Pentium 1l processors (300 MHz) and running under
Windows NT. The network provided students with
the access to the WWW, file server services and on-
line help facilities. The later included tutorial texts
full with interactive examples and on-line reference
manuals. The tutorial texts were also available in
packed format to allow students to take them home
and learn in off-line mode.

5.4. The HCI Project

Students were proposed several project themes to
choose from. Besides the obvious aim of carrying
out an HCI project assignment, the themes proposed
to the students were also aimed at developing
students’ awareness of the societal environment for
which they will be working after graduation since
the themes spanned from products for disabled
persons to environment protection.

Theme A (Disabilities)

This theme addresses the development of an
Electronic Book to help parents, social workers and
therapists choose products for users with special
needs and disabilities. Each Electronic Book had to
describe three products with similar functionality or



objectives and provide product comparison data and
selection guidance. The products could be either
software or hardware products.

The actual product choice was left to the students in
each project team. Students had to select a type of
product and look for available products, collecting
literature and examples, if any. Many browsed the
WWW for this. All products picked had to have been
designed for users with special needs (elderly
persons, children) or disabilities (visual, hearing,
motor, etc.). This requirement had the objective of
making students aware that HCI solutions have a
vast number of needs to address and are not
restricted to satisfying normal person needs (see
Figure 1).

—=rt ik 2R

L e - _
| POLLEEAD D Al

| TR RAEAT A5 TDARAD

!

|

|

I

i

! :
I i
aTm e moam s e brw — '
e O e s b e T e | s | HIWER

Figure 1. Example of Project A.

Theme B (Environment Protection)
This project theme addressed the development of
services to the citizen to provide information on the
environment, namely the quality of air in a region.
Each project team had to select a type of end users
from the following three types:

general public

school children

environment experts
The service had to be designed with the provision of
its deployment from information booths in mind. the
service had to provide information on air pollutant
measurements of sulphur dioxide (SO2), ozone (03),
carbon monoxide (CO) and nitrogenous oxides
(NO/NO2) concentrations in the environment. The
service also had to provide appropriate
documentation.
The system had also to allow its users to select the
data to be displayed, i.e., from the current day, the
last week or the last month. Automatic data
collection by the system was simulated with a data

file containing all needed pollutant concentration
values to ease system construction (see Figure 2).
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Figure 2. Example of Project B

Others projects

Some students proposed other type of projects some
of them were accepted. The most relevant was the
new site of the Informatics infrastructure that

supports all the courses on Informatics, Electrical
Engineering and Informatics Management, the RNL
(Rede das Novas Licenciaturas) (see Figure 3).
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Figure 3. RNL Site

6. Communication Between Students and
Professors

One of the subjects addressed by any HCI course
must be Computer Assisted Person to Person
Communication. Therefore it made all the sense to
address this subject with very special care and
demonstrate its usage and benefits when carrying out
communication between students and the course’s
teaching staff. This systematic pedagogical




approach made all students to have intimate contact
with different technologies used today for Person to
Person Communication and realise the advantages
and disadvantages of each of these technologies and
when and how to use them.
In the HCI course the following three Person to
Person solutions were used:

electronic mail

newsgroups

a WWW site
The HCI course WWW site aimed at making
available to students the most complete and up to
date information on the HCI course itself. At the
beginning the site contained only information on the
course’s syllabus, its teaching staff (with e-mail and
personal WWW pages addresses), how the final
mark would be calculated and important dates and
deadlines.
As the semester went by other information was
added like:

marks achieved by students in test papers

themes for the course’s project

tutorial sessions support documents
The objectives of the newsgroup that was set-up
were to publicise general-purpose announcements
and putting and answering general questions,
including questions on parts of the course contents
the students might not have understood. The
newsgroup aimed at providing students with the
means to anticipate the answers to students’
recurring questions. Students were advised to peruse
through the newsgroup before coming forward with
a question or remark so that they could see whether
that subject had already been put and answered.
One remarkable result was the speed at which
students knew of their marks on test papers. Usually,
these are posted at assigned places on the walls of
the administrative area. The HCI course followed
this rule but, at the same time, posted the marks on
its WWW site and announced the fact through the
newsgroup. The result was that many students came
to know of their marks well before the administrative
staff had time to post them at the usual places.
Moreover, the number of students looking for their
marks in the later place was very small.
Finally, electronic mail was used only when the
questions and matters to attend to were of a private
nature and for internal communication within the
teaching staff.

7. Conclusion and Final Remarks

The experience gained in the 1998/99 academic year
allows us to say that the HCI course at IST was
successful since most of the objectives aimed at were
achieved. However, there is still a long way to go

before an HCI course with a stable syllabus is in
place and that that course answers all learning
objectives set. One important point to be addressed
in the future is the publication of adequate and
comprehensive literature and books. The other point
is the creation and use of more interactive means for
demonstration and exploration of the course’s
contents.
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Abstract have awaken great interest in the German Media Community. On
one side, for the first time in a German University a Department
The rapid evolution of Media through the introduction of digital was established at the crossroad between the Humanities, the Arts
technologies, the multimedialization of computer hardware and the and the Sciences with the purpose of forming a generation capable
development of new network technologies have generated the needf researching, developing, designing and analyzing products in a
for new profession profiles responding to the rapid changes in this fast evolving medialized world which is being created through the
fast evolving branch. In the new Media, arts and humanities are introduction of new graphical, acoustical, multimedia and commu-
tied to rapid technological development to create new markets andnication technologies.

new products. This paper describes the study courses taught at the The Humanistic-Economic department component is repre-

Department of Media of the Bauhaus-University in Weimar, where

sented by the presence of professorshipsRar€eption Theory,

future Media Designers, Media Critics and Media Scientists are Theory and History of Medfa “Theory and History of Artifi-
forged. All courses are taught in a project based way, so as to teachca| Worldg, “ Sociology and “Media Managemefit while De-

flexibility for a rapidly evolving sector. The new study courses rep-
resent a first attempt of definition of an education at the leading
edge of technology which is entirely based on graphics, multime-
dia and network-based paradigms.

1

In recent times, the information society is transforming from an
individual or organization based archive (or repository) of informa-
tion to be processed to a networked environment allowing commu-
nication between humans and within society [7]. Older broadcast-

Introduction

based media, which allowed essentially a one-way communication,
have been completed by Internet technology, which instead allows a

two way communication on the same medium. The development of
computer networks, as well as the introduction of powerful graphics

hardware on computers, have allowed the introduction of computer-
based communication: computers have evolved from data process

ing units to hardware for a new medium allowing a new type of
interhuman communication bringing in a new quality, and allow-
ing multimodal location-independent communication. New power-
ful hardware allows the generation of shared virtual environments,

where communication can happen between virtual representations

sign professorships have been established Ktultimedia Story-
telling”,” Design of Media Environmerits' Media Events “ Trends
and Public Image$s" Interface Desigh “ Experimental Radiband
“Electronic Music Compositidn Instead of following the classi-
cal single medium oriented education, the design professorships
have been conceived to have designers capable to utilize more than
one medium for their expression. The technological component is
currently represented by professorships atabases and Com-
munication Systerfis* Networked Mediaand “Computer Graph-
ics’, and will expand next to include professorships iirtual
Reality Systenis“Computer Supported Cooperative Woend
“Computer-Based Gamihg

The Faculty of Media understands itself first of all as a think
tank and as a confrontation location. A think tank where the crit-
ics of existing and of new forms of media serve as a stimulus for
the conception and for the development of new media, both as new
forms of representation with traditional media as well as new types

of technologies. The mission of the department is to study and crit-
icize existing media, to research and develop new interhuman com-
munication paradigms, and to promote the creative use of existing
media.

The focus of the two study courses currently available is mainly

of users (avatars), allowing the decoupling of the representation of S€t On the Arts and Humanities, whereby students have the possi-

the subject from his physical appearance.

The establishment of these new technologies requires new spe

cialized study courses which differ from classical Engineering,

Computer Science, Artistic and Human Sciences education [8, 4],

integrating different traditional fields [5, 2]. The market requires

creative and innovative graduates capable of coping with a rapidly

changing industry and with the challenges of three-dimensional
representation [1]. Moreover, the scientific foundations for such

systems are still at their infant stage, there is no general model, and
systems are developed on the stimulus of application, and are not

generalizable.

The establishment of a Department of Media at the Bauhaus-
University in Weimar and the introduction of two study courses in
“Design of Media” and in “Media and Cultural Studies” in 1996

*Computer Graphics, Visualization, Man-Machine Communication

Group

bility of receiving a strong education on the available technologies

S0 as to be able to follow and to participate to their development as

competent initiators and co-concievers. This approach is motivated
by the observation that many of the technologies which were de-
veloped in the last thirty years in this field could not make a break-
through in the market due to the lack of applications based upon
them. The closeness of end users to the developers of these tech-
nologies is a key to the success of the technologies themselves. End
users should be able to have a constructive exchange with the devel-
opers and conceivers, so as to both influence the development and
be aware of it in time.

To complete its offer, the Department plans to introduce a third
study course in 1999 on Media Systems, so as to insure the presence
at the faculty also of technology developers aware of user needs.
The new study course aims at the market of the rapidly expanding
media, multimedia and telecommunication industry which creates
technologies and systems for the new media.



All the study courses are organized in a project-oriented way:  The aim of this approach is to promote the competence in stu-
students do not learn a theory that in future after the diploma will be dents so as to allow them to dialogue with other people involved
applied in practice. Instead, the study courses are organized aroundn the media industry, whatever their personal inclination is, be it
the “learning-by-doing” principle. This is motivated by the speed towards the arts, technology or on reflection on the media, and to
of the development of technology: the goal of studying should be promote the understanding of the basic technologies available.
here to train flexibility and the development of new paradigms, The job perspectives of the students are improved consider-
more than building the knowledge for a lifelong profession. At a ably by the in depth technological education which improves their
very early stage, students are therefore involved in the faculty re- chances in the work market. The traditional gap between research
search, development and artistic activities and participate in the de-and development, and end users is minimized. Arts and humani-
velopment, accompanying the work on the projects with traditional ties students cultivate in the non-technological study courses (which
courses relevant for the projects themselves. Furthermore, basicsstill constitute the main part of their study) their characteristics as
are taught through introductory courses which have to be completedartists and critics, and pursue careers in the creative or humanistic
before gaining access to the faculty projects. field, but are able to understand the potential development in tech-

This paper is structured as follows: section 2 presents the currentnology and to accompany it from its very early stages. This is a
arts and humanities study courses in Media, section 3 presents thelecisive advantage with respect to traditionally schooled students
new study course in Media Systems which completes the offer of in the arts and humanities.
the department. In the last section, perspectives for graduates are
traced and some conclusions are drawn. . .

3 Media Systems: a New Paradigm for
2 Technological Education and Multime- Multimedia Education
dia for the Arts and Humanities Media Systems are systems that have an influence on the Media,
i.e. that support and allow communication between people. This
In the education of artists and of human scientists working with includes broadcast, networked and point to point communication.
the media, a twofold goal has to be accomplished: on one hand, Setting the accent on systems underlines that focus is set on com-
traditional r‘nedia7 such as f||m' broadcasting, print media have to pleX _entltles, rather than individual hardware Components thereof..
be taught; on the other hand, students have to be prepared to the usMedia Systems are therefore complex systems used to communi-
of new media for their projects, and to successfully cooperate to the Cate. )
development of new technology. The contribution of artists to the ~ The study course is addressed therefore to all persons that want
technological development is essential, since end user feed back i§0 acquire technical/scientific knowledge in the new media, and
of extreme importance. want to pursue a technical career in Digital Media, Gaming and

Since the media industry develops itself at the same time towards Entertainment, Computer Graphics, User Interfaces, Animation,
multinational media corporations and into tiny services deliverers, Image Processing, Visualization, Networks, Computer Supported
a strong component of economical foundations have to be taught. Cooperative Work, Teleactivities, Virtual Reality and Digital and
This is achieved through the teaching of basic economical coursesMultimedia Publication, and that want to participate to the tech-
as well as special courses on the economics of startup companies. Nical conception and to the development of the expanding mul-

Both study courses are centered on projects. Under individual tu- imedia, entertainment and communication industries. The study
toring, groups of students are assigned a theme each semester whicfoUrse builds ultimately professionals that are creatively capable
they have to develop. Project results are then publicly presented atCf conceiving systems that revolutionize the way of thinking and
the end of the semester. This way of teaching focuses the study on®f cOmmunicating between humans, and that favour new forms of
the production process, from conception to execution. exchangg between them. Furth_ermore_, since the study_course isin-

Artists and Humanists are known to suffer of the typical com- tegrated in a faculty where a wide variety of study profiles for the
puter device fear. Moreover, most students approach the studyMedia industries are present at the same time, it prepares through
course attracted by the contents of media, not by the technology di2logue and discussion with the creative and humanities faculty
driving them. However, in a high-tech environment, it is very dif- components to cooperation with all professionals of the media in-
ficult to avoid being confronted with the glitches and problems of dustry and research. o L
the technology. This is why a comprehensive technological compo- 'I_'he s_tudy course global duration is four years, subdivided in two
nent, including three basic courses on the foundations of Mathemat-ma&jor slices of two years each.
ics, Computer Science and Media Systems (network and broadcast
te_chnology) are taught. Additionally, fundamenta_lls (_)f program- 31 The propedeutic years of the study course
ming languages, of operating systems, of communication networks,
of computer graphics, of multimedia, of databases, of image pro- The rapid developments in the multimedia and telecommunica-
cessing, of sampling algorithms and of interactive technologies aretion industry require a total rethinking about how a scientific study
taught on a regular basis. Students are also confronted with thecourse should be organized. Technology evolution is so fast, and
basics of hardware development. new application areas and environments develop so quickly, that it

They are allowed to learn broad and comprehensive foundationsis hard to predict what an optimal study curriculum is for the field.
of the technologies they will use during their lives. Teaching is not What are needed both in industry and in science are flexible persons
application-oriented or software oriented as in most institutions, but that are capable of working in projects with minimal introduction
concentrates on principles, so as to avoid an application-specifictimes, and capable of working as a task force on a theme for a pe-
approach, which has no sustainability on the long term. This ulti- riod of time in an innovative way, then move to new projects.
mately trains towards flexibility. Additionally, students are allowed Instead of the traditional approach based on trying to cover dur-
to visit introductory courses on the main interaction, animation, ing the study the whole spectrum of related matters until “universal
multimedia, modeling, rendering, image processing, compositing, knowledge” of the matter of study is reached, the study course is
sound editing and web based techniques so as to understand théherefore organized around the concept of research project, and tries
principles of tool based work in the media. This is done through to teach “high-tech” on a learning-by-doing fashion. Of course, itis
hands-on intensive tutorials aiming at real production. not possible to renounce completely to introductory courses, which



provide the tools for scientific reasoning. However, introductory and acquire during the development of the project the necessary
courses should be kept to a minimum, so as to leave as much roomfoundations on the project themes so as to deliver research results.
as possible for project-based work. In the course of their study, students enter their first projects (al-

From the point of view of content, the study course is centered ready in the second year) as executors, and acquire more and more
on the idea of a system. Basic courses are taught during the first twoexperience, creativity and dialectic capabilities as they become
years. They serve three main purposes: first they provide the math-more mature and gain broader knowledge, participating more and
ematics and computer science basics for mathematical reasoningmore to the conceptional phase and to bigger parts of the projects,
and for programming, second they provide an overview of system until they are able with in the final thesis to take a project and de-
modeling which is relevant for the field and which is available in  velop it by themselves. This of course requires extensive individual
science. Third, the study of available media technology, including tutoring, which has to be performed directly by faculty. In return,
traditional media, is provided as a foundation. The modeling of faculty is allowed to concentrate most of the time on its research
complex systems requires the mastering of all possible modeling themes and can profit from the work of the students. Through an
methods, which are then taught in the basic courses. admission exam and through a personal interview of the applicants

More in detail, the Media Systems introductory courses are con- selection of suitable students for such a non-conventional study
stituted by the subjects listed in Table 1. Purpose of these introduc- course is achieved. The individual nature of the study course re-
tory courses is to provide the student with the capability of abstract- quires not only application, but also particular creativity of thought.
ing and understanding complex systems and their components. The
numbers to the right of the tables indicate the number of semester
weekly hours of course during the study course, which have to be 4 Perspectives and Conclusions
multiplied by 1.5 to obtain the credit points in the ECT@ven
by the single units. Computer Science and Mathematics rudiments
are built through the courses listed in Table 2. All the above men-
tioned courses have to be absolved in the first two years of the study
course.

Note the centering of the subjects on the concept of systems and
of mathematical modeling, and the relatively light Computer Sci-
ence and Information Theory contents with respect to traditional
Informatics and Electrical Engineering. The faculty of Media of the
Bauhaus-University strongly distinguishes these two subjects from
Media Systems, the latter involving more analysis and modeling ca-
pabilities than the first two, this in order to master the complexity
of the systems to develop.

In order to prepare the students to the last two years, where the
main part of the time will be spent in research projects, students are
allowed to choose during the second year two labs where they can
participate to the department’s research activities in two chunks of 8
hours per semester (in study projects) so as to gradually familiarize
with the research activities. Here, students have to bring their con-
tribution to research, starting from the entry level of development
and get acquainted with the methodology of study of the second
part of the study course.

According to the last German Federal Ministry of Economics re-
port on the Information Society [3] the average rate of growth of
the entertainment, telecommunication and multimedia industry in
the early nineties has been over 20% yearly. This growth rate has
been rapidly increasing since, and creates an immense demand on
specialized personnel, in all sectors, be they in the creative, orga-
nizational or technological sector. Graduates from flexible study
courses at the leading edge of research stand excellent chances for
conducting an interesting work life. Moreover, their flexibility “pre-
programs” them for continuous education, in aworld where itis less
and less possible any more to learn at the university a profession
which will last a whole life.

With its three study courses centered on research, on the appli-
cations and on the critics of Multimedia and Network technology,
the Department of Media at the Bauhaus-University in Weimar is
an unique example of cooperation among people originating from
traditionally distinct academic paths. This reflects in the educa-
tion, which centers, of course, on the special skills required from
scientists, artists and humanists, but completes them with elements
which are necessary to ensure the capability of all three components
to dialogue with the other participants to the technology develop-
ment and usage. Furthermore, with its transdisciplinary approach,
3.2 The second part the department follows the path traced by the interdisciplinary re-

search group at Xerox Palo Alto Research Center (PARC) in the
In the second part of the study course students have to work onegyly seventies [6] which developed the mouse-based desktop user

the department research projects. Each semester, the student has {gerface, adapting the approach to respond to the needs of a broader
work in one of the laboratories of the faculty at a research project subject.

which is assigned to him at the beginning of semester. This means
that students will have the possibility of working on four research
projects in the last part of his study course, for a total of 16 hours
per week presence at the lab each semester, which gives them 2
credit points if the project is concluded and defended successfully.
The department is currently setting up laboratories centered
around the research themes listed in Table 3. Additionally to the Acknowledgments
work on projects, students have to get credits for accompanying
courses in the quantity .Of 4\.Neek|y hours per semester, giving them Special thanks are due to the people who contributed with their support
a total of 6 ECTS credit points per semester. The courses can beand discussions to the contents of this paper: Lorenz Engell, Peter Hupfer,
chosen from the advanced courses list, which are variable offers of -, Zimmermann, Grit Tirner, Claus Pias, Bernd Schalbe, ansh@ér
_the faculty, depending on th_e projects available, b.UI which mlght Schatter. A special thank is also due to all functionaries at the Ministry of
include the course catalog listed in Table 4 The am of extenglve Research, Science, and Culture of the Free State of Thuringia who supported
work on the research projects, and of the theoretical foundations our Department at various stages of its development
which are delivered through the courses, is to train the students to '
be able to take up a research project having only basics knowledge

The applications for access to the new study courses state the
interest of youth for the perspective careers involved, and are cur-
ently beyond 1000% the number of admissions available in all
tudy courses currently available.
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Media Technology Broadcast and Network Technology, 8
Communication processes and standards.
Psychophysiological Systemis Perception Theory, Human Senses, Psycho-physiologly
Physical Systems Mechanics, Dynamics, Electromagnetism, Waves | 6
Logics and Discrete Systems Logics, Semantics, Discrete Mathematics 4
Concurrent Systems Concurrent and Distributed Systems and Processes 4
Fuzzy Systems Analog and Fuzzy Systems, 4
Non-quantifiable Systems (Quality, Expressivity)
Stochastical Systems Statistics, Probability theory, Empirical Methods 4
Projecting Methods Theory and Methods of Design 4
Cultural and Social Systems| Sensemaking Systems, Symbol Systems 6
Narration, Social Systems

Table 1: Media Systems introductory courses

%

Introduction to Computer Scienc

Higher Mathematics

Device Architecture

Numerical Mathematics|

Algorithms and Data Structures

Discrete Mathematics

User Interfaces

Functional Analysis

N| W[ W| w

N[N NN &

Operating Systems

Table 2: Computer Science and Mathematics courses

[ Title

Description

Tomorrow’s Realities

Virtual Reality, Computer graphics, Computer-augmented realit
Real-time systems, Visualization, Digital sound

Learning and Teaching
Continuous Education

Teaching at distance, Tele-teaching, Multimedialization of courges,

ms

ent

Human perception

Storytelling Narrative techniques, Esthetical processes, Sensemaking syste
Information presentation, Computer Animation

Entertainment Games, Computer supported Gaming, Media-based Entertainr

Work Computer Supported Cooperative Work (CSCW), Tele-working
Work organization of tomorrow, Telematics

Interfaces 3D-Interfaces and -1/0, Haptic Displays, Immersion,

Table 3: Research themes for the department laboratories

Game Theory Geometry Computer Graphics | Multimedia
Storytelling Image processing Image Recognition | Global lllumination
Typography Virtual Reality Digital Television Sound Processing
Colour Theory CSCW Learning at distance| Telematics

Ethics and Media Empirical research Visualization Animation
Electronic Communication | Electronic publishing | Interaction Creative Conception

Ergonomy and work science Database Managemery

Systems

t Operations Researc

Media Cultural
Studies

Table 4: Optional courses for the second part of the study course
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Abstract

The future of interactive multimedia design education
depends upon the disintegration of discipline-based
boundaries within the higher education system.
Disciplines outside of computer science and
computer art contribute significantly to the
understanding of the cultural and social implications
of the medium. A cross-disciplinary approach
enables students to explore new ideas that inform
their understanding of the implications of multimedia
production on the individual and society. The
evolution of communication design has reinforced the
need for an understanding of human behavior and
representation. Because functionality no longer takes
precedence over appearance in WWW and CD-ROM
design, students must have a strong understanding of
the principles of art and design as well as
programming.  The boundary between content
provider, visual designer, and software designer is
blurring therefore reinforcing the need to explore the
relationship between art, psychology, computer
science, popular culture, software engineering, and
the social sciences in a meaningful way and integrate
these connections into the curriculum. Only then
will higher education begin offering interactive
multimedia design education that will enable
students to influence the direction computer graphics
and interactive techniques in new and profound ways.
Keywords: curriculum, interactive multimedia
design, cross-disciplinary.

1. Introduction

In the past decade, academic institutions have found
themselves inadequately prepared to cope with the
rapid changes brought about by the cultural appeal of
computer graphics and interactive multimedia. Ten
years ago, who would have thought that URLs
would be printed on cereal boxes, and teenagers
would prefer online chat sessionsto TV? A life
enriched by video games, special effects in film, and
the World Wide Web often entices students to seek
out academic institutions that are able to prepare
them to become interactive communication designers
and/or technicians. To provide a well-rounded
education in interactive multimedia  design,
discipline-based degrees should be rethought and

new multi-discipline fields developed. This idea
transcends the common practice of cross-disciplinary
curriculum  requirements and focuses on the
development of hybrid courses and initiation of
academic de-categorization. The development of a
new interdisciplinary structure could enable flexible
adaptation thus encompass the changing needs of
students entering the interactive multimedia design
field.

2. Collapsing the Structure

We are currently immersed in the technological and
ideological transformation of global cultures. Not
only is information on virtually any topic available
to anyone with access to a networked computer, but
the hierarchical structure controlling information
production and publication is collapsing. In a world
where scholarly texts and student productions co-
exist side-by-side, we find that our expectations of
and experiences with information acquisition have
changed. According to Margot Lovejoy, “In the
Internet, we have the commingling within a vast
global community of international resources of both
high and low cultural appeal. Some see the screen as
a linguistic leveling device which flattens and
devalues language. Others see a rich evolution of
language occurring on the Web, not as it evolves in
novels but as an experience of communication
beyond the usual hierarchies of mediated
publishing.” [1] Not surprisingly, students often rely
on the Web for information and we have seen URLS
replace print references in their research papers. They
realize the value of easy access to this cornucopia of
diverse information and want to be involved in the
production of information as well a consumer of it.

3. Revisiting the Past

Along with the collapse of the information
production hierarchical structure, the method and
means of conveying information have begun to take
divergent paths. Whereas we see a resurgence of the
dependence upon visual communication, the means
of communication has evolved in a direction that
defies the foundation upon which communication
was founded. The earliest tangible examples of
communication were often found on cave walls in the



form of depictive images. In these ancient cultures
information was exchanged directly by means of
visual, auditory and gesture-based reciprocation.
This interactive interchange was confined to the
physical locale. Over the years, cultures have
become less and less dependent on images and have
relied on the abstraction of symbols such as text to
convey thought. With the advent of the book,
information became tied to a tangible material that
enabled the dissemination of ideas to a wider
audience.  Books became permanent records of
knowledge and were often considered the authority.
Cultures developed elaborate campaigns to maturate
text-based literacy, while de-emphasizing the visual
image.  Interaction, inherent in pre-text based
information exchange, was severed, leaving the
receiver of information alone without recourse. In
“Being On Line: Net Subjectivity”, Doctress
Neutopia states “There is something dead about the
word. After it is written, like a photograph, it is
there as a reflection of past thought, there to remind
us of a moment in time when the inspiration
possessed the writer”[2]. The transient nature of the
World Wide Web suggests there is no authority and
information is constantly in flux and very much
alive. Knowledge becomes a process of exploration
and evolution, not a product.

4. Crossing the Boundaries

The re-emergence of an emphasis on visual,
interactive exchange of information in the late 20th
century generates the need to expand our
interpretation of what it means to communicate. The
Internet has become a fertile ground for experimental
forms of social exchange. The enabling of immediate
reciprocation that transcends geographic space
challenges the formative structure of exchange yet
broadens the appeal. = Abraham, Meehan, and
Samual, in the book “The Future Ain’t What it
Used to Be”, stated “Online culture is, more than
anything else, about satisfying our fundamental needs
for dialogue, discourse, and debate”[3]. In the past,
personal interaction within local communities
nourished the culture. Today the interchange within
on-line culture supplements and often surpasses local
exchange enabling not only dialogue and debate but
also  cross-cultural  transmutation  of ideas.
Understanding the visual image plays an important
role as students begin to understand cultural
differences and explore new modes of exchange.

5. Education’s Responsibility

With the responsibility of preparing today’s youth to
function effectively within a cross cultural,
interactive, visual environment, educators have an
obligation to address the concerns of the changing

state of information consumption and production. In
many countries, we are seeing new academic
programs emerge and existing structures expand to
emphasize the production of visual information using
computer graphics. The technical aspects involved
in the production of images and interaction using
computer technology typically consume academic
attention. Little, if any, time is devoted to how
these images are transforming our culture. The
essence of interaction and information design is
overlooked in favor of the technical means of
production. We teach programming which focus on
software development and art classes where students
design Web pages, but where do we teach courses
that integrate the mathematical, artistic, and cultural
aspects of new media and communication design? A
cross-disciplinary approach to interactive multimedia
design education will enable students to produce
works that not only stimulate our senses, but also
challenge us intellectually.

6. The More We Know, the More We
Can Say

Whether we design interfaces that empower or
entertain, we are attempting to create screens that
convey information to the user. Visual
communication, whether employed in scientific
visualization or in art, is often more successful when
knowledge of human perception is applied.
Developing an understanding of the structure and
function of an image will enhance the student’s
ability to communicate the essence of a concept
effectively. One of the strengths of computer graphics
is its ability to render obscure and abstracted data. It
is able to do so only through detailed analysis of the
data that makes up the image. Knowledge is power.
As stated in the classic computer science proverb,
garbage in — garbage out, the quality of the input
heavily influences the quality of the output.
Students with a deeper and broader base of
knowledge are able to produce more sophisticated
and engaging interactive computer graphic products.

7. Communicating ldeas

In the Computer Art curriculum at Bowling Green
State University students were given a JavaScript
assignment to develop WWW pages that
investigated the concept of time as it relates to
human perception (see Figure 1). The idea was
discussed as a class, thus generating initial
approaches to the subject. Sub-topics were identified
and students selected which theme they wanted to
research further (see Figure 2). Students were given
time to search the Internet, go to the library, find
images, and think about a specific approach they
wanted to take with the project. The following



week, the students met with a small group of other
students that selected a similar theme and each
student described the specific idea they wanted to
convey visually and interactively in their JavaScript
project. Often, the topic involved abstract content
such as Mat Brandeberry’s JavaScript project that
explored the idea of duplicity, doldrums, and
decisions (see Figure 3). Rudolph Arnheim in “Art
and Visual Perception” states that “The relationship
between intellectual knowledge and visual
representation is frequently misunderstood. Some
theorists talk as though an abstract concept could be
directly rendered in a picture; others deny that
theoretical knowledge can do anything but disturb a
pictorial conception” [4]. Students grappled with the
idea of visually communicating these abstract ideas
within an interactive environment.  They also
considered how interaction could effectively enhance
the concept they were trying to convey. The
technical aspect of how to develop an interactive
exploration of their idea using JavaScript was not
highlighted until the research was well underway and
the idea was solidified.
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Figure 1. This is the start of the JavaScript Project.

Figure 3. This approach explored the concept of
duplicity, doldrums, and decisions.

8. Interface Design - Human Factors

As the students moved from idea to digital image
production to interface development, issues related to
human factors and effective visual layout arose.
According to Brenda Laurel, “The working
definition the interface has settled down to a
relatively simple one - how humans and computers
interact - but it avoids the central issue of what this
all means in terms of reality and representation” [5].
Students needed to decide whether an exploratory or
intuitive interface would be more effective in
communicating their idea. They also discussed how
the experience they were providing for the viewer
translated into meaning. If a student decided to
explore the concept of time, technology, and



intimidation, an interfaced designed to confuse and
belittle the user would communicate more than any
collection of images. Yet, if the student wished to
empower the user, an interface that translated
technology into human terms would result in a more
relevant experience. The design of the interaction,
interface, and visual communication should be
seamlessly interwoven into the expression of the
idea. Interdisciplinary educational experiences
prepare students to make meaningful connections
between disparate fields of study.

9. Interaction Production Education, or
Technology is Never Enough

One of the obstacles that prevent the development of
an integrated interactive multimedia  design
curriculum is that it does not fit nicely into any
currently defined field. In an essay entitled, “The
Design of Interaction”, Terry Winograd states,
“Although computers are at the center of interaction
design, it is not a subfield of computer science... As
well as being distinct from engineering, interaction
design does not fit into any of the existing design
fields. If software were something that the computer
user just looked at, rather than operated, traditional
visual design would be at the center of software
design. If spaces were actually physical, rather than
virtual, then traditional product and architectural
design would suffice”[6]. Often we see academic
programs such as Computer Art, Computer Science,
Information Technology, and Public Communication
offering classes in interactive multimedia, each with
its own unique approach to the subject. Since
interface and interaction design relies heavily on
technical proficiency, artistic talent, and an
understanding of human behavior, all aspects of the
field are rarely explored in any depth in any single
discipline.  Nicholas Negroponte believes, that
“...we are moving away from a hard-line mode of
teaching, which has catered primarily to compulsive
serialist children, toward one that is more porous and
draws no clear lines between art and science or right
brain and left” [7]. At the university level, this
method of teaching is slow in developing.
Occasionally computer art professors teach basic
programming and the mathematical terminology
necessary to understand 3D modeling, but it is rare
to find courses in computer science or information
technology that also focus on the principles of art and
design. It is even more rare to find interactive
multimedia courses that address issues of human
perception, behavioral science, global studies, and
popular culture.

10. Technical Proficiency

Within the Computer Art classroom, the students
learning JavaScript to convey their ideas in
relationship to time were forced to rely on a small
subset of the programming language with very little
knowledge of the concept of object-oriented
programming. Because time was devoted to critique
of the artwork and interface design as well as
discussion, very little time was left to investigate the
language.  Without prerequisite knowledge of
programming languages, the art students were
stumped by concepts as fundamental as variables.
Ten different JavaScript examples were presented and
thoroughly discussed. These examples were made
available to the students via the Internet. Needless
to say, very few student projects code that
significantly differed from the example code
distributed. Did they understand the code? Yes, to
a very limited extent. Did they understand the
potential of the language and how to manipulate it to
solve unique problems? No. As a beginning level
assignment, the project was successful in revealing
the artistic potential using computer graphics,
interface design, interaction, and JavaScript, but to
fully understand the medium, more programming
experiences would be necessary. The students also
were not given the opportunity to study the impact
their work had on the global viewer nor how it fit
into popular culture.

11. A New Generation

After completing the project, the three student
volunteers developed the interface that linked the
individual projects together under one unified
structure. The project was published on the WWW.
Although this was a student project, it was available
for the world to peruse. For many students, this was
the first time they had published a work of art. It is
important to note that the average university student
has a very different relationship to technology than
their professors. Most of the students in the
Computer Art course were between the age of 19 and
21. On the average, they were 5 years old when the
microcomputer became widely available. Most had
grown up with computers in their home. They do
not remember a time when video games were not
popular. Fax machines, photocopiers, and answering
machines have always existed according to their
recollection. They were in middle school when the
World Wide Web hit the mainstream. Email, chat
rooms, and URLSs are as much a part of their lives as
TV was a part of ours. The immediacy of real-time
interaction with remote parties via the Internet is not
new to this generation; it is an integral part of their
life. Yet, communication that transcends cultural
boundaries still has its novel appeal. As educators



we need to be aware that as consumers of information
on the Internet, our students are often quite adept.
Yet as producers of information, they are often very
inexperienced.

12. Global Communication

Although publishing interactive information that
reaches a global audience is exciting for the student,
the lack of physicality, and the cross-cultural
implications should be addressed in the curriculum.
Creating interactive work that accepts or monitors
responses from global visitors enables the student to
begin to understand how the work reads in a cross-
cultural virtual world. Oftentimes a student’s vision
of the world is based on their personal experiences.
Lectures, books, and TV may present alternative
views, but reality still exists within individual
empiricism. Using the Internet to initiate
communication and solicit responses to student
interactive multimedia works, enable the student to
begin to understand the implications and
interpretations of their work. The World Wide
Web enables the student to build pages and publish
their work. By also including feedback forms on the
page, the work not only becomes public but also is
subject to global critique. A narrow, uninformed
view of a topic or a design that does not compliment
the content will quickly have its weaknesses revealed
by the global community. It is often the case that
critiques come from many different cultures and from
people with various professional interests. Within a
single discipline based course, this global feedback
enables the student to integrate ideas that transcend
geographic and discipline-based boundaries.

13. New Solutions

Within the academic community we are searching for
a home for Internet-based interactive multimedia
within existing departments and schools. Yet the
very nature of the medium is cross-disciplinary. To
be successful, an educational experience in interactive
multimedia should span across academic boundaries
and possibly include sub-topics within computer
science, computer graphics or computer art,
traditional art, information science, social science,
psychology, business, and philosophy.  Students
also need to be more aware of the global economy
and cultural similarities and differences. Currently,
in most universities, students must select a major in
one of the above areas and hope to take courses in the
other areas. Contemporary solutions to providing a
well-rounded experience in interactive multimedia
have often fallen into four categories: new programs,
experimental courses, advising, and prerequisite
courses. Academic institutions are often reluctant to
establish new programs therefore faculty initiatives

are essential to the educational success of students
focusing in this area. Creative solutions come from
the realization that new media has changed the way
we, as a culture, process information. Broadening
our own experiences to encompass new multi-
disciplinary approaches to our own understanding of
the issues will inevitably translate into attainable
solutions.

14. The Team Teaching Dilemma

One of the answers to the problem is to provide
team-taught cross-disciplinary courses that integrate
design, programming, and human factors as well as
information from other supporting fields. For
numerous reasons, this solution is often unattainable.
Although many universities pay lip service to the
benefits of interdiscipline studies and team-teaching,
faculty are often discouraged by the lack of support in
terms of course load reductions, salary compensation,
and access to information and facilities. Faculty
eager to cross boundaries often find themselves
without the support of the university and unable to
initiate  new  course  development  without
compensation and approval. Supportive
departments often find that budgetary structures are
not flexible enough to compensate two professors
fully when together they teach only one course.
Also, it is common that team taught courses require
more preparation because of the ongoing negotiation
involved between professors. Despite  these
obstacles, faculty occasionally sacrifice summers and
adequate pay to develop experimental courses and
integrate new cross-disciplinary content into their
interactive multimedia courses. These heroic efforts
have not gone unnoticed. The introduction of multi-
disciplinary study, complimented by multiple
viewpoints, increases the students understanding of
the medium in which they work.

15. New Approaches

Although team teaching enhances the educational
experience of both the student and the faculty, the
discipline-based boundaries within the university
still prevail. Art and Computer Science departments
operate independent of one another and proudly
educate students by delivering the content they know
best. Courses that do not fit the idealistic vision of
what art or computer science should be are often
short lived or never approved. Many universities
have developed departments or programs that attempt
to merge the wvarious interests involved in
communication technology education. With titles
such as Multimedia Technology, Information
Science Technology, and Visual Communication
Technology one would think that an aspiring
interactive multimedia producer would be able to



obtain a well rounded education in the field. This is
sometimes true, yet not always.  These new
disciplines also tend to become exclusive rather than
inclusive and course content follows a prescribed
direction that may or may not include the multi-
faceted field of interactive multimedia development.
Imagine the possibility of developing a department
that employed art and design faculty, computer
scientists, popular culture researchers, architects,
social science faculty and experts from other
supporting fields. The goal would be to make
connections between the various disciplines and tie it
all together using computer graphics and interactive
multimedia development as the catalyst. This cross-
disciplinary approach to education would pose
challenges as the various fields seek out common
ground and merge interests. The rewards would
reveal themselves not only in the educational
outcomes of the students but also in the intellectual
growth of the faculty as they broaden their
experiences and modify their single discipline
approach to education. In an actively evolving
curriculum such as this, it is likely that the students
would not only be the recipient of ideas but also
engage in the process of creating the connections
between disciplines.

16. Conclusion

As more and more students enter academic
institutions with the desire to work with interactive
multimedia, the demand for a cross-disciplinary
approach will increase. The preparation necessary to
enter the field will necessitate new disciplines or
possibly a destruction of the academic walls that
prevent students from focusing in a multi-
disciplinary direction. There will be more demand
for a team teaching approach and a broad-based
curriculum. Students have been, and will continue
to challenge existing degree requirements to
accommodate their desire to integrate computer
science, art and other supporting areas. The
development of a diverse educational approach
promises to reveal exciting new opportunities not
only for students but also for faculty and the
institutions themselves. The knowledge and
experience that comes from multiple viewpoints and
various fields of study will challenge the students to
become independent and critical thinkers. Students
involved in a fully integrated cross-disciplinary
interactive multimedia design educational experience
will gain the understanding and power to take
interactive multimedia to new exciting directions.
This new generation of communication engineers and
artists will inevitably alter the course of this
important medium thus forcing academic institutions
to again re-assess and refine their approach to
providing interactive multimedia education.
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ABSTRACT

By courseware modularity we mean the possibility to build complete courses from many
small course modules fitting together. In contrast to puzzle pieces, course modules should be
designed to fit into many different situations, allowing different courses to be produced.
This goal introduces a lot of problems to be solved, like organisation (hierarchical) of the
material, formats’ compatibility, clear separation between contents, structure and
presentation, ...

To allow an effectivenultiple-use of coursewargise of the same courseware entities by
many users), as well as ns-use(use of the same courseware modules in the production of
different courseware entities), the courseware production should be performed in small
learning units that keep courseware highly modular and self-contained. Problems with the
didactic design should not omitted.

The adaptability (meeting individual learning characteristics and learning needs) is also a
reason to support the modular approach. Nevertheless, development is needed to ensure, in a
practicable way, the adaptability of courseware.

The storage and management of the learning material is also an issue. The use of distributed
database systems and the integration and inter-operation of several services, allowing the
access to the best fitting learning material for the user and learning target, have to be

achieved to allow a real multiple use and re-use of learning material.

Last, but not the least, the production cost: the courseware production is expensive and
requires large teams of persons with different skills and expertise, and it is very time and
resource consuming. One way to lower production costs without affecting the material itself,

could be the material re-use.
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1. Introduction

Teaching and training scenarios have changed
over the years. This does not come as a surprise,
but one must study what are the corresponding
implications in current teaching and learning
methods and processes.

There are three major differences. First, starter
learners are more receptive to learning if they are
able to visualize different objects, models and
concepts] they are growing up in a TV and
computer worldd , and by actively manipulating
them O (learning is thus a hands-on process,
which stimulates the curiosity of learners and their
interest in acquiring additional knowledge.
Furthermore, there has been a huge advance in
technological support (computers and networks),
and, finally, learning is no more confined to the
first 25 years of life, but has turned into a lifelong
process.

Today's learning scenarios extend beyond the
traditional classrooms: students can access
courseware materials from home and teachers feel
the need to use new media in their classes. Both
scenarios require multimedia material and add
interactivity to the traditional chalk and board
scenario.

In this position paper we want to open the
discussion about the main issues that must be
addressed to enable courseware reuse and the
feasibility of possible solutions, based on some
experiences we already have

2. Production of Courseware Material

Multimedia courseware production is not a one-
person job, but requires large teams of persons
with different skills and expertise, and is very time
and resource consuming. There are two ways of
lowering costs: increase the number of people
using each course, or make use of the material in
different contexts, that is, reuse it.

The best way of guaranteeing that the courseware
produced fits its author’s idea is that he/she will
produce it all. In fact, no deviations will be made
concerning the focus and original design, and the

author will always be up to date with the current
state of production. With some tools to keep track
of the courseware produced he/she will easily
maintain and validate it. However, one can
immediately perceive the drawbacks of this
option: time constrains, tools and methods used
might not be the best, but always the ones that the
author can access. The best option will be then to
have separate teams, according to specific

functions.
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Figure 1. The courseware production
process.

As depicted in the above diagram, the same person
can perform different functions. For example a
teacher, or a group of teachers, can generate one
idea, put it on paper and take the responsibility of
the didactic and assessment aspects, leaving the
most technical aspects - MM Production,



Programming Simulation and Design, as well as
Layout Design - to experts in those fields. Of
course the authors and the members of the
production team will have to interact, and that can
be done in real time or in deferred time. This last
option could be very helpful if thinking globally,
i.e., if a scenario is planed where authors are
scattered throughout the world and the production
team fixed in one specific place.

The drawback of this scenario is that there are
many extra variables that are input into the
process. There is now the need for a Management
Process ensuring that there is a correct workflow.
Furthermore, since the authors are not always
directly involved in the production, there must be
control mechanisms allowing them to validate the
successive production steps. Nevertheless, at the
end of the process there should also be a Quality
Certification Cycle, which guarantees that the
material to be released is still valid.

Although this additional production structure, is
associated with an increase in overall costs, it will
now be possible to generate high-quality
courseware with short-production cycles - two key
factors when it comes to courseware production.
One way to lower production costs without
affecting the structure that produces them, could
be the re-use of material already produced. The
numbers in the IDEALS project [1], an European
project with 13 partners, from industries to
universities, from 6 different countries, show that
it is possible to lower production costs making re-
use of existing courseware.

In that project the conclusions showed that the
production time for just one study hour was 164.3
hours [2]. This ratio depends too much on the type
of media involved (pictures, video, sound) and the
demanded quality. Using templates for some parts
of the course the number of hours required to
produce one hour of course material was lowered
to 91.8 h, with savings of about 44%. That is only
the amount of time associated with courseware
creation and does not include the time consumed
by management tasks.

More important than the above is the possibility to
further reduce the production time of course
materials by re-using previously developed
material. This allows saving about 27 working
hours per one hour of courseware. However, it was
obvious to all partners involved in the field tests,
that re-using implied almost always additional
adaptation times which were strongly related to the
complexity of the material being re-used. The
average time for this was about 6.0 hours per one
hour of courseware produced [3]. All of those

tasks took more time than expected, mainly
because there were no real, effective guidelines.
The numbers presented above just give an idea
about the effectiveness that can be achieved by re-
using courseware. It is obvious that the results will
vary depending on the quality of courseware and
the level of re-use that it is planned - just media, or
chunks of knowledge.

General-purpose courseware will lower production
costs and can be distributed to a larger number of
people. On the other hand, knowledge is getting
more and more specific today, and courseware
must follow this tendency. Besides developing
courseware from the scratch, one needs to be able
to adapt general-purpose courseware to specific
groups.

Note that generic software should be highly
modular to ensure its use by large, heterogeneous
groups of users, and has to be designed and
produced with great pedagogic and didactic care,
as well as carefully designed screen layout and
user interface. Thus making it easy to use, as well
as stimulating, and ensuring its success regarding
the learners. The cost associated with ensuring a
high-degree of courseware quality is usually offset
by the number of learners that can use such
generic courseware.

On the other hand, specific courseware can easily
incorporate higher-level knowledge units and
might be less modular. This reduced degree of
modularity and higher specificity usually restrict
the number of possible learners, and the usual high
design and production costs might not be as easily
offset by the actual number of learners.

3. Courseware Reuse

Nowadays we see images being reused (e.g.,
clipart), but this is not enough. There should be a
way for teachers to reuse compact units of
knowledge (modules), which focus on a specific
subject. It will be necessary to build courses
bearing one word in mind: modularity. When
content is stored apart from sequence and
structure, one can start thinking in reusing the
structure itself.

Three hierarchical levels that can be defined when
discussing reuse: the most atomic level - pictures,
movies; modules -, a collection of atomic entities
presented at the same time to a learner, and
learning sequences - structures referencing the
modules and their relations.

The easiest and obvious thing to do is reusing
atomic entities: you just need to replace one
picture for another or one movie for the other.
There is no secret here: if you have a database



with some indexation you can ease your work. In
terms of presentation, maybe you need to do some
adjustments/conversions, but in fact this is not a
critical issue.

When you want to re-use modules the first
problem appears: you must present these modules
to an audience. So if you want to re-use them, you
must have coherence, and for that the use of
templates is inevitable. Having different templates
built according to guidelines will make this
possible. This factor is indeed the most critical
one. There must be tools and processes that can
easily map atomic objects into modules according
to the template elected.

Finally the learning sequences, i.e., a collection of
references to modules and to other learning
sequences that together build one knowledge unit.
It is important that these learning sequences fully
describe all knowledge that has to be presented
regarding specific subjects, allowing their re-use in
different contexts, without any dependencies to
other modules or sequences. Once more, this must
be stated in the design guidelines and followed by
all authors.

If you are thinking about a book, the modules will
be the sub-chapters and the learning sequences
will define which and how the sub-chapters
constitute one chapter. For the whole book, there
is a learning sequence that references other
learning sequences (chapters).

Courseware developers must pay close attention in
developing an appropriate set of guidelines for
courseware design. Those must be as rigid as
possible, in order to achieve global coherence for
the course material to be produced. Changes to the
guidelines will generate new course material that
might not be compatible with that which has been
previously developed. When this situation
happens, probably previous courseware must be
re-produced, and then you start wondering if re-
use is effective or not.

Based on the many experiences of re-using
courseware, and despite the level of re-usability
that is in question, it is known that authoring
guidelines cannot remain fixed, or at least without
significant changes, for a long period. The same is
commonly accepted as necessary to produce a
good and stable Resource Bank of courseware,
which will allow effective cost reduction in
Courseware Production. So, what is the answer?
The method of developing a courseware reusable
library must take into account that the guidelines
might change, and then treat all courseware
components as entities that need to be stored and
classified in an effective way. The same goes for
the learning sequences, modules and presentation

templates. All of what is stored in the Resource
Bank can be modified/replaced individually
without affecting others.

We can easily foresee teachers having available
several course templates, choosing the ones which
are most suitable for their specific courses, and,
after that, filling in the empty spaces with
previously produced modules. If no suitable
modules can be found, then they will produce
them and make them available.

The courseware developer must structure its
course, looking up what he can reuse from the
Resource Bank, and create or modify the missing
entities, using the guidelines pre-defined. Then the
courseware information entities are accessed and
integrated inside the presentation template choose
and accordingly with the learning strategy to be
followed. Courseware modules are integrated, like
a jigsaw puzzle, in order to fulfii courseware
authors’ needs. It is not expected that they create
their own courseware just reusing previously
produced modules, but rather that they will
reorganize it, adapt some parts and create others.
Each information system that is worthwhile has
the same problem: it grows unchecked until it is
too hard to manage. An approach to support the
previous ideas in a community of producers
demands that it must be possible to create and
maintain a Knowledge Centre.

It must also be ensured that everybody uses
compatible technologies, and it must be
guaranteed that there are common rules,
procedures and standards. The use of databases is
inevitable, due to the expected large amounts of
information produced. These databases must
reflect the following key issues: cross-platform
access, modularity, scalability and, of course,
different access permissions. Classification and
indexing are other important problems that must
be addressed.

Multimedia courseware production requires
multidisciplinary  production teams, while
publication requires clear business models.

Copyright ownership has to be transferred, but
author rights remain with the creators. This shows
the need for adequate business models.
Furthermore, courseware delivery releases
materials that can be copied over and over again
with no quality loss because they are in digital

format. This issue can only be solved with

appropriate and secure copyright marking tools, as
well as commonly accepted copyright policies.



4. Conclusion

This position paper raise some thought inspiring

main issues that have to be addressed when
considering the design and production re-usable
courseware modules.

The authors hope that these ideas might contribute
to fruitful discussions during the workshop, as

well as possible future chances for collaboration

between workshop participants.
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Abstract

In this paper we define the framework for
developing course material to teach Computer
Graphics courses. The paper will mainly discuss
what support material is desired for effective
teaching/learning the subject rather than
implementation of a teaching tool. It lays emphasis
on three important components of the courseware,
mainly the design of course content, an
experimenter’'s workbench and an assessment tool.
The framework envisages the need for an
integrated approach to courseware development
for teaching / learning Computer Graphics. This
approach would clearly separate the role of
courseware developer from that of the delivery
person (traditional teacher). The main theme of
the paper is to develop learner-centric course
content that will depend less on the teacher and
more on the learner. Such a courseware would
support three independent perspectives. Firstly,
the developer’s or author's perspective, which
would view the course content as data or media
objects that could be easily shared, maintained
and reused in other courses. Secondly, the
learner’'s perspective, which would accord the
learner a platform-independent experimental
workbench to learn by hands-on experience.
Finally, the administrator's perspective which
would collect feedback on each learner's progress
and performance.

Keywords: Web-based education, Instructional
design, Computer graphics courseware.

1. Introduction

Computer Graphics as a discipline has matured
over the last three decades. Today many
universities teach more than one course on
Computer Graphics at different levels to students
with background in science, engineering and fine
arts. Often the objective and the pre-requisites for
each of these courses are different although there
is fair amount of overlap in its content. It is

visualized that good course material for teaching
these courses would contain high volume of
multimedia content such as visuals, animations,
audio, video and simulations besides the text.
Therefore to design the course material for
computer graphics course has always been a
challenge to both the educationist and the
technologist. Kayssi et al. have discussed similar
issues in a recent publication on the application of
web-based tutoring as applied to computer
networks courses [1].

There is no doubt that for an effective delivery of
the course, a lot of efforts go into the preparation
of course material to be used in the class room by
the instructor. The additional support material
such as student notes, laboratory assignments,
reading material and self-tests, further enhances
the quality of instructions. For a highly developed
networked infrastructure, which is available today,
it is unfortunate that each instructor has to develop
this material from scratch. It is an accepted fact
that good experienced teachers are difficult to
come by and this approach will have limited
applicability and will not scale-up.

One important aspect of any course on Computer
Graphics is experimentation. Typically the
instructor gives a series of assignments and
students solve these assignments and learn the
concept by actual implementation. The common
difficulty faced by the student during
implementation is that they have to build the
application from scratch. This can be very time
consuming and frustrating exercise.

It is also noticed that students who like
programming otherwise are some times
intimidated with matrix notation, vector algebra,
3D geometry and Calculus. Often these subjects
are taught in the first few years of college
education and by the time student opts for
computer graphics course, these concepts are
forgotten. As a result, students associate computer
graphics to mathematics and develop an
unnecessary fear for the subject. This makes it



mandatory for the instructor to review some of

these mathematical preliminaries in the class,
before proceeding to teach Computer Graphics
concepts and algorithms. Further, the approaches
taken to teach a fundamental course and an
advance course may be different. For example, in a
fundamental course on Computer Graphics, more
emphasis may be laid on data structures and
algorithms and a student may be expected to
implement these concepts from ground-zero. On
the other hand, for an advance course, the
emphasis may be more towards making use of
canned code in order to build reasonably complex
visualization programs.

2. Graphics Courseware Components

In order to create resource material to be shared
among a group of instructors and the students,
adequate measures should be taken at the design
and development stage. It is a matter of fact that
the teachers often prefer to improve upon their
own course material after each delivery of the
course. Therefore, it is important that such a
course material is highly modular in content,
reusable, easy to maintain, store and distribute.
Further it should provide the scope for the
instructor to customize it to keep the learner
motivated.

For quite some time now, a need has been felt by
the Computer Graphics community to define a
Graphics Workbench, a tool to carry out
experimentation in visualization. Such a
workbench would allow the students to experiment
with Computer Graphics concepts without having
to write a lot of additional code. It would require
to have easy to learn easy to use API that would
allow anyone to implement a graphics module that
can be designed at a higher level, independent of
any specific platform and tested on a modest
system with requirements commonly available at
work and home.

Assessment is an essential part of any training. An
assessment tool should not only collect the
statistics about usage, evaluation and progress of a
particular learner but also provide assistance to the
author to prepare questions and answers for an on-
line test.

The framework suggests that all three components
are essential to give an integrated view of the
courseware to the learner.

3. Instructional Design Strategy

The development of course content is an extremely
labor intensive and time-consuming process.
Therefore it is important that proper care is taken
at the instructional design stage so that the course
content can be easily modified and maintained.
One method to do this is to design course material
in a modular way with a hierarchical structure of
concepts and separation of course structure from
individual concepts [2]. Each concept will be an
independent entity in itself with well-defined
objectives, pre-requisites and evaluation criteria.
Course material organized in this fashion can be
modified easily without much effort. There can be
more than one structure to organize the
courseware. This will allow two learners with
different learning profiles and taking the same
course, to be presented with different learning
material. Further, it is observed that if the students
do pre-work before arriving at the training session,
the learning process then becomes proactive rather
than reactive resulting in better comprehension and
retention.

Important processes in courseware design would
involve the definition of a set of concepts. Each
concept would define the following:

e Concept objectives

¢ Any pre-requisites

« Relation to other concepts

¢ Questions & answers

e Testing material

e Trainer’'s guide

e Student’s material (pre-work)
e Classroom slides

e Lab Assignments & Solution
¢ Reading material

The courseware design team would involve a set
of subject experts, an instructional designer, a
couple of programmers, and graphic artists. It is
very important to realize that the development of

good instructional material lies much beyond the

expertise of subject experts. It definitely involves a

team effort and cross-disciplinary approach. The
required skills could be best compared to that of
web page design if not to making a film. Since

several subject experts could be involved, a
template has to be prepared in order to provide a
uniform structure for developing course content.

Such a template can also help in identifying the
properties of the content, which can be used later
for managing the content. [3]



4. Architecture

The suggested architecture for development of
courseware is based on client/server model and
would use a relational database as a central
repository for storing different media objects. The

vast popularity of the Internet and the World Wide

Web has made the Web browser as the most
consistent cross-platform solution for browsing

multimedia data. This would also provide a

common user interface to developers, learners and
administrators, a platform independent client from

any location on the Internet/Intranet. The

interactivity can be achieved through cross-

platform languages such as Java. For example, to
communicate the concept of interactive curve

design, a Java applet can be written to input the
points interactively and drawing a Bézier curve

and then displacing one of the points and

redrawing the curve. Any amount of hand waving

in a classroom cannot communicate this concept
effectively but a simple demo will do the trick.

5. Graphics Workbench

The experimentation Graphics Workbench (GW)
will basically have a visual experimentation
environment that can allow a learner to easily set
up and test customized sequences of a graphics
pipeline. It can not only help the learner to create
and edit complex geometrical models but also test
ones own module by plugging it along with other
modules pipelined in a complex data flow graph
called module network. The workbench will
perform automatic module scheduling in a module
network. This will allow the learner to modify
parameter for each module in the network,
automatically re-scheduling all modules affected
by a parameter value change. It will support rich
set of graphic file formats and have large set of
graphics modules arranged in a hierarchical library
for the fast and task oriented retrieval.

Typically a computer graphics application can be
modeled as a set of cooperating processes of three
types as shown in Figure 1.

e Input processes, responsible inputting the
geometric model into the system

e Computational processes responsible for
performing one or more graphic operations on
the geometric model

e Presentation processes and display processes,
responsible for presenting and storing the
output result.

When designing a stand-alone application, one
typically would describe the application in a top-

down fashion. The description would begin with

the overall structure of the application and would
end with a detailed description of each process
including its inputs, outputs and function. This can
help the learner to rapidly prototype an application
using the GW.

Transform

Projection

Clippin

Display

Figure 1. Data flow graph showing a
network.

6. Evaluation Tool

This tool would help the teacher and the learner to
track the progress and performance of an
individual. In addition, it would keep a statistics
about the difficulty of the question by its usage. It
will consist of set of forms and wizards that would
allow the author to create variety of objective
questions of the type:

¢ True and false questions

*  Multiple choice questions

e Match the columns

* Questions using interactive simulations
Each question and its answer are stored in the
database to form a question bank. Each time a
student wants to take the test, it would select the
question randomly form the question bank, set the
number of questions and the time. The wrong
answer to any of the question would link back to
concepts in the courseware. It may also include



hints, instructions and advise to a particular
guestion using different media types such as text,
audio or a video.

7. Conclusions

The concept paper outlines the need, objectives
and suggests an integrated approach to courseware
development for teaching / learning computer
graphics. It envisages that such a courseware
would be able to support three independent
perspectives each for the author, learner and the
administrator so that effective learning can be
monitored closely.
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