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Abstract
Now that the field of 3D computer graphics has come of age,
3D artists have sophisticated tools at their fingertips for designing
complex games, stunning effects, beautiful scenes, or to reveal
the secrets of nature. At the same time, 3D software programs are
an excellent vehicle for students to discover both science and art.
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1 Introduction
I began my career as a computer graphics artist in 1985. I created
advertising graphics for a start-up in Colorado and tested PC paint
packages for a research lab at Harvard. But although this was a
very exciting time to be in computer graphics, I found the tools to
be too limiting and decided to go to art school until they matured.
A few years later, when I was teaching painting at the University
of Michigan, I was surprised to find that many of my colleagues
viewed computer graphics with suspicion and/or disdain. Some
of their disregard no doubt had to do with academic politics.
Budget lines for painting positions were being cut for positions
in computer graphics. Accomplished professors of traditional
media were being turned down for tenure despite good exhibition
records. Aesthetics was also a problem. Much of the early computer art was stronger technically than it was artistically. At the
same time, most desktop programs only produced low-resolution
grayscale images  a far cry from the touch of a painter’s brush.
With the release of Photoshop in 1990, some of my colleagues
begin to see the possibilities of digital painting as an artistic
medium. Desktop 3D programs began to emerge, inspiring my
own return to the field in 1995. Today, sophisticated 3D software
packages provide tools for exploring the dimensions of space and
time, and new ways to manipulate form, light and movement.
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2 The Art of Teaching Science

3 The Science of Teaching Art

Scientific visualization is a field that has benefited enormously
from 3D graphics. Anatomical structures, chemical interactions,
complex dynamics and celestial mechanics can all be presented
with greater clarity when you show them from different angles.

The principles of design are applicable to all fields of art. By
combing traditional art principles with 3D computer graphics,
students of engineering, multimedia, computer graphics and
fine arts can learn to create more pleasing and effective designs.
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One of my favorite “SciVis” applications is science education.
3D animations make terrific teaching aids for bringing alive
scientific principles through classroom demonstrations. Modeling
and animating natural phenomena in 3D helps students truly
master the material and gain appreciation of nature’s design.
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In the course that I teach at the University of Upper Austria,
I combine studio art teaching methods with 3D technology.
To stimulate visual thinking, I start by showing images from
museum websites, such as the Louvre, the National Gallery of Art,
the Metropolitan Museum of Art, and the Kunsthistorisches
Museum Vienna, and online collections, such as Artchive,
Artcyclopedia, CGFA, and the Web Gallery of Art. Rather than
following historical timelines, we focus our discussion on visual
elements, such as light, space, value, composition and color.
Afterwards, the students start collecting their own galleries of art.
From the lecture hall, we move to the “atelier” where the class
proceeds like any beginning drawing course. Students loosen up
with gesture drawing and concentrate on blind contour drawings.
Using viewfinders, they draw negative space in order to develop
their compositions. Doing caricatures of their classmates usually
gets a lot of laughs. After studying straight line contour drawing,
perspective, and value scales, most students are surprised to find
how well they can render cups, apples, draperies, and each other.
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Interspersed with lessons in the atelier are long sessions in the
computer lab. The objects that were studied in line and value are
modeled in wireframe and then shaded in grayscale. I stress
composition from the beginning, so that students get in the habit
of considering the whole picture. Lighting is always a part of this
consideration. Over the years, I’ve found it helpful to give very
specific assignments, such as front, side and back lighting, and to
limit the number of lights to no more than three sources.
One of the most successful assignments over the years has been
the apple project. After drawing an apple in simple contour, blind
contour, cross contour, straight line contour, and limited values,
students usually find it easy to translate their knowledge into
highly accurate 3D models. Once created, the surface texture of
the apple comes under the microscope. Speckles, bruises, drops of
water and reflections are closely observed and fiercely attempted.
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This work incorporates “Vanitas” 1634 by Pieter Claesz,
“Lady Writing a Letter with her Maid” 1670 by Jan Vermeer,
and “Girl with a Red Hat” 1668 by Jan Vermeer
To practice their observational skills, sometimes I’ll ask students
to introduce their objects into a highly realistic still life painting,
such as a Dutch master, in order to create a digital matte painting.
By using matte/shadow materials to cast shadows and reflections
onto the objects in the scene, the students can convincingly insert
apples, cups, knives, paintings and other elements into the scene.
Another project that the students enjoy involves telling a story in
a single image. The story can be from a dream or fantasy, or
describe a concrete experience. But no matter what the content,
the work must demonstrate the application of design principles.
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