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Introduction

LN

The Educators Program is a collaborative community of
teachers who share an enthusiasm and love for education.
We use computer graphics to teach in all disciplines, at all

levels (K-12 through graduate school) and in many countries.

We exchange ideas and provide encouragement to each other

by sharing our successes and challenges.

Educators Program Committee
Jodi Giroux
The Allen-Stevenson School

Mk Haley
Walt Disney Imagineering

Chris Carey
Orange County Public Schools

For SIGGRAPH 98, the Educators
Program features an invited talk by
Randy Pausch during the opening ses-
sion: “Using Computer Graphics to
Unleash Creativity in the Classroom”
Randy Pausch is an Associate
Professor of Computer Science and
Human-Computer Interaction at
Carnegie Mellon University. He was a
National Science Foundation
Presidential Young Investigator and a
Lilly Foundation Teaching Fellow. In
1995, he spent a sabbatical with the
Walt Disney Imagineering Virtual
Reality Studio, and he currently con-
sults with Imagineering on interactive
theme park attractions.

The Electronic Schoolhouse is a new
program this year. Authors schedule
times at a computer, and attendees
stop by for informal discussions and
demonstrations of innovative software
and techniques. Software demonstra-
tions include a HyperCard stack to
teach history in middle school, an inter-
active Web site at the Science Museum
of Minnesota, an online course on
desktop publishing, and several interac-
tive CD-ROMs for teaching science.

We have an exciting collection of panel
discussions with experts in their fields.
Topics include collaborations between
industry and education, community col-
leges collaborating to teach multimedia,
and a novel approach to using technol-
ogy in the K-12 classroom. A workshop
is also offered: “Concept Development
for Computer Animators”

Papers include techniques and experi-
ences teaching science, art, history,
computer graphics, and multimedia. A
unifying theme among several of the
papers is collaboration between stu-
dents, between disciplines, and using
distance education to collaborate
across continents.

M %AAMM
Scott Grissom

Chair, Educators Program
University of lllinois at Springfield
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Desktop Publishing: An Online Distance

Learning Course

This online educational course in
Desktop Publishing: The Basics of
Design delivers course content to dis-
tance learners as a partial fulfillment of
the MFA in Computer Graphics Design
at Rochester Institute of Technology.
The course is divided into three sec-
tions: Elements of Graphic Design,
Principles of Graphic Design, and
Typography. Elements of Graphic
Design covers the use of color, line,
shape, size, space, texture, and value.
Principles of Graphic Design covers
balance, contrast, emphasis, rhythm,
and unity. The third section covers serif,
sans-serif, display, and script typefaces,
and parts of a letterform. Each section
contains lecture material, as well as
three printed examples and a small ani-
mation to visually illustrate the topic.

The course is designed to be complet-
ed in a 10-week academic quarter.
Although much of remote learning is
self-paced, a syllabus was created to
provide project due dates. There are no
tests, but there are four assignments.
Three of the four assignments are
developmental exercises arranged to
correspond with the lecture material
and are to be completed in two weeks.

The fourth assignment is a self-
initiated project that allows students to
explore their own design ideas. As a
companion to the assignments, there
are six corresponding design examples.

Projects can be turned in for grading
via postal service, the Web, or a
dedicated server where files can be
uploaded by the student and down-
loaded by the instructor. Student-to-
student and student-to-instructor
interaction is important and could be
handled in a variety of ways, from email
or whiteboards to digital audio or video
programs.

The class is designed to be software-
and hardware-independent. A lot of
graphic design is completed with pro-
grams such as QuarkXPress and
Adobe Pagemaker. Because these
software packages are very expensive,
it would be unfair to require students to
purchase them to complete their
assignments. Microsoft Word and
ClarisWorks allow students to integrate
text and graphics fairly well, so stu-
dents are not required to purchase
additional software.

Elizabeth A. Hornak
Rochester Institute of Technology
jurkowski@cis.ritedu

The Web site was designed with sensi-
tivity to the different computer plat-
forms and internet browsers. Color
choices were particularly important,
because of different operating systems,
browsers, and computer platforms dis-
play color in different ways. Colors
were chosen based on Coloring Web
Graphics, by Lynda Weinman.

The site was created with third-
generation Web-site design techniques
developed by David Siegel. Third-
generation site design uses typo-
graphic and design techniques that
allow the designer to control the
placement of the visual elements.
Invisible tables were used to give the
appearance of a two-column grid and
permit better integration of type and
image. Another technique incorporated
the use of a white or black single-pixel
gif files to create indentations and
align text and graphics.

Based on student evaluation, this
course has a lot of utility as a distance
learning class. Administering a class on
the Web mitigates the problem of time
and distance for many students.
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University and Industry Partnerships:
Creating Multimedia Solutions to Solve

Unique Industry Problems

The goal of communication is for a
message to be conveyed, comprehend-
ed, and either applied or acted upon.
The ramifications of this sequence
include not only the communication
process (information — sender —
channel — receiver), but also retention
and application of information in vari-
ous situations, which signifies that a
transfer of knowledge has successfully
occurred. Information presentation
without cognitive incorporation,
comprehension, or application is
meaningless.

Planned interactions are known to
have a very positive effect on learning
and retention. Learning theorists pro-
claim that to reach an objective it must
be practiced to help the learner cogni-
tively incorporate it. The interaction, or
“doing the objective;” helps the learner
reach the objective and recall the infor-
mation, skill, or behavior that was prac-
ticed. Similarly, retention increases
when receivers of information are able
to interact with the information, particu-
larly when the information is presented
visually. Interactive multimedia requires
internal user processing and focuses
on the needs of the user, thereby
requiring the user to actively think
about the information being presented,
make predetermined decisions, and
presumably acquire the information or
skills being presented.

Information becomes powerful,
becomes knowledge, when it gains
personal interpretation, comprehension,
meaning, retention, and use. The pur-
pose of interactive multimedia is to
personally transfer a meaning or mes-
sage from one individual to another.
Traditional information distribution has

been insufficient in this area — trans-
ferring the real message behind the
abstract letters and data through inter-
action. It is through interaction that
information is internalized and
becomes knowledge that is alive and
useful within the individual. This makes
interactive multimedia a powerful medi-
um for education and training. It is also
a very adaptive tool in marketing situa-
tions, where persuasive flair helps
change an attitude or belief.

Educators and presenters alike have
known for a long time that information
is much more readily comprehended
and assimilated when it is tailored to
the audience. In traditional media, a
linear progression from simple to com-
plex normally used to accomplish this
purpose. However, traditional communi-
cation media cannot be everything to
everyone. Writers and educators alike
must cognitively organize and structure
information according to their own con-
structs, leading the reader from what
they deem “simple” to what they deem
“complex” Therefore, books or other
devices may be too difficult or too base
for certain individuals.

Interactive multimedia, on the other
hand, provides an avenue for creation
of materials that may reduce the
author's need to assume certain char-
acteristics of the audience. Multiple
levels of depth can be provided to sat-
isfy various skill levels of students. If
the student has no background knowl-
edge, the lowest level of entry may be
used as the starting point. If some reg-
uisite knowledge already exists, the
student may begin at an intermediate
or advanced level as appropriate.
Interactive multimedia improves the
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James L. Mohler
Purdue University
jimohler@tech.purdue.edu

possibility of matching the needs of the
user with the available content, allow-
ing the communication tool to be sev-
eral things to several people.

Using this paradigm, over the past two
years the Department of Technical
Graphics at Purdue University has
been developing interactive materials
for several national and international
companies with relative success.
Products have ranged from educational
and training products to marketing CD-
ROMs. Many companies are requesting
the department’s assistance in devel-
oping multimedia- and hypermedia-
based solutions that emphasize
interaction.

Basic Fluid Power

Bethlehem Steel Corporation’s 80-inch
hot steel rolling mill training facility
wanted to integrate interactive media
into its fluid power training materials
for employees, to improve training effi-
ciency, effectiveness, and impact. As
more and more employees quickly
approached retirement, materials were
needed to pass the existing employee
knowledge base from one generation
to the next, as well as to document
newly upgraded equipment in the
Burns Harbor plant. Interactive multi-
media materials on CD-ROM were
identified as the means to ensure the
transfer of this knowledge.

CD-ROM development extended from
April 1995 to December 1996. The
immediate need was centered on edu-
cational materials that describe the
functioning and maintenance of newly
installed fluid power controls and
equipment. The first CD-ROM focused
on basic fluid power theory, to present
the underlying conceptual information.



Content developed by the School of
Technology's Mechanical Engineering
Technology department was combined
with the multimedia skills of the
Technical Graphics Department to
create the final CD-ROM.

The interactive multimedia training
project provides Bethlehem Steel
employees with multimedia-based
informational materials that include
text, sound, animation, and video to
efficiently and effectively train employ-
ees in applied fluid power. Through the
CD-ROM's graphical user interface,
users can easily access the information
and graphics, animation, and video
that document and describe the
system. Because interactivity is key

to maintaining interest, motivation, and
understanding, several of the compo-
nents include interactive exercises.

SOP Interactive

As a direct result of earlier work, the
Department of Technical Graphics was
contracted to create interactive multi-
media training materials for another
plant within the Bethlehem Steel
Corporation Burns Harbor facility. This
project focused on the plant's Standard
Operating Procedures (SOPs) and Job
Work Instructions (JWIs). The existing
training system was composed of text-
based, step-by-step instructions that
described specific processes for mill
operation and functioning, as well as
the order in which tasks were to be
performed. Using the existing system’s
content, the new training materials
included both text-based instruction
and graphical representations of the
text. Using static and dynamic graphics,
the new training system provides
instruction that is accessible to both
readers and non-readers.

The project began with a prototype of
the system, which included three
SOP's. Text from the existing database
system was extracted and story-
boarded, and technologies for visual
representation were selected: three-
dimensional animations, digital video
clips, virtual reality video clips, and
static images.

Black Cultural Center Virtual Visit

In addition to training and educational
materials for external corporations, the
department has also created several
interactive programs for various depart-
ments and organizations within Purdue
University.

As a resource for African-American
students on the Purdue campus, the
Black Cultural Center (BCC) was origi-
nally designed to provide students with
functional and meaningful linkages
with the academic components of
Purdue’s comprehensive educational
programs. The original BCC building
was a residential dwelling built in
1905. Over time, the center outgrew
that building’s confines, and plans for a
new building were created by an exter-
nal architectural firm. To help secure
funds for construction, BCC represen-
tatives needed a way to show potential
donors the new building. The depart-
ment of Technical Graphics was asked
to produce an interactive program that
could be used to market the new build-
ing before it was built.

Using three-dimensional animations,
digital video, and interactive multimedia
technology, the department created a
presentation that included a unique
graphical user interface to present
both the cultural aspects of the project
and the majestic architectural structure

that would soon house the center. The
program successfully links digital video
clips of the center's current activities
with digitally rendered scenes of the
new building, to provide a glimpse of
what the new building would look like
and how it would function. The pro-
gram also includes dynamic media
elements that show nine of the various
rooms, including a reception area, art
gallery, ornate balcony, and auditorium.
Current feedback indicates that the
product has been the biggest single
factor in the amount and number of
contributions.

Conclusions

Through various industry-university
partnerships, many students in the
Technical Graphics Department have
received real-world experience in
developing interactive multimedia
materials and media assets.
Undertaking externally and internally
funded projects provides innumerable
advantages to students. It solidifies the
education they receive through applica-
tion, regardless of the institution they
are attending. Faculty involvement in
such projects increases faculty experi-
ence and real-world concepts that are
conveyed in the classroom and has a
direct effect on the quality of education
and students.
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Moving Mountains: Using Interactive Graphics to

Teach Geography

This presentation explores the Science
Museum of Minnesota’s approach to
informal science learning by focusing
on how its classroom students and visi-
tors to one of its Web sites, The
Greatest Places Online, are developing
interactive simulations to learn geogra-
phy and sciences related to geography.
The Greatest Places Online is an edu-
cational resource that complements the
Science Museum'’s latest large-format
film on geography for Omni-theaters,
entitled The Greatest Places. The film,
which debuted in February of 1998,
features seven diverse geographical
locations: the Amazon Basin,
Greenland, Iguazu Falls in Argentina,
Madagascar, the Okavango Delta in
Botswana, and the Chang Tang plateau
of Tibet.

In Moving Mountains, attendees have
the opportunity to view several exam-
ples of multimedia projects created by
students and educators from the
museum for The Greatest Places
Online. Many of these projects are
based on construction kits whose geo-
graphical settings come from the seven
places featured in the Greatest Places
film. They are created using the award-
winning and innovative authoring soft-
ware for kids, MicroWorlds (from LCSI),
where graphics, video, and sound can
be brought together interactively
through a simplified version of the
LOGO programming language.
Completed projects can be viewed
through a free player that can be
downloaded from the Greatest Places
Web site; there is also a beta version
plug-in available to view games directly
from the Internet.

We believe the interactive graphics
approach demonstrated through The
Greatest Places Online could prove
effective in classroom and home
settings as well. For example, to help
students understand weather systems,

a geography teacher might want to
teach iceberg formation as a tie-in to
the Greatest Places film. After visiting
the Greatest Places Online, this
teacher, whose institution already owns
MicroWorlds, might suggest class inter-
activity to help in understanding how
an iceberg is formed. Students could
download a basic MicroWorlds kit from
the Web site, which includes a back-
ground and several “costumes” that
can be attached to moveable turtles
(sprites) on the screen. A variable slid-
er that changes temperature or snow-
fall directly affects whether an iceberg
separates from the larger ice mass.
Once the iceberg separates, the move-
ment is animated. Several icebergs can
be calved and moving on the screen at
the same time. When they hit each
other, they bounce away. Time might
also be a variable, where the iceberg
slowly melts. This process can also be
animated.

The educational benefit of this experi-
ence is broad. Students learn more
about a geographical process. They
use logic to create the variables and
artistic ability to create the graphical
elements. And because of the time it
takes to create the project, they are
more likely to let the concepts sink in
and share their understanding with others.

There are plans to have an educator
from the museum travel to schools and
museums to assist educators in using
these resources. A collaboration is
already underway between the Science
Museum of Minnesota and the
Carnegie Science Center in Pittsburgh.

The Learning Technologies Center (for-
merly the Youth Computer Center) at
the Science Museum has been teach-
ing informal science classes incorpo-
rating interactive graphics since 1994.
For the past four years, children and
teenagers aged eight through 18 have
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Joshua E. Seaver
Special Projects Web Developer
Learning Technologies

been developing their own interactive
programs as a way to learn concepts
and skills in both science and art in our
computer classrooms. In this process,
students are asked to assemble flow-
charts, storyboards, and sketches to
prepare for coordination of graphics,
sound, and programming. Students are
trusted to come up with their own plots
and puzzles, with themes given only for
inspiration.

We have found that students are excited
to come up with an original idea and
map out how to complete it. We have
also found that immersion in program-
ming gets them beyond the desire

to passively surf the Internet and
engrosses them in a constructive
computer activity that helps them
understand logic, as well as design
composition, in a fun environment.
They are often enthusiastic about
offering their own interactive games
and animations for public viewing and
for distribution to friends and family.

This process is a rich intellectual
challenge and whole-brain experience,
as students are stimulated to use both
logic and creativity. Students come
away with both a sense of accomplish-
ment and a concrete example of their
individual approach to problem solving.
Encouragement to develop creative
solutions that do not include violence,
unless it is an expression of personal
experience, has given birth to some
insight and innovation in students as well.

Finally, the finished projects, being digital,
have been copied and distributed via

a Web plug-in, or via a player that
does not require owning the program.
This allows students to express their
experiences and share their knowl-
edge, which often prompts them to
devote more time and attention to

their projects.



Science Museum of Minnesota
30 East 10th Street
St. Paul, Minnesota 55101 USA

We believe our approach has been
successful for these reasons: students
are eager to return to class, often
reluctant to leave at the end of day;
parents report that students are talking
about their projects enthusiastically at
home; parents ask how to purchase
the software used. MicroWorlds, used
in this demonstration, is perhaps the
most widely requested software in our
four years of classroom teaching.

Visitors to this presentation are wel-
come to discuss our museum's experi-
ences with such topics as helping stu-

+1.612.221.2523
+1.612.221-528 fax
joshuas@smm.org

dents to become self-motivating and
self-organizing, techniques in program-
ming logic, and final distribution alter-
natives. Participants are also welcome
to share their own experiences with
programming and graphics in an edu-
cational setting and discuss what the
future may hold for interactivity in their
classrooms.

Participants will hopefully come away
with a greater understanding of, or
renewed enthusiasm for, the possibili-
ties and rewards of empowering stu-
dents with the vocabulary of interactive

graphics, as well as some additional
knowledge of how to make this a reality
in their own classrooms and homes.

The Greatest Places Online:
Www.greatestplaces.org

The Science Museum of Minnesota:
www.smm.org

Science Museum of Minnesota’s
Learning Technologies Center:

www.smm.org/It
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Zoom Into the Past: lllustrating History

in Middle School

This is an adaptable, digital, interdisci-
plinary, culminating activity to the study
of an historical period, in which stu-
dents create a short, multimedia pro-
duction that appears to zoom into an
architectural structure of that era to a
close-up of an object inside.

Sample Lesson Plan

Create A Colonial Architecture
HyperCard Stack

Suggested grade level: 8

Objectives:

National Art Education Standards of
Art: Students understand and apply
media techniques and processes.
Students understand the visual arts as
a basic aspect of history.

Maryland Art Education Goal: Students
develop an ability to organize knowl-
edge and ideas for expression in the
production of art. Students reveal an
awareness of structures and decor
made of regional material, customs,
and inventions in colonial America.

MCPS Social Studies Objective:
Students trace the evolution of the
colonies up to 1763.

Materials: HyperCard 1.0, 29 Mac
LClII's, a VCR, TV monitor, cables,
LTVPro video out card, a Laserwriter
Pro printer, HD floppy disks, video tape,
and teacher-created worksheets for
storyboards, sharing records, and self
evaluations.

Pre-assessment: Students had learned
Hypercard technology and participated
in field trips to colonial Annapolis and
St. Mary's, Maryland.

Opening Set: [Day 1]

Students analyzed and discussed com-
mercial slides of Colonial
Williamsburg's exterior and interior
architecture, tools, and decor of:

the candle makers’, gunsmith shop,
musical instrument shop,
cabinetmakers', printing and post office,
bookbinder, basket weaver,

windmill, apothecary, millinery, wheel-
wright, cooper shop, music teacher's
shop, spinning and weaving, peruke
maker, and Raleigh Tavern Bakery.

Project Design: [Day 2]

The instructor modeled creation of a
sample, zoom in HyperCard stack and
displayed the storyboard for it.
Students sketched storyboards for their
own colonial stacks.

Production: [Days 3-5]

Students created: on card 1, a name or
title; on card 2, the exterior of a colo-
nial public building; on card 3, an interi-
or room of this public building; and on
card 4, an extreme close-up of one
object visible in card 3. Students creat-
ed and placed navigational buttons that
move “to next card” with a chosen visu-
al effect on appropriate cards. Optional:
students created more cards and direc-
tional buttons as motivated. Students
printed storyboards. Students recorded
stacks on VHS tape. Other options that
require more time, which we did not do:
Students record and place audio but-
tons on cards 2-4. Students record
colonial music on a cassette tape and
edit the music tape to the video tape.
Students compose original music char-
acteristic of the colonial period on a
keyboard and record on a cassette
tape to edit to the video tape.
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Synthesis and Conclusion: [Day 6]
Students viewed and shared completed
stacks in pairs or teams. During shar-
ing, viewers related and recorded what
they liked best about each stack.

Assessment and Evaluation: [Day 7]
Student recorded self-evaluations of
their own projects, including: a descrip-
tion of the stack, the process of creat-
ing the stack, an expression of feelings
about the finished stack, speculation as
to what other things could have been
included or improved, given more time.
Storyboard sketches, stacks, and
records made during sharing and self-
evaluations may be used to determine
the success of the lesson and plan
future lessons relating to this one.

Alternatives to students creating
Hypercard stacks include creating
HyperStudio stacks; slide presentations
in Kid Pix, Claris Impact, Microsoft
Power Point, or Astound; or interactive
Web pages in HTML, Claris Home
Page, Adobe Page Mill, or Microsoft
Front Page. Alternative images to stu-
dents creating original drawings: import
digital photos, scanned still prints, or
digitized video taken of exteriors, interi-
ors, and objects while on the field trip;
import copied Web images, scanned
text images, or copied electronic
images from CD's with appropriate
footnote and bibliographic citations.



Sample illustration by eighth grade
student Erin Hallen.
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Collaborations in Higher Education

How can art and design institutions
bridge the gap between the academic
environment and the “real world?” How
can these institutions have an active
role in the community at large? How
can technology be used to facilitate
collaborative projects in higher educa-
tion? What are the promises and perils
of integrating art and technology for
collective action?

Innovative educators from several disci-
plines, including media and sound arts,
architecture, and performance/installa-
tion discuss successful collaborations
between students and cultural institu-
tions, industry, other schools, and
professional artists. Among the arts
and education projects discussed: a
student-designed virtual tour of a
museum, a design collaboration that is
taking place on the Web and in a city
subway system, a collaborative-
architecture design studio, and collabo-
rations with Sun Microsystems, NASA,
and internationally renowned artists
including Robert Ashley, Jenny Holzer,
and Guillermo Gomez-Pena.

The World Wide Web as a Medium for
Improving Student Collaborative Learning
Thomas Fowler

Thomas Fowler has served as director
of minority educational affairs at
Cornell University and worked profes-
sionally as a designer for Davis Brody
and Associates Architects in New York
City and Hartman & Cox Architects in
Washington, DC. He has authored
several papers, including: “The World
Wide Web as New Models for
Capturing the Design Process’
“Collaborative Learning Using
Technology: Issues and Approaches
and “The Role of African-Americans in
the Social & Built Environment” He has
served as chair for two senior project
committees and has served on 15
masters committees. In addition, he is a
member of the American Institute of
Architects, a design reviewer for Web
Course in a Box (a software applica-
tion), and an active participant in
Educom’s National Learning
Instructional Initiative and Partners for
Distributed Learning (Member of
Standards for Indexing And Searching
Large Digital Data Set Committee).
He has collaborated with Sun
Microsystems and NASA

A misconception of the Web is that it is
a medium (Turkle, “Life On The
Screen”) that has revolutionized teach-
ing and is most effective when used as
a communication mechanism between
the “learner and the teacher” (where
the teacher and learner are in separate
locations). Revolutionary aspects of the
Web have more to do with changing
the way students learn (as opposed to
teaching). There are also pedagogical
issues that should be addressed
regarding the vision of how content
should be configured for the Web envi-
ronments to provide the most stimulat-
ing frame for student collaborative
learning.
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Regardless of the teacher-to-learner
relationship, well-conceived content for
the Web medium should:

» Capture the process of learning.

» Provide an inclusive environment for
all students’ voices to be heard.

+ Create an environment for
continuous dialogue.

« Establish a learning environment that
evolves based on the “living and
breathing” information from learners

» Develop content that is structured to
adhere to medium framework rules
of thumb: fast (pages between 30-
50 kb), fluid (clear interface), friendly
(graphic balance), fun (some relief
from content).

Two diverse examples of Web content
configuration are:

1 Development of a Collaborative
Interactive Design Studio (CIDS,
suntzu.larc.calpoly.edu/cids/)
to supplement the in-person
classroom student learning for a
third-year architecture design studio.

2 Development of a Web distance-
education course, where the Web
medium is the only linkage between
“teachers to learners” and “learners
to learners’

The Web is exposed to the students as
a medium to use in the design process.
The Web pages become the meeting
place where students, and others from
outside the classroom collaborate and
provide reactions to work in progress.
Web page templates are provided to
students to allow for easy configuration
of design projects. Web tools provided
help students capture project critiques.



Panelists
Mary Murphy
The Chicago Cultural Center

Silicon Graphics Indy Computers pro-
vide the means to generate VRML
interactive computer models (online
interaction and feedback during the
developmental stages), and Power PCs
provide graphic manipulation software
for Web page configuration. Multiple
venues of discussion (on-line reading
analysis, critiques, weekly journals),
provide a wonderful stimulus to class-
room sessions.

The ideas for design studio projects
evolve out of working with different
groups of students each quarter, and
each quarter builds on the previous
quarter's acquired archive of informa-
tion. Projects often include both a Web
presence and a parallel analog mode
(physical models, drawings, etc.). These
two medium extremes complement
each other to provide students a
diverse range of “other ways of seeing
the design process. Due to California
Polytechnic State University, San Luis
Obispo’s isolation (four hours from
both San Francisco and Los Angeles),

n

Neil B. Rolnick and Branda Miller
Rensselaer Polytechnic Institute

Thomas Fowler, IV
California Polytechnic State University

standard professional collaborations
are difficult. The Web allows invited and
uninvited participation from outside the
university in discussions and critiques.
Early collaborations with NASA and
Sun Microsystems are providing addi-
tional tools to make online exchanges
more interactive.

Effective use of the Web to improve
collaborations is not a panacea for

improving collaborative learning. Having
a broader vision of the relationship
between this medium and configured
content is important to simulate learn-
ing. The Web does allow for introduc-
tion of real-world issues in a “living and
breathing” manner into the academic
learning environment. Students in the
classroom start to understand that the
world outside of the classroom is not
constrained by the structure of a syl-
labus. And students connected via the
Web understand that there are effec-
tive means of communicating that don't
require in-person discussion.
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Info-Myths and Dreams: Art, Technology,
and Collective Action
Branda Miller and Neil Rolnick

An internationally recognized video
artist, educator and media activist,
Branda Miller focuses on the relation-
ship among art, technology and com-
munity, and experiments with media to
support independent voices, explore
new visions, and stimulate critical per-
spectives. Miller's media art works have
been screened at festivals, museums.
and exhibitions; broadcast nationally
and internationally; and used extensively
in community organizing and education.

Professor Miller is recognized for her
development of media literacy and
community education projects using
electronic arts and media production.
For the past four summers, she has led
workshops for the Five College
Institute for Media Literacy. She has
collaborated with several community
and youth groups around the country in
empowerment video workshops, includ-
ing the award-winning “We Have the
Force “The Birth of a Candy Bar
“talkin’ ‘bout droppin’ out!!!” and
“What's Up?” She is also co-editor of
the manual TV EYE: Media Analysis
and Independent Production, distrib-
uted by Boston Film Video Foundation.
Her media activist projects include
producing/editing “Art of the State/
State of the Art?" “National Arts
Emergency’ and “Cori: A Struggle

for Life” She developed free distribu-
tion, with accompanying curricular
support, as part of the design for using
media art as an educational tool for
community empowerment.

Neil Rolnick has been active as a com-
poser and performer of computer
music since the late 1970s. He per-
forms on a portable computer music
system and concertizes regularly in a
wide variety of contexts throughout
North America and Europe. He has

appeared as featured soloist with
ensembles such as Dogs of Desire,
The California E.AAR. Unit, Relache,
Gerard Schwarz's Music Today
Ensemble, Musical Elements, Gamelan
Son of Lion, and the Albany Symphony
Orchestra. Current compositional pro-
jects include an evening of music for
voices and amplified chamber orches-
tra for Dogs of Desire, which is to be
recorded and released by Albany
Records in late 1997, a series of

new works for improvising chamber
ensemble; and a series of new solo
performance pieces.

Rolnick studied musical composition
with Darius Milhaud at the Aspen
Music School, with John Adams and
Andrew Imbrie at the San Francisco
Conservatory, and with Richard
Felciano and Olly Wilson at the
University of California at Berkeley,
where he earned a PhD in musical
composition in 1980. He studied com-
puter music at Stanford University with
John Chowning and James A. Moorer,
and worked as a researcher at IRCAM
in Paris from 1977 to 1979. At
Rensselaer Polytechnic Institute,
Rolnick has directed creation of a
unique Master of Fine Arts program in
electronic arts, which focuses on a truly
integrated approach to time-based art
and performance with the electronic
media.

Art practice, integrally connected to
cultural and social action and experi-
ence, is the creative avenue for critical
awareness, independent and collective
action. It lets us reflect upon the possi-
bilities of our bodies, communities, and
the space we exist in, and explore our
relationship to history and time.
Computer technologies have produced
revolutionary change in the way we
experience our bodies in space and in
time, construct our identities, and con-
nect to the world outside our horizon.
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With digitized fluidity, image, sound and
text are woven into hybrid fantasies.

The iIEAR Studios, always committed to
hybrid art-making in the advanced
technological landscape of Rensselaer
Polytechnic Institute, has produced
many collaborative projects that offer
aesthetically and critically challenging
models for bringing together art and
technology, education and community.
These projects explore new possibili-
ties in diverse forms of electronic
media, while examining the political and
social manifestations of these explosive
technological accomplishments.

How does the computer promise to
offer more information? How is that
information constructed and delivered?
Who has the power not only of trans-
mission but of real “mass” distribution?
How are we educated as the receivers
of that information to critically analyze
and apply this information to meet

our needs, not only as consumers but
as empowered citizens, artists, and
dreamers?

We refer to a range of works, including
iIEAR collaborations with internationally
renowned artists including Robert
Ashley, Jenny Holzer, Guillermo
Gomez-Pena, Alvin Lucier, Muntadas,
Tony Oursler, Pauline Oliveros and lone;
public arts events and arts and educa-
tion projects located in the historic
“birthplace of the Industrial Revolution”
in Troy, New York; and multimedia per-
formances and innovative experimenta-
tion with interactivity, as we share and
critique the “Info-Myths and Dreams” of
the Computer Age, and promises and
perils of integrating art and technology
for collective action.



The Great Chicago Cultural Center
Adventure: An Interactive Tour of the
Cultural Center

Andrea Polli and Mary Murphy

Andrea Polli is an electronic media
installation and performance artist
who creates public performances and
installations with aural and visual
components. Her live system for
musical improvisation between a
human performer and a computer
was presented at the Mathematical
Association of America/American
Mathematical Society Joint Conference
at the Ferienkurze fiir Neue Musik in
Darmstadt, Germany. She has recently
received a Chicago Artist's Assistance
grant for her current work, “Virtual
Space and the Construction of
Memory published in Leonardo, April
1998, and presented at the 1998
Imagina Conference in Monaco.

She has worked internationally in per-
formance projects, most recently with
the artists’ groups SEL (Super Ex
Libris) and WALK, on a large-scale
installation and performance project in
a 200-year-old observatory in Vilnius,
Lithuania. As a member of Artemisia
Gallery, she has organized several
national and international exhibitions:
Ada, a celebration of women interactive
artists, and Meme Me: Identity in the
Replication Age, a project in conjunc-
tion with ISEA97 (the International
Symposium of Electronic Art). She is a
paper reviewer for the SIGCHI confer-
ence and a member of the American
Institute of Graphic Artists and the
American Center for Design.

As chair of the Robert Morris College
Institute of Art and Design, Polli has
helped to develop innovative curriculum
for electronic art. She has created col-
laborative environments for students,
faculty, and artists both in and out of
the lab. Her most successful collabora-
tions include The Great Chicago

Cultural Center Adventure, an interac-
tive CD-ROM created by students of
Robert Morris College with the Chicago
Cultural Center, and Live live! a public
art project with RMC students, The
Museum of Contemporary Art, and the
Chicago Transit Authority
(www2.rmcil.edu/live).

Mary Murphy is the education director
of the Chicago Cultural Center, one of
the most diverse and innovative cen-
ters for the arts in Chicago. The center
presents hundreds of free public
events each year. The education
department serves the entire Chicago
Public School system, as well as hun-
dreds of private schools in the Chicago
area. It is well known for its cutting-

edge ideas and programs. Murphy is
also an active freelance arts writer and
teacher who has taught at the School
of the Art Institute of Chicago, and she
is a board member of Randolph Street
Gallery.

In February 1997, the Robert Morris
College Design Institute and the
Chicago Cultural Center Educational
Department began a city-wide educa-
tional project utilizing interactive tech-
nology. The RMC Design Institute has
three areas of concentration: Graphic
Art, Computer Aided Drafting, and
Multimedia and Computer Imaging. The
focused study of the Multimedia and
Computer Imaging concentration
guides exploration into every aspect of
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the process of designing for interactive
multimedia. Students participate in ini-
tial planning and research, identifying
the target group(s) for the specific
project, and creating storyboards and
flow-charts of interactivity, which are
reviewed and revised based on design
requirements and aesthetic concerns.
In the lab, students then create the
interactive work in design teams.

After a model of the project is created,
the students participate in user-testing
research. The model-testing project is
essential to give students a full under-
standing of the multimedia design
process and to assure the effective-
ness of the finished product. It is dur-
ing the testing process that students
explore design theory and practice. The
Design Institute also hopes that follow-
on research will help to further the
study of interaction design as a new
design discipline.

A team of two instructors in the Design
Department selected a class of 15
RMC Multimedia and Computer
Imaging Associate Degree students to
participate in The Great Chicago
Cultural Center Adventure, a collabora-
tive design learning and production
process. Working closely with Mary
Murphy of the Cultural Center's
Education Department before the pro-
ject began, they defined the goals,
basic content, and parameters of the
project. The project quickly grew. An
RMC Computer-Aided Drafting instruc-
tor brought students into the project to
help with planning and publicity. A
video instructor created a video docu-
mentary of the Chicago Cultural
Center, and the graphic art area
designed print material for the project.

14 Educators Program Conference Abstracts and Applications



Project Overview and Goal

Produce an interactive computer appli-
cation that can be written to a CD-
ROM, which will serve as an introduc-
tion for school children to the Chicago
Cultural Center. The final goal is a
CD-ROM that will increase students’
enjoyment and appreciation of the
history and architecture of the Chicago
Cultural Center and the role it plays in
the cultural life of Chicago.

Much of the information is based on
the existing curriculum tool developed
by the Education Department. The nar-
rative focuses on three teenagers who
sneak into the Cultural Center. Each
character represents one of three main
sections of the CD-ROM:

1 Knowledge, which focuses on the
half of the Cultural Center that was
originally built to house the Chicago
Public Library. Topics include literary
history, the Chicago Public Library,
and the different things the space
has been used for in the past 100
years, including current cultural activ-
ities. The navigational structure of
this section is based on the experi-
ence of being in a library: pulling
books off a shelf, turning pages, etc.

2 Conflict, which focuses on the half of
the center built as the Grand Army
of the Republic’s Civil War Memorial.
Topics include Civil War history and
the changing uses of that side of the
building. The navigational structure
of this section is centered around
two main ideas: place and personality.

3 Structure, which focuses on the
architectural history and details of
the entire building. Topics include
architectural terms and styles found
in the building, construction and
renovation, and historic proposals for
alternate uses of the building. The
navigational structure of this section
uses spatial and temporal navigation
via an elevator/time machine.

Each of the three main sections
contains several activities, including
animated sequences and interactive
games or stories. The completed
prototype was tested with sixth- to
12th-grade students to evaluate the
effectiveness of the content and
structure of the guide.
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Reading, Writing, Reload: New Three Rs
for a New Millennium

Somewhere between pariah and
panacea lies the fact that, when used
strategically and creatively, interactive
media can be an invaluable tool for
instigating thinking, investigation, and
creation. This panel explores the oppor-
tunities and myriad uses online and
interactive media provide educators,
students, and parents. Topics include:
designing and using graphic media to
maximize its educational potential,
exploiting online interfaces to shape
thinking and spur constructivist
curricula, using multimedia to facilitate
“sneaky learning,’” the importance of
promoting media literacy, and encour-
aging girls to use technology.

Context, Hypertext, What Next?
Sarah Feldman

Much of the discussion surrounding

classroom use of multimedia and the
World Wide Web focuses on issues of

availability. While access to resources is

undeniably important, assessing their
value is just as critical. Too often the
question “Are we using technology and
media in the classroom?” overwhelms
our investigations into “HOW are we
using technology and media in the
classroom?”

As National Project Director for WNET
in New York City, | work with teachers
and media professionals across the
country on the strategic use of visual
media and technologies in the class-
room. For nine years, our National
Teacher Training Institute for Math,
Science and Technology (NTTI) has
provided thousands of educators with
the vision and techniques needed to
integrate a range of media into their
curricula. I'd like to share our strategies
for maximizing online and multimedia’s
creative and instructional possibilities.

Specific strategies include how
educators can:

« Instigate media literacy activities in
classrooms, teaching children how to
filter and evaluate information for
accuracy, priority, and relevance.

* Add depth and context to curricula.
While new media are (theoretically)
inherently interactive, educators,
users, and authors can look at ways
in which content can be better
contextualized and expanded —
maybe even understood — through
hypertextual media.

 Shift the way students grapple with
information. The inherently conjunc-
tive role of hypertextual environments
presents whole new possibilities for
researching, perceiving, synthesizing,
and communicating information.
Where once information was organized
in linear or encyclopedic formats,

16 Educators Program Conference Abstracts and Applications

Organizer

Sarah Feldman
Thirteen/WNET

now information is often presented
and understood by way of its con-
nection to other information.
Educators can maximize hypertext's
power to bring multifarious elements
together with a more comprehensive,
deeper sense of the associative and
interdependent world of ideas.

As we look toward more student-
centric and technology-enhanced
classrooms, it's important that
educators (content developers)
examine interactive media’s unique
capacity to help transform how we
learn, communicate, and think.



Panelists

Henry Bar-Levav
OVEN Digital

Design for Education
Henry Bar-Levav

Designing interactive educational
media involves weighing two priorities
that frequently appear to be in conflict:
ease of use versus short attention
spans. In other words, building a Web
site that is easily navigated and under-
stood is often overshadowed by the
need to feature “fun” bells and whistles
to keep children’s attention on the
learning tasks at hand.

Designing for education means think-
ing about learning — as a process — in
a new way. | believe that quality infor-
mation and interface design instruct
users on several levels as they proceed
through the product. Web-based learn-
ing programs, whatever the subject
matter, can simultaneously teach
organizational skills, since as students
learn to navigate the product they are
developing an intuitive sense of its
organization.

| feel strongly that, in the “digital age,
we must cultivate a design-sensitive
culture as part of the emerging multi-
disciplinary curriculum. We all agree
that students should have some under-
standing of the basic scientific princi-
ples of the world they inhabit, such as
gravity, the composition of matter, and
the water cycle. | believe they also
need to have basic knowledge of
design issues in the world around
them, not merely in terms of aesthetics,
but more significantly in terms of
“design” in a deeper, structural sense,
as a system of organization. Interactive
learning programs, when designed with
these factors in mind, can be a primary
vehicle for conveying this important
general knowledge.

Anthony Chapman
Thirteen/WNET

Bridging the Gap Between Games and
Education
Anthony Chapman

* How many more animated films can
be recycled into educational titles for
kids?

» Making dresses for Barbie using a
color printer has proven to be
commercially viable, but what is it
teaching the next generation of
women?

» What does the future hold for
children who need to ask mommy
and daddy for new retinas for
Christmas because the VR version of
DOOM has fried their old ones?

In my opinion, the state of kid's soft-
ware titles, especially educational titles,
is at a low point. Why not just watch
TV? Where are the new products that
utilize the potential of today's tech-
nology? In the past two years, I've
worked with educators, children’s
writers, and software publishers devel-
oping and producing two projects that |
hope will shed some light on the topic
of “sneaky learning” | would also like to
explore new ways to help software find
its way into children’s rooms at home
and in schools.

New software products could bridge
the gap between games and education.
It's important that educators and devel-
opers be aware of software that is cur-
rently available and being used in
schools, current statistics on the level
of technology in schools, and plans for
making better use of technology in the
classroom.

Aliza Sherman
Cybergrrl Internet Media

The Importance of Gender Equity in
Multimedia Instruction and Production
Aliza Sherman

When girls reach puberty, their use of
and interest in technology often wanes
as boys become more aggressive with
computer or technical equipment.
Teachers need to be better equipped to
insure that girls are not left behind as
these changes occur. Parents also
need to become better educated about
ways to encourage their daughters to
use technology and computers.

Luckily, a wave of new Web sites for
teenaged girls is appearing, giving girls
a voice and community via the Internet.
Teachers need to integrate the Internet,
particularly girl-specific resources, into
their curricula to help encourage girls
to embrace technology. Engaging girls
in technical activities as early as possi-
ble will help position computers and
technology courses as more interesting
and accessible. Since women comprise
less than half of the student enrollment
in the computer sciences, it is impor-
tant to find innovative ways to encour-
age girls to pursue more technical cur-
ricula and careers.
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P.LU.N.G.E into School

PLUN.GE. (Practical Learning Utilizing
New Gadgets in Education) is one part
of a comprehensive research agenda
at the K-12 developmental research
school on the campus of Florida State
University. The school's mission
includes research, dissemination, and
service, in addition to meeting the edu-
cational needs of its 1,128 students.

PL.UN.GE. began as an initiative to
integrate technology into the middle-
and high-school curricula. The idea was
to introduce middle-school students to
the skills required to produce multime-
dia projects so they could “show what
they know™

In addition to senior projects, students
were required to develop a portfolio
of the works that best reflected what
they learned. Traditional portfolios are
increasingly cumbersome — difficult
to manage and replicate. So the
school developed electronic portfolio
assessments.

When student work is saved on an
electronic storage medium, portfolios
are easier to manage. Objects can be
added and deleted, stored and dupli-
cated, very quickly and efficiently. When
they apply for employment or admis-
sion to institutions of higher learning,
students can copy their portfolios and
send them as part of their application

Organizer

Karl Hook
Florida State University School

packets. Unlike “paper and pencil”
applications, electronic portfolios
allow students to send recorded
sounds, images, and movies that
provide reviewers more insight on
the applicant.

The key to PL.UN.GE. is not the prod-
uct, but the process. As they developed
strategies for showing what they know,
students became more familiar with the
technology. More importantly, they
increased their school-to-work skills:
planning, problem solving, flexible
thinking, working independently and
collaboratively, and critical thinking.

In order for the PL.UN.G.E. concept to
be fully realized, technology can not be
isolated. Computers and other elec-
tronic tools cannot be limited to special
elective courses or used solely for
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Panelists

Debi Barrett-Hayes
David Godwin

Marleni Young

Florida State University School

remediation, enhancement, or as a
reward for those who finish first.
Technology must be integrated into
the curriculum, not to replace, but
enhance, the activities taking place in
the classroom.

PLUN.GE. is based on the premise
that:

 Learning should be for a purpose
(practical). What is learned should be
connected to a real-world situation.

 Students should be encouraged to
explore and try new ideas, and to
take risks and challenge themselves.
Through disequilibrium, learning is
achieved.

* The learner should use the technology.
When they are immersed in the tech-



nology, students are better able to
identify its strengths and weaknesses.

 Educational institutions should be
ahead of the private sector in applying
state-of-the-art technology. In order
to facilitate this, students should be
placed in externships that introduce
them to the latest techniques.

» Technology should not divert the
learner from the basics.

* Learning should take place in the
context of an educational environ-
ment that is innovative, substantial,
and supportive.

History

During the summer of 1994,
PL.UN.G.E. was initiated to field test
techniques for implementing electronic
portfolio assessments. Twenty-eight
students worked in teams of four to
develop multimedia projects focusing
on social issues pertinent to them
(censorship, teenage pregnancy, teen
suicide, etc.).

In the 1994-95 academic year, all
eighth grade students at the Florida
State University School were enrolled
in a course that combined art with
computer technology. The purpose of
the course was to teach the students
how to use the technology so that they
could “show what they know” in their
science classes and later use their
skills in their high school classes as
the school embarked on alternative
assessment projects.

The multimedia class was such a suc-
cess that the students began request-
ing it at the high school level. Since the
additional course offerings did not fit
the schedule, the classes were sched-
uled for the summers.

Through the PLU.N.G.E. project, the
Florida State University School has

P.L.UN.G.E.
www.fsus.fsu.edu/~plunge

increased its use of multimedia as a
tool. The students have produced sev-
eral multimedia products for local and
state non-profit agencies and have
produced public service announce-
ments for the local cable network.

Most recently, the PLUN.G.E. team
has been collaborating with the
National High Magnetic Field
Laboratory (Magnet Lab) on a number
of projects, including STAR TREE and
MagLab: Alpha.

During the summer of 1996, the
PL.UN.G.E. students worked with

the Department of Education’'s STAR
TREE (Science Teacher And
Researchers Translating Research
Experiences into Educational
Experiences) at the Magnet Lab. The
purpose of this project was to produce

MagLab: Alpha
k12 magnet.fsu.edu

middle-school curriculum materials on
magnetism. The students assisted in
production of the graphics for the
publication and produced “Magnets,
Medicine, and Me;" the first of an
eventual series of videos on magnetism

called the “Many Adventures of Lloyd”

In 1997, the PL.UN.G.E. Team collabo-
rated with the Magnet Lab on MagLab:
Alpha. PL.UN.G.E. students produced
all of the graphics for the “Alpha Guide”
and did all of the scripting,
programming, and design for the Alpha
Interface, a multimedia CD-ROM.
MagLab: Alpha is being distributed
statewide through the Florida
Department of Education’s Area
Centers for Educational Excellence
(ACEE) and will soon be distributed
nationally.
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The PLU.N.GE. project has also ed to
student opportunities in higher educa-
tion and career preparation. Many
PL.UN.GE. participants have been
placed immediately in highly skilled
positions, even as they continue their
education, fulfilling our “school-to-work”
initiative.

Although the PLU.N.G.E. team has
worked on numerous projects, this is
our most recent accomplishment, and it
has the greatest potential for impacting
education, so it has become the focus
of our attention. In addition, we are
hoping PL.UN.G.E. will become the
basis for future endeavors. For those
reasons, we have adopted a pseudo-
nym: The Alpha Team.

Alpha Team member David

Through PL.UN.G.E. and working on
MagLab: Alpha, | have been able to
learn many new things and use some
of the latest graphics and computer
technology. Working on MagLab: Alpha
helped to further my knowledge and
interest in high-end computer graphics
technology. The kinds of resources
available to me through the PLUN.G.E.
team would not be accessible through
a normal classroom setting.

| was given a lot of responsibility for
completing my part of MagLab: Alpha.
This gave me a feeling of working on a
job, rather than a school project. In this
project, like on a job, the better work
produced, the more responsibility given.

Through working with PLUN.G.E,, |
have learned a lot about science,
computers, and graphic design, which |
might not otherwise learn or even
experience.

Alpha Team member Marleni

| feel that PL.U.N.G.E. was a very
essential part of my learning experi-
ence. Due to the high standards
demonstrated by the PLUN.G.E. Team,
we were able to collaborate with the
National High Magnetic Field
Laboratory. This gave us the opportuni-
ty to acquire new skills and knowledge
while working on a practical project.
The end result would be a real product
to be used in schools by middle school
students.
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This “work-like” opportunity allowed us
to work in a lab with a wide range of
technology. It was a lot easier to learn
to work and run new programs that
required a lot of RAM at the Magnet
Lab. If we had been in a regular tech-
nology lab, the computers would not
have had enough memory to run half
the programs we needed. With so
many more options at our fingertips, it
was easy to have an excellent product.
The group could focus on what we
wanted the product to do instead of
dealing with hardware limitations.



Also, there wasn't just one teacher or
administrator we could get help from.
When we needed information, there
were multiple scientists and other peo-
ple who could give us a first-hand look
at whatever it was we needed. We also
learned to use the expertise of our
peers. We found that many times the
students could find the solution to the
problem and help the adults.

It was exciting to know that the work
that we were doing as part of a class
assignment would be turned into a tool
for middle school students to learn
from. We all wanted to make sure the
work we did was as perfect as possi-
ble, because our names would be on
the final product. We all made sure to
put the extra effort to ensure the high-
est quality product possible.

The entire experience involved a cre-
ative process. We would work on a por-
tion of the project or try a new idea
and then demonstrate it and discuss it
with the team. We were always stop-
ping to review, reflect and edit, or start
over, if necessary. We critiqued each
other's work and sought out other
options. Also, our work depended on
real-world feasibilities, such as what an
average school could spend to acquire
this product.

After we finished working for class
credit, some of us were asked to return
to work for pay. This has thus led to
some of us getting jobs after the
summer was over.

| feel that my influence in the group
was just as important as anyone else.
We were all part of the team, and we
each contributed something unique to

the project. That has also carried over
into the new school year, and we still
consider each other members of the team.

| was responsible for the Translator, a
section that listed terms, and gave their
definition. In some cases, we also
included diagrams or videos to better
explain the terms. | was then responsi-
ble for the layout of the exploration
section, which gave a supplementary
view to that of the Alpha Guidebook. |
was also responsible for completing
the section on the Alpha Team
Members. In this section, | used the
animal characters and explained their
relationship to magnets and magnetic
fields. Also, | included graphics that led
to a look at the adults and students
involved in creating the Alpha Interface.
The last section that | was responsible
for was the Careers section, which
described various jobs at the National
High Magnetic Field Laboratory. For
this section, | had to collect sound
clips, pictures, and quotes from the
lab's employees.

These many different experiences
helped me to see the many different
windows of opportunity that can be
opened with the right guidance. There
were many other students who passed
up the chance to be part of the project
in order to stay at home all summer, or
to take a class that they thought would
be “easier” But for me, the fact that
this was something that | had to work
hard at and make sacrifices for made it
more worthwhile. The fact that it was a
bunch of teenagers and teachers com-
ing together with some of the most tal-
ented people in the world was just
amazing! It made education a life expe-
rience instead of a class credit.

| would take this course any day! | had
some of the most rewarding
experiences and wouldn't trade them
for anything!

Dana, T, Lorsbach, A, Hook, K., & Briscoe, C.
(1991). Students showing what they know:

A look at alternative assessments. In Kulm, G.
& Malcom, S. (Eds), Science Assessment in
the Service of Reform. Washington, DC: AAAS.
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Where Industry and Academia Meet: An International Perspective

Multimedia systems and digital media
are becoming increasingly important
throughout the world. There is also a
shortage of people who are educated
and trained to develop, design, and
implement these systems. Today's com-
puter interfaces are designed in a
much more visual and intuitive manner,
so the skills involved in creating soft-
ware applications have expanded from
traditional programming to include cre-
ative skills, such as graphic design and
writing interactive narratives. Education
of graduates who are joining the infor-
mation technology industry must now
address the need for these new multi-
disciplinary skills.

This panel discusses these problems
and issues in both academia and
industry in Sweden, including: the
convergence of traditional computer
science students with traditional artists,
obtaining qualified staff, and how
industry is working together with acad-
emia in solving these problems. We
also look at how to introduce university
graduates to industry. We examine
some of the industry-education prob-
lems caused by the structure of the
Swedish education system and pro-
pose some possible solutions. We hope
that by airing these issues for discus-
sion, both industry and academia can
understand each other better, locally
and internationally, and pursue the
solutions that are presented.

One of the problems that we encounter
is the need to focus on communication,
not the computer: the need to provide
communication that connects people,
companies, schools, and clients.
University and industry need to collab-
orate to solve these problems.

Topics for discussion:

 Universities traditionally tend to
focus on the process of learning,
while companies look at the end
product. What is better for the student?

« Students seem to want to learn
products rather than theory. Why is
this good and bad?

e Current trends in the Swedish
industrial sector and how both
industry and academia are responding.

« What is the balance between theory
and practice? What sort of practice
is needed?

e How do you mix the artist and the
programmer? How do you train both?

« Digital media companies are often
involved in strong group projects that
require highly developed communi-
cation, management, and organiza-
tion. Should these skills be taught at
the university level?

Figure 1 Student work at Commando Royale.
(Student - Mikael Hakansson, UCGS-KP96)

Mark Ollila

Mark Ollila is actively involved with the
digital media industry in Sweden
through his role in the Creative
Programming Program at the
University-College of Gévle and his
position as a SIGGRAPH representa-
tive. He has always been interested in
3D and computer graphics as a hobby,
but in recent years these activities have
become a full-time career.

The Creative Programming Program,
which began in the autumn of 1995, is
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unique in its approach to selecting stu-
dents and in the teaching environment
it provides. There is a huge emphasis
on quality and creativity, which attracts
a wide range of students from different
cultures. The course looks at both
technical and aesthetic issues involved
in today's digital media. With a strong
emphasis on theory combined with
industry involvement, it keeps students
up to date. The student selection
process is quite stringent. A jury
reviews initial applications and invites
candidates for interviews, which gener-
ally involve examination of the appli-
cants’ analytical and logical abilities,
creative abilities, computer skills, and
evidence of a creative mind.

Creativity is the most important
criterion: the ability to look at a prob-
lem and solve it in different ways. For
this, theory is very important. It will
always going be the same, as the soft-
ware and hardware change. Issues in
Swedish education all boil down to

not having the resources to find good
quality digital media instructors. Unless
the industry gets more actively involved
in education of students, Sweden will
find itself with thousands of digital
media artists with no industry-quality
skills at all. Everyone can learn to use a
word processor, but that does not
make everyone a novelist. The same
principle should be applied to anima-
tion and digital media. Universities and
industry must initiate better communi-
cation and understanding of what they
need and can deliver.

Another issue in education is the
government's approach to funding.
Education officials decide that a field
such as science is worth a certain
investment per student without examin-
ing the real differences in educational
requirements between chemistry,
physics, and multimedia. Also, they
don't consider the fact that the
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Figure 2 Student work at Silverfish. (Student - Niklas Konstenius, UCGS-KP95)

multimedia industry is growing 400
percent per year, so we need courses
to provide the jobs. What about the
quality? Imagine if this principle was
applied to medicine: “We need doctors.
You, you, you, and you shall now teach
medicine” When does a computer sci-
ence teacher become a computer ani-
mation teacher?

How much is one quality student worth
to industry compared to 10 average
students? It is time to get industry off
its pedestal, and get it more involved
with the education system by sponsor-
ing students and schools, participating
in courses, and offering internships,
rather than criticizing universities for
delivering below-par students. On the
other side, the government and the
universities must decide which level of
“guality” they are addressing and what
sort of end result are they really look-
ing for. Is it a question of education
for the masses or education for those
who want to be employed? Are we

educating people for jobs, or educating
them in the ability to think and learn?

Joakim Kempff

Joakim Kempff is managing director of
Commando Royale, a new special
effects company for TV and film.
Commando Royale is the largest 3D
modeling and animation house in
Scandinavia.

The present problem for digital media
companies in Sweden is that there is
going to be huge market growth in the
coming years but not enough skilled
people to deal with it. The big problem
is to find creative people who can deal
with problem solving (illustrators com-
municating with programmers, for
example).

This indicates that the different cul-
tures need new structures. Who is to
educate the student: the university or
the company? Today, companies and
universities are two different cultures,
with different structures and hierar-
chies. In the future, they have to be

Johan Ljungman
Silverfish

more the same. One big problem is
that students want to learn the soft-
ware rather then focusing on problem
solving. As the software changes rapid-
ly, the student is outdated. For example,
a person who knew Alias three years
ago would have to know the whole film
industry today to be able to compete
for the same job.

Problems also exist between the two
cultures in research. Universities,
because they have the time and money
to experiment, can come up with solu-
tions that generally will not be thought
of at companies. Companies, on the
other hand, have to be more efficient
with their resources and may not be as
adventurous in research. But the end
result of the university research is
ideally something that a company can
use. How can we assure this end
result?

Johan Ljungman

Johan Ljungman is the CEO of
Silverfish Interactive Entertainment, a
Projector New Media company based
in Stockholm that conceptualizes and
develops interactive entertainment, dig-
ital TV, online and CD-ROM games,
and events.

| hear from art school students every
day, asking to obtain work experience,
telling me that advertising agencies
have told them that they will not be let
into the business unless they are
already in the business. This causes
inbreeding. How does the industry
change? In Sweden, this business is
like the pre-season players market,
where every one is buying and selling
players, and | am here waiting for the
referee to blow the whistle so the
game can start.

In Sweden, people are not usually
employed based on their CVs, but on
their creativity and social capacity. The
fire and the hunger within the candi-
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Where Industry and Academia Meet: An International Perspective

Figure 3 Student work at Commando Royale. (Student - Mikael Hakansson, UCGS-KP96)

date are of major importance, and
that's where universities and industry
often differ. The university stresses the
CV. Industry looks at experience. | also
want to point out that | don't want to
be the boss. | want a team, where
everyone can think, take initiative. |
don't want to be the suit. | want creativ-
ity and the knowledge that anyone in
the team is capable of leading the
company. But that leads us to the
question: what is more important, the
programmer or the artist? | want a
creative programmer. A year ago |
wanted a programming artist. Which
one is better?

Today, the government is funding hun-
dreds and hundreds of poorly prepared,
understaffed courses in multimedia.
How is the school going to pay for
quality teachers when industry is strug-
gling to find qualified staff? The gov-
ernment is also fooling kids by saying:
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“Learn Director and Lingo, and you will
get a dream job” This is particularly
true in the eight-week multimedia
courses around the country. They may
be good for project managers but not
for producers. Graduates of these
schools have average all-round skills,
and are good at communicating with
the people who have advanced skills.
But for every 10 staff members, we
only need one all-rounder.

The situation reminds me of the mid-
80s desktop publishing boom, when
new companies and university courses
popped up. Now, people realize that it
is not the tools, but the skills. At
Silverfish, we only want people from
the three or four quality institutions.
The other 100 universities are general-
ly producing students of lower quality.
Also, “multimedia” and “information
technology” are stupid words. They're
too broad. What is a multimedia
degree? A multimedia degree from one
university is totally different from
another university's multimedia degree.

Figure 4 Student work at Silverfish. (Student - Johan Sundblad, UCGS-KP96)



Multimedia Boot Camp:
Adventures for the New
Millennium

Multimedia Boot Camp: Adventures for
the New Millennium responds to the
severe shortage of skilled workers for
the nation’s multimedia/entertainment
industries. It encourages faculty to cre-
ate and to collaborate on multimedia
projects and curriculum that is perti-
nent to their classrooms and their
areas of expertise.

When a consortium of four California
community colleges, Creative
Technologies Institute (CTI), expanded
its successful “Accelerated Multimedia
Curriculum” development effort (funded
by a U.S. Department of Labor
Demonstration Grant) by implementing
statewide and regional curriculum and
staff development in multimedia tech-
nologies, it proposed implementation of
a hands-on and online experience in
which faculty with expertise in diverse
disciplines develop instructional multi-
media curriculum that enhances stu-
dent learning and creates multimedia
experiences in the classroom. This pro-
ject uses alternative delivery methods
such as online courseware, distance
learning via video conferencing, and
the Internet as an instructional tool. It
focuses on staff and curriculum devel-
opment using multimedia tools in tradi-
tional classrooms as well as electronic
delivery of multimedia instruction to
students. Since multimedia lends itself
to interdisciplinary project-based activi-
ties, the focus is on project outcomes
and collaboration of faculty throughout
California.

Implementation of Multimedia Boot Camp
In late 1997, CTI solicited brief applica-
tions from California Community
Colleges interested in participating in
the Multimedia Boot Camp demonstra-
tion/"beta” project. In the first demon-
stration of the project, in the spring of
1998, a total of 35 faculty (five from
each of the seven participating col-
leges) comprised the first “virtual”
class. Five cross-disciplinary applicants

Laurie Burruss
Pasadena City College

were recruited from each of the partici-
pating colleges to participate in the
training program. One of the five facul-
ty at each college was designated the
lead faculty coordinator to help with
information dissemination and project
coordination. These participants made
up the “virtual class”

The demonstration project consisted
of a two-day hands-on multimedia
workshop entitled Multimedia Tool Kit
followed by an eight-week online
course with four “adventures!”

The Two-Day Hands-on Workshop

The hands-on workshops at two sites
in Southern and Northern California by
regional program introduced faculty
participants to the Multimedia Tool Kit
hardware, software, scanners, digital
cameras, and A/V equipment that they
would need to develop instructional
multimedia. After the workshop, the
faculty coordinators from each of the
seven colleges introduced the faculty
participants to their own school’s facili-
ties (instructional and digital labs) for
support of this course.

Each faculty participant left the work-
shop with a Web site (minimum of two
pages) designed and posted to a Web
server as well as an interactive elec-
tronic presentation. Adobe Acrobat and
Pagemill allowed the faculty to create
Internet-ready content using familiar
and available applications such as word
processing, MS Powerpoint, and desk-
top publishing applications. In Acrobat,
they were able to add multimedia ele-
ments such as audio, QuickTime, video,
QuickTime VR, animations, and branch-
ing links to internal text, graphic
images and charts, URL sites, and
email addresses. They learned how

to print a PDF file, embed a PDF file
in an HTML document, project an
interactive electronic presentation
created in Acrobat, and download their
interactive multimedia presentations in

Karen Owen
San Diego Community College

PDF format to their classrooms,
auditoriums, libraries, and students.

The Online Adventures

After the hands-on workshop, four
online adventures were scheduled
every two weeks beginning the first
week in March. The four adventures
focus on the following topics:

Adventure 1 Searches on the Internet

Adventure 2 Good Design

Adventure 3 Navigation: A Trek Through Content

Adventure 4 Putting Multimedia to Work in the
Classroom: The Final Ascent

In Adventure 1, participants are
oriented to Top Class, the online
instructional delivery system and
introduced to how to participate in
various aspects of an online course.
The objectives of the online adventures
are:

 To allow faculty from a variety of
disciplines to create multimedia
projects and content that is pertinent
to their classrooms and areas of
expertise.

» To develop multimedia instructional
strategies and skills in multimedia
tools and applications.

» To not only experience alternative
interactive multimedia courseware
via the Internet, but also to help each
instructor develop four interactive
multimedia lessons that can be
demonstrated with their students.

» To focus on curriculum activities that
routinely integrate interactive multi-
media presentations in traditional
classrooms.

» To enhance and support instruction
with dynamic Web sites created by
faculty.
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Concept Development for Computer Animators Workshop

Concept Development for Computer
Animators is a workshop for educators
who teach time-based media using
computers. One of the major problems
facing young time-based media stu-
dents is understanding how to prioritize
concept and idea over technology and
technique — how to allow technology
and technique to support the idea.
Without a good idea there is no piece.
The workshop addresses issues specif-
ic to concept development: how do you
take students through a process that
will empower them to develop robust
concepts that make sense to do using
the computer? Participants are intro-
duced to the analogies between com-
puter animation and theater, computer
animation and film, and computer ani-
mation and sound. Participants are
taken through motivational exercises
suitable for an animation class and
shown examples of work from the con-
cept development class taught at
Ringling School of Art and Design.

Teaching computer animation can take
many forms, but all teachers tend to
struggle with a common problem: how
do you teach the technical aspects of
the discipline and still have time left for
the aesthetics of experimentation and
creativity? Paradoxically, our field is
perceived as innovative and experimen-
tal, yet it is already associated with
many clichés and conventions. A prima-
ry barrier is the computer animation
process itself. In computer animation,
the mouse, CPU, and software are
interjected between the idea and the
result. The challenge is to make the
interface a partner rather than a barrier
in the process. But too often, students
begin posing questions that are third-
person neuter: Can it do glass? Can it

make ripples? Can it do particle sys-
tems? When “it” is referred to as the
work, students write themselves out of
the process completely. This objectifi-
cation manifests itself in other ways.
Students with a clear technical under-
standing tend to push to make the
software do everything all at once.
They apply “lens flare” to every image
they create. They program “glowing”
buttons for interactivity. They ray-trace
glass spheres in reflective rooms till all
hours. And they model familiar clichés
to learn the tricks of the trade. At the
other end of the spectrum, those stu-
dents who are not familiar with the
technology painstakingly move through
each demo tutorial. Paralyzed by fear,
they never deviate from the path.

So how do you control the extremes
and focus on the primary task of mak-
ing artwork, using the computer as a
tool for communicating content?

A creative catalyst is needed to bal-
ance curriculum with just the right
amount of instruction and experimenta-
tion. That catalyst must provide a
smooth blending of the technical and
conceptual aspects of animating on
the computer. There are three basic
elements of this overall philosophy: a
holistic balance between the concep-
tual and the technical, a strong
emphasis on game theory and
experimentation, and a concentration
on problem-solving strategies. This
workshop introduces participants to
motivational exercises suitable for time-
based artists, discusses course
objectives for developing animation
concepts, and concludes with a
discussion of the critique process for
time-based media.

26 Educators Program Conference Abstracts and Applications

Motivational Exercises

In theater, the concept of representa-
tion connotes realism. Stanislavski's
method calls upon actors to represent
reality based upon motivations culled
from personal experience: a logical,
rational building of emotion. In 3D
computer animation, a distinct paradox
emerges regarding the use of the term
“representation” The trend toward
photorealism in architecture, design,
and scientific visualization can over-
shadow the “presentational” aspects of
computer animation as fine art. This
trend is as inhibiting as the realist/
naturalist movement was to theater at
the turn of the century. Even
Stanislavski, the man most associated
with the realist movement in theater,
ultimately rejected the meticulousness
of external realism, and urged his
actors to strive for an “inner realism”

Participants in the workshop explore
the difference between inner realism
and representation through body
movement and motivational exercises
suitable for time-based artists. These
exercises are designed to introduce
students to basic animation concepts
(exaggeration, gesture, timing, and
weight) while at the same time demon-
strating the importance of “on-your-
feet” brainstorming and improvisation.
Examples include the “machine’”
Participants must build a human
machine in which each person gener-
ates a sound and a body movement
that goes with what the other people
are doing. Another example is the
object/verb analogy, where participants
must “act out” an inanimate object exe-
cuting a random action.



Karen Sullivan
Claudia Cumbie-Jones

Concept Development Course Objectives
At Ringling School of Art and Design,
our concept development class serves
as a useful catalyst for the generation
of new ideas. Such a class can also
reinforce the need for working through
animation as a process, rather than
expecting it to spring forth from the
head into the computer as an already
complete entity. In concept develop-
ment, we have designed assignments
to help students explore multiple
aspects of computer animation. In addi-
tion to the “acting” aspects of comput-
er animation, directing and design
aspects need to be addressed, and a
history has to connect with a variety of
ideas in order to make sense. The his-
tory of electronic art connects to 20th
century art through numerous move-
ments, particularly surrealism and con-
ceptual art. It has influenced and is
influenced by the history of other time-
based arts such as performance, video,
and film. It is also shaped by a variety
of industrial and scientific applications
that have influenced both the visual
nature of computer animation and the
means by which we create it. These
make up the visual references that
shape animation ideas. Guiding stu-
dents toward this kind of visual literacy
and making them comfortable with the
technology in the process is no small
task. Here are some sample objectives
for concept development assignments:

Ringling School of Art and Design +1.941.351.5100
2700 North Tamiami Trail ksulliva@rsad.edu
Sarasota, Florida 34234 USA ccjones@rsad.edu

Understanding metaphor, symbol,
semiotics, and icon:

» Develop concept through dreams,
stream of consciousness, or games.

» Understand the use of image as
metaphor, symbol, and icon.

* Begin to identify what constitutes a
good idea and develop flexibility to
change ideas.

 Learn brainstorming techniques such
as “what if.” making check lists,
forced connections, object analogy,
abstraction, finding the essence, “AH
HA" metamorphosis, hunches, and
use what you have.

» Do storyboards and drawings away
from the computer to emphasize the
importance of generating ideas on
paper and to avoid “Photoshop filter
cliches”

Manny Trujillo: Metaphor, Symbol, Semiotics,
Icon Assignment
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Concept Development for Computer Animators Workshop

Understanding synesthesia, the perfect
balance between sound and image:

 Students develop concepts using
sound as the source for content.

 Students are introduced to the
concepts of juxtaposition,
environment, gesture, atmosphere,
expression, and impression, as
opposed to concepts that have a
literal interpretation.

 Limit students to using their mouths
or bodies to create sound (this
introduces them to the practice of
“roughing a soundtrack”).

« Students create a balance between
sound and image where neither can
exist without the other.

Scott Moore: Synesthesia Assignment
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Understanding Transition and framing
as language in relationship to layering
and compositing:

 Students explore framing as
language, developing sutures,
sequences, scenarios, and narratives.

 Students explore transition as
montage, code, layering, and
compositing associated with digital
animation.

Steve Zafros: Transitions Assignment

Understanding references through
research, recognition and juxtaposition:

» Develop concepts through research
and comparative analysis. The areas
of comparison are visual: between
fine arts, time arts, applied arts, and
media.

¢ Include in research an investigation
of image as personal, historical,
technical, ethical, cultural, to develop
a critical perspective.

* Introduce the concept of making a
visual comparison over time, as
opposed to a verbal or textual
comparison, as in a research
paper (an extension of the
concept of metamorphosis
and transition).

 Learn to recognize and avoid cliché,
and understand references both in
content and technique.

Dani Rosen: Reference, Research and
Juxtaposition Assignment

Constructive Criticism for Time-Based Art
In theater, critique is an integral part of
the rehearsal process, with a demo-
cratic approach to directing. Actors are
seldom told what to do by directors;
they are coached through a process of
exploration and experimentation. There
are no wrong ways, only different
approaches and interpretations to find
the best way.

The animation critique process is simi-
lar to the theater critique process. Both
are time-based art forms, both require
problem-solving strategies where there
can be multiple solutions, and both
require a “rehearsal” period to test
these strategies. For this reason, cri-
tique is part of the creative process of
animating. In addition, because anima-
tion takes so long to produce, a project
can easily become stale, and one way
to prevent this is to show it to as many
people as possible in order to gain a
fresh perspective.

Conference Abstracts and Applications Educators Program 29



Chickscope: An Innovative World Wide Laboratory for

K-12 Classrooms

“This project involved my students in an
area of technology that few high school
students have a chance to experience.
They learned the possibilities of inter-
active technology while learning about

MRI imaging and fetal development”
High School Teacher

“My students gained knowledge about
embryonic development and MRI. They
learned new skills in using the World
Wide Web and e-mail. My students also
felt as though they were a community
of learners playing an integral role in a
project. They felt like respected people
who were given control of an expen-

sive machine”
Middle School Teacher

“My children are constantly involved in
discovery learning, always questioning
where things come from, what makes
things work, etc. Being able to look
inside an egg was a wonderful way to
learn about life cycles and what goes

on inside”
Primary School Teacher

“The children were thrilled to watch
the images appear as they manipulated
the MRI from our classroom. We
watched in wonder as we viewed the
pictures of the chick's development
inside the egg, and candled our own
eggs to see if we could find those

same characteristics developing”
Primary School Teacher

Spring 1996 Chickscope: The Beginning

In the spring of 1996, 10 classrooms
ranging from kindergarten through high
school participated in Chickscope, a
collaborative 21-day chick embryology
project initiated by the University of
lllinois at Urbana-Champaign.

Each classroom was given fertilized
eggs, incubators, and educational
materials on egg science and candling,
courtesy of the 4-H Cooperative
Extension Program. At the same time
each day, a fertilized egg was placed
in a magnetic resonance imaging
instrument at the Beckman Institute
Magnetic Resonance Imaging
Laboratory. Through an interactive
Web site, students remotely controlled
the MRI device to obtain images of
the developing chick. The Web site was
developed by the Beckman Institute
Visualization Facility, the Magnetic
Resonance Imaging Laboratory,

and the National Center for
Supercomputing Applications.

The classrooms acquired daily images
of the egg and shared their observa-
tions, predictions, and questions via the
WWW. Through the Chickscope Web
site, they received educational material,
daily reports of the development of the
chick, and sample MRI images for the day.

The goal for the Chickscope project
was not only to provide students and
teachers with access to the MRI sys-
tem over the Internet, but also to pro-
vide them with the supporting infra-
structure that is usually reserved for
scientists. We realized our goal when
the students and teachers became part
of the scientific community by sharing
their learning exercises, observations,
predictions, and questions.

Access to remote scientific instruments
using basic Internet tools from the
classrooms offers opportunities for K-
12 students and teachers to participate
in collaborative research and data
analysis. We wanted to explore how
this project could be integrated in K-12
classrooms in light of the current sci-
ence education reform initiatives that
recommend the use of the Internet for
learning and teaching (e.g, Hunter,
1995; Linn, 1992).
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Barbara Mason Fossum
b-fossum@uiuc.edu

Based on student and teacher feedback,
the project was well received, particu-
larly in lower grades, because this was
the students’ first introduction to doing
science on the Internet for an extended
period (e.g. at least 21 days). The most
successful experiences occurred when
teachers creatively included Chickscope
in their daily lessons. Access to unique
scientific resources and expertise provided
the students with motivation for learning
science and stimulated interest in the
scientific enterprise. A surprising result
of this project is the continuing use of
the Web materials by the participating
classrooms (as well as by classrooms
that did not originally participate in

the project, or had access to the MRI
system remotely).

Lessons learned from the Chickscope
project relating to the Internet include:

 Students were more involved in
Chickscope when it was well inte-
grated into the classroom curriculum
plans. The teachers played a critical
role in integrating both Web-based
and non-Web-based activities into
their curriculum.

 Students working in groups were
able to share computers and limited
MRI time effectively to do serious
Internet-based science for an
extended period.

* In spite of the complexity of the
technology, students and teachers
across K-12 grade levels and settings
(public, private, home school, after-
school science club) benefited.

« After the initial interactive Chickscope
project came to a conclusion, the
site remained a useful resource in
the classroom, using the collected
database of images from the original
project. The remote instrumentation
portion was not essential to the
continued use of the site.



C. Bertram Bruce
chip@uiuc.edu

Fall 1997
The Chickscope 1.5 Development Team:
Interdisciplinary Chicken Soup

The next step required further develop-
ment of curriculum materials and con-
tent that would be well integrated into
the classroom curriculum plans. To that
end, we recruited the help of the
teachers involved in the first phase of
the Chickscope project to act as co-
developers for the new Chickscope
site. Students and teachers learned
much about how to collect and analyze
data, how to ask questions, and how to
communicate their findings with others,
They also had opportunities to interact
with experts from several disciplines,
such as MR imaging, developmental
biology, curriculum and instruction, and
computer science.

The new Chickscope site includes con-
tent and lessons for integrating image
processing, biology, chemistry, and
mathematics-related materials into the
curriculum. Faculty from the College of
Veterinary Medicine developed chick
embryology units. Faculty from the
College of Education developed staff
development units and reviewed the
design and implementation. The mathe-
matics units were developed by faculty
and students in the Mathematics
Department at the University of lllinois,
using the theme of the egg as a loose
framework for presenting mathematical
concepts of all types. Researchers from
Arizona State University's Image
Processing for Teachers program are
developing units for image processing
and image analysis based on the MRI
data sets collected in the first
Chickscope implementation.
Researchers at the Beckman Institute
developed chemistry and biology
materials.

Umesh Thakkar
uthakkar@ncsa.uiuc.edu

Spring 1998

Illinois Chickscope:

Professional Development for Teachers
www.ed.uiuc.edu/facstaff/chip/Projects/
Chickscope/ccc.html

Early analyses tell us that Chickscope
was successful in terms of immersing
students and teachers in a small scien-
tific community (Bruce et al., 1997).
Although remote scientific instrumenta-
tion is today an exotic and expensive
technology for schools, it is already part
of the daily practice in research and
industry (e.g., Kouzes et al, 1996). This
suggests that K-12 students and
teachers may need to learn more about
this new technology for doing science,
and that it is likely to become more
commonplace and less costly in the
future. This has happened with elec-
tronic mail, which is now part of every-
day activity in many schools. The partic-
ular instruments and scientific domains
may change, but understanding the
principles underlying this mode of
learning through projects like Chickscope
should be generalizable to other
domains involving new technologies.

The lllinois State Chickscope Proposal
was funded by the lllinois State Board
of Higher Education to support the
participation of 30 Champaign County
K-12 teachers in a professional devel-
opment training program during the
spring, summer, and fall semesters in
1998. The project hopes to demon-
strate a capacity for sustainable sys-
temic improvement in mathematics and
science education. Participating teach-
ers will actively collaborate with 120
pre-service teachers from the College
of Education, and with faculty and staff
members from several disciplines.

The lllinois State Chickscope project
meets both recommendations for pro-
fessional development as stated in the
State Goals for lllinois Learning
Technology (ISBE, 1997, p. 19):

Clinton S. Potter

Daniel E. Weber

Janet Sinn-Hanlon

University of lllinois at Urbana-Champaign

» Develop knowledgeable educators to
“establish a student-centered,
technology-enriched learning
environment”

» Require technology-enriched teacher
preparation to “ensure that new
teachers are prepared to take full
advantage of the learning potential
of technology’

Previous Chickscope evaluation has
shown that it had a positive impact on
teachers’ ability to promote mathemat-
ics, science, and technology learning.
As we expand to a county-wide imple-
mentation, it is crucial to evaluate what
works and why in this proposed project.
Specific evaluation questions will focus
on the six objectives: What is required
to scale up? Is collaboration among
teachers, pre-service teachers, and
scientists supported? How well does
the information infrastructure work? Is
there a useful clearinghouse for
standards-based materials? Are
teachers supported in inquiry-based
teaching? Is the project sustainable?
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Chickscope: An Innovative World Wide Laboratory for K-12 Classrooms

Spring 1998

Chickscope 1.5 Revealed

The Chickscope 1.5 Web site was
designed to be an interactive web
book, providing content and activities
for K-12 students in various curricula.
Along the left margin of every page are
links that facilitate access to the major
sections of the site. These sections
(“Explore;” “Roosts,” “Schools,” and
“Help”) are described in detail below.
Along the bottom margin of every page
are links to subsections or subunits
that deal specifically with the major
section visited.

The home page provides a brief
overview of the project, the “Yolk of the
Day” (a collection of the worst chicken
jokes we could find), “Hot off the
Press” (any new additions or changes),
and “Serious Fun” (a brief description
of an activity or interesting page). The
page uses server-side technology to
create a dynamic and engaging first
impression of the Chickscope project.
The “Yolk of the Day” and “Serious
Fun” sections invoke two PERL scripts
that randomly select and return jokes
and activities, thereby changing the
appearance of the home page upon
each visit.

Explore: A Menu of Many Courses

Inside “Explore” one can read about
several subunits. One subunit describes
the Embryology unit, where students
can access the development of the
chick embryo day by day. Each day
allows students to examine that stage
of development in several modalities.
Image icons representing these modali-
ties allow the student to look at MRI
images, colorful illustrations, images of
candled eggs, histology sections, or 3D
reconstructed volumetric renderings.
Each mode is annotated and contains
text related to the developmental stage
or an explanation of how the image
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was acquired. Each day also focuses
on a specific element of development
and includes lessons or activities for
the students. Other subunits include
Math, an NIH image tutorial, a tutorial
on biological imaging, and an image
processing unit developed by the
Image Processing for Teachers group
at the University of Arizona. The Egg
Math pages include Java applets
explaining math concepts and exercis-
es to do in class. Topics such as the
“ham sandwich theorem” and “egg cal-
culus” engage students in leaning math
concepts. Along the bottom of the
page are links to these units.



Roosts: Where Inquiring Minds Ought to Go
The roosts provide a venue for the
students to communicate with the
researchers. Students can email indi-
vidual researchers at their roosts and
ask questions or exchange ideas. Each
senior researcher associated with the
project supported a Web page for their
area of expertise, such as Carl's Roost,
which was developed by Carl Gregory,
an MRI specialist. Frequently, these
roosts were loosely constructed pages
put together by the scientists involved
with the project. For Chickscope 1.5,
many of the roosts became the basis
for activities and lessons found in the
Explore section. The roosts are used to
document project results and respond
to students and teachers. Annotated
images with notes on the daily growth
of the chick are also recorded here.

Schools: The Roots of the Project

The Schools section provides a place
for each school to publish its own Web
page to report progress in the project.
Each school may publish a page pro-
viding information on individual experi-
ments they may be attempting as well
as contact information for other
schools to communicate with them
about their projects. This is the place
for each participant to establish a
unique ownership or presence in the
project. Through links on this page, the
teachers and the students can commu-
nicate with each other via HyperNews,
a product from the National Center for
Supercomputing Applications that
allows teachers and students to post
comments using a Web browser and
gives greater flexibility in communicating.

Help: “I need somebody..”

The Help section provides online
guidance with navigating the site and
finding resources. The site includes
downloadable software for several of
the activities, and the help section cov-
ers some of the technical questions
that might arise. These downloadable
packages are located under the
Resources section of the site. Help
also provides information on how to
use the database, how to use
HyperNews, and where to find useful
tools.

The Future of Chickscope

What started out as a proof of concept
for a remote instrumentation project
has become a critical survey of curricu-
lum integration and information design
for the K-12 classroom. Chickscope
1.5 opens avenues for many design
elements and tools to be used as a
framework for delivering content and
curriculum to K-12 classrooms. What
remains is to demonstrate that
Chickscope can scale to a larger
national community and to implement
this style of delivery to other areas that
nurture interdisciplinary study.
Chickscope opens the door to bringing
new tools and technology to support
inquiry-based learning into the class-
room via the World Wide Web.
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How to Get Web Presents! Designing a Collaborative

K-12 Web Project

Since | first launched the collaborative
ecology project, “A World Community of
Old Trees;" on the Web two years ago, |
have received hundreds of contributions
from children and adults from all over the
world. Each time | opened an electronic
file, | felt like | was opening a very special
present! What wonderful old tree would
be inside?

Using “A World Community of Old Trees”
as an example, this paper presents meth-
ods for K-12 teachers and students to
design, maintain, and evaluate their own
collaborative project for the WWW. For
me, having a global Web project has been
like hosting a party and inviting the world
to join in! The purpose of this presentation
is to share the excitement of the definite
potential of the Web medium for global
collaborative learning.

A World Community of Old Trees” was
specifically designed to provide an open
digital space for the global community to
identify, write about, and document with
visual images, the most extraordinary
trees in their environment. The project
contains three major components: the
Tree Gallery, with both scanned art and
Web-specific imagery and accompanying
descriptive text, the Tree Museum, where
references to extraordinary trees are listed
in the continually growing Print Sources
and Web Sources sections, and Tree Talk,
which contains tree ecology facts, person-
al narratives, photos, participants' respons-
es, and a built-in Comment and Survey
Form about the project.

For me the most wonderful section of
the Tree Gallery is the Student Projects
section. It showcases the wonderful art
work, poetry, and stories from children, all
lovingly documenting the most extra-
ordinary trees in their worlds. It was espe-
cially exciting when these files came into
my email account! When | opened them, |
was greeted with beautiful tree art works,
stories, and photos of children proudly

standing next to their trees. Children
from many parts of the world, including
the United States, Canada, Lithuania,
Australia, and Japan, have sent in their
tree gifts for the world to share. When
visitors responded to a particular student's
contribution, | pasted that email directly
on the bottom of their page. For example,
Rosemary, an eighth grader in Australia,
did research on the oldest species of
tree in the world, the Wollemi Pine, and
contributed both text and photos to the
project. When | received an email com-
ment on Rosemary’s work, it was added
to her page.

Another exciting student contribution to
the project was the Interactive Tree Chaos
Series page by Josh, a twelfth grader in
New Jersey. In this project within a pro-
ject, Josh invited visitors to interact with
his imagery with either conventional art
media or with computer graphics and to
send their pieces back to the site. His
pages include the interesting interactions
that came in from several diverse partici-
pants: a sound file by an eight-year-old
Toronto girl singing “l Am a Tree]’ a series
of computer-graphics manipulations of his
imagery by a graduate student in New
York City, and similar images from a hand-
icapped artist in the Pacific Northwest.

This experience convinces me that with
an open, interactive design, any educa-
tional theme that has its basis in the con-
cerns and issues of young people would
be successful in an international, shared
resource. From my work, | have identified
the following factors as considerations for
effective design of collaborative K-12
Web projects: interaction, participation,
content, promotion, information collection
and distribution, and evaluation.

A World Community of Old Trees”
demonstrates several modes of interac-
tion with the project: participants can
send in comments on a Comment Form,
complete a Survey Form, send in email on
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tree topics, or interact with existing work
already on the site. In one case, they are
even invited to manipulate a student
artist's imagery. | believe that in creative
circumstances, the possibilities for inter-
action are numerous and fantastic. By
its nature, the World Wide Web invites
interactions. Thoughtfully designed collab-
orative Web projects can maximize this
innate characteristic of the medium and
celebrate it within any thematic context.

Within its three major components, TREE
GALLERY, TREE MUSEUM, and TREE
TALK, global participants of all ages
rejoice in the planet's most extraordinary
trees. | am able to witness the pictures
and words from many hearts. By making
participation in a collaborative project as
open as possible, project designers can
maximize the potential of the Web for
engaging a large and diverse group.

With regard to the content of “A World
Community of Old Trees;” my purpose was
not to examine global tree ecology prob-
lems nor to suggest solutions to them.
Rather, my aim was to provide a frame-
work for participants to have relationships
with trees, and through an interactive
digital context, also with each other. | was
more interested in seeing what came in
rather than in presenting any particular
view. Initially, | presented a few demon-
stration pages featuring my own pieces in
a variety of media as examples of page
layout and possible style. As each
contribution came in to the project, | put
it on the site right away for potential
participants to see, and to add to the
ongoing demonstration of possibilities of
interpretation. Content design should be
inclusive and open, within a flexible
structure.

Since “A World Community of Old Trees”
is a Web project, the natural dynamics of
the medium itself function quite sponta-
neously for the project's promotion. Since
it is developing over time while open to



public view, it is its own best advertisement.
Still, initially, | had to consistently publicize
the project by repeated email postings on
numerous subject-matter-related listservs.
After a while, though, the project picked
up its own momentum, and began to have
a life of its own, gathering participants
daily. Information will reside silently on a
server unless determined efforts are
made to promote those links to the target
audience. A very effective method to con-
sider is the use of complementary links.

With regard to information collection and
distribution, | found that the practice of
building the site as the contributions
came in was very effective, particularly for
students who were anxious to see their

work on the Web. As soon as | received
them, | put new files on the server, and
immediately sent out email messages that
included the new URL.

Within a Web-based collaborative project
a lot of teaching goes on in the most
unexpected and marvelous ways, but how
can you best evaluate the project? Once
again, the interactive nature of the Web
itself can provide the means. As with ‘A
World Community of Old Trees;’ various
fill-out forms can be placed on the site
requesting input on the the project's
objectives. And, if your email inbox is
always full of new messages from people
all over the world, discussing, suggesting,

questioning, and telling, you will be well-
supplied with feedback on your project.

But most of all, it is the quantity and quali-
ty of those precious gift files that speak to
the strength of your Web project. How do
you get the best Web presents? If you
carefully consider the factors of interac-
tion, participation, content, promotion,
information collection and distribution, and
evaluation when you begin to design your
collaborative Web project, you have the
best chance, I've found, of maximizing the
potential of the Web, an entity as vast and
synergistic as the human spirit itself.
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Improving Instruction and Staff Development by
Building K-12/University Partnerships

Artists have long been the voice of
society and civilization. Whether creat-
ing art for the masses, for the select
few or for themselves, they have kept a
finger on the pulse of evolution.
Computer animators bring life to the
imagination with digital manipulation
and personal observation from high up
on the wave of the Zeitgeist, by pro-
ducing art that has strong didactic and
entertainment potential.

As a computer animator working in
three-dimensional graphics, one of us
draws on personal experience to give
clients an interpretation of the concept
they have developed for a particular
project, client, or design. As a teacher
of computer animation, he gives his
students a peek into a finite world that
allows for an incalculable number of
personal interpretations of any single
idea or vision. Most of those students
are seeking a Master of Arts degree in
communication arts, specializing in
computer graphics for advertising
design and animation, or in television
production. Many of them have little or
no experience with computers; most
are traditional artists. With those
students, a good place to start is by
having them tap into their own experi-
ences and resources to develop a
personalized approach to 3D graphics,
without letting the complexity and
technical demands of this medium dis-
courage them from pursuing a career
in animation. The most challenging
aspect of the job is the varied levels of
computer literacy and 3D theory
encountered in those classes.

What has made the job of college
instructor easier is that the growing
use of computer animation for educa-

tion, science, business, medicine, law,
and entertainment has widened the
playing field for the animators of the
future. People from all walks of life are
likely to find something that will inter-
est and occupy them in computer ani-
mation. Far from dehumanizing, the
computer has the power to bring the
individual closer to the life rhythms that
fuel the artist's vision.

Computer graphics has truly become
an artist's medium,; it is now a matter of
making these new tools available to
those who would benefit most from
using them. As an introduction for
these university-level students, we like
to tell them that they have all been pre-
pared to work in 3D computer anima-
tion, because they live in a three-
dimensional world. They are asked to
think of tasks they might have per-
formed recently, or observations they
might recollect with any sort of detail.
Have they looked, but really looked, at
the way light reflects off an apple, or
the way sunlight enters through a win-
dow? One student actually said that
she had no practical experience that
relates to 3D modeling, but she had
been working as a recreational
therapist in arts and crafts.

What is most fascinating about working
in 3D is that instructors are called
upon to connect with and use almost
everything they have learned and
experienced in an entire lifetime. Some
connections are obvious and quite
practical: photography, ceramics, sculp-
ture, fabric design, dance, and music.
Some are less obvious: watching tele-
vision, reading, looking up at clouds,
cutting up a pear (while observing it
carefully) and just living and soaking up
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the environment. It is good to think that
everything is useful because 3D is so
all encompassing. A recent project had
one of us digging into memories of
observing abdominal surgery because
the client wanted realistic “living”
organs: a heart, a stomach, and
intestines. Photographs were a big
help, but what helped most were recol-
lections of light, translucent and reflec-
tive tissue, and true, living color.

Today, 3D software packages are avail-
able for the PC, and they range in price
from the very affordable to the expen-
sive, but not quite as expensive as they
were five or 10 years ago. That afford-
ability was the impetus for this paper.
We wondered about ways in which
university and K-12 educators might
collaborate to take advantage of all
that is now available. Many elementary
and high school students are actually
already experimenting with computer
graphics and 3D art; the animators of
the future are already training and
preparing themselves for this growing
industry. As educators at these differ-
ent levels, we can all work together to
guide and motivate students who have
an interest in the field and want to
acquire practical skills that could
further their goals as future animators.
Besides the obvious — skills in
traditional animation, computer science,
film and video — there are a number of
extremely useful endeavors that would
assist students in their goals of enter-
ing this field. These are just a few of
them: dramatic arts (acting, directing,
lighting, set design), performing arts
(dance, music, opera), writing, story-
telling, studies in folklore and mytholo-
gy, photography, yearbook layout and
illustration, drawing, painting, color
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theory, sculpture, ceramics science,
physical and biological sciences,
history, art history, architecture, mathe-
matics/geometry, computer-related and
business-related communication, sports
and physical activity in general, tele-
vision and film production.

A student can derive a great deal of
pleasure from a project that focuses on
personal interests. A teacher can get a
lot of mileage out of that student with
a well-directed project, and a lot can be
learned by both of them in collabora-
tion. One of us has strong memories of
a dialogue written for high school
Spanish that would easily translate into
a good animated short. It is based on a
fable by La Fontaine.

How does this partnership work? The
North Rockland Central School District
and New York Institute of Technology
are near one another but are certainly
not next door to one another. NYIT has
several campuses, but the closest is at
least a 90-minute commute from the
school district. So, the partnership was
established using the facilities of the
district. Fortunately, North Rockland is a
public school district with a strong
commitment to technology and the
arts. The district, which has 7500 stu-
dents, commits over $1.5 million per
year to technology, creating state-of-
the art computer laboratories, placing
computers in individual classrooms, and
putting time and money into staff
development. The commitment to staff
development is also reflected in the
presence of a busy Teachers’ Center. It
is the Teachers’ Center that manages
the program that NYIT offers in
Rockland, taking care of the mundane
details of registration, room assign-

ments, etc. The Teachers’' Center is
located in North Rockland, but it also
provides staff development for eight
other school districts, thereby increas-
ing the pool of students.

A consideration of such a partnership
is that it must operate within the con-
text of the needs of the participating
teachers. There are many teachers in
the region who are anxious to explore
the use of computer graphics.
However, the reality of the certification
rules in New York and New Jersey (the
areas served by the partnership) is that
most teachers cannot achieve certifica-
tion with degrees in computer graphics.
What we have done through our part-
nership is incorporate significant com-
ponents of computer graphics into
education courses that meet the state
standards for certification. Teachers in
our courses explore successful models
of the use of computer graphics in
schools. As an example, as part of a
computer graphics component of our
Introduction to Educational Technology
course, one of our students explored
art education in traditional classes
(Dana 1993) and in gifted and talented
classes (Banbury 1996). One of the
ways we have made those courses
successful is through an annual
Summer Institute in Educational
Computing, which the North Rockland
School district runs with the support
and assistance of NYIT. That institute
gives K-12 faculty an opportunity to
explore a number of areas relating
technology to education. Computer
graphics is always one of the more
popular.

What impact has the partnership had
on our students? Because of the train-

ing that our faculty have received in a
variety of courses in the NYIT partner-
ship, our teachers are using computer
graphics at many levels with their stu-
dents. At the elementary and middle
school levels, teachers uses programs
as simple as Microsoft Paint and Print
Shop to teach basic concepts in art
and design. At the secondary level,
teachers across many curriculum areas
use software such as Photoshop,
AutoCad, and Corel Draw to help stu-
dents learn concepts of art, design, and
even engineering.

As we contemplate the many digital
microcosms of 3D graphics, we think
of Vincente Huidobro, a Dada and
“Creationist” poet. His aesthetic theory
for Creationism proposed to “create a
poem the way Nature makes a tree _
make real that which does not exist ..
say things which [without you] will
never be said,’ and ultimately stated
that “the poet is a small God”
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The Physics 2000 Project: Interactive Physics on the

World Wide Web

What is the Physics 2000 Project?

Created by leading researchers, the
Physics 2000 Project has generated
an innovative interactive Web sitel
designed to make modern physics

and technology accessible to K-12 stu-
dents, college students, and the gener-
al public. A key element in the success
of this ambitious project has been the
use of Java applet technology to create
over 35 “virtual experiments” that are
controlled using the computer mouse.
By combining graphics primitives, con-
current threads, and GUI input events,
Java permits rich inter-active anima-
tions to run locally on Web clients.

Users of Java-enabled Web browsers
such as Netscape 3.0 find their
screens transformed into a laboratory
containing experiments ranging from
an X-ray fluoroscope? and CAT-scans3
to interactive laser and magnetic-
evaporative cooling? for creation of the
Bose-Einstein condensate. This “virtual”
laboratory has certain advantages over
real laboratories. It allows the user to
see the physics concepts as they are
visualized by leading scientists. These
dynamical visualizations convey far
more than static text, or even a real
experiment. Interactivity further
enhances the learning experience.

For example, when charges are shaken
(using the mouse), the users see how
the electric lines of force wiggle> and
an electromagnetic wave is launched.
The frequency can be varied and the
user notes that this affects the
wavelength. An option to derive the
algebraic relation among wave speed,
wavelength, and frequency is offered.
In another applet, users shine different
colors of light on an atom and observe
how the electrons change in energy
and position. These and other inter-
active virtual experiments are demon-
strated in this paper.

The interactive demonstrations are
unusually tactile and responsive, as
well as just plain fun. This makes the
science as concrete and intuitive to the
student as it is to the seasoned
researchers who designed the site. The
subject matter is primarily 20th century
science and technology. Devices such
as X-ray machines and microwave
ovens lead into explanations of electro-
magnetic waves and how they interact
with matter. Recent exciting research
discoveries such as Bose-Einstein
condensation and novel quantum inter-
ference are also featured.

In addition to virtual experiments, other
pedagogical strategies are used to
enhance the presentation. Dialogue
between cartoon characters provides
exposition into which the virtual experi-
ments are embedded. By proceeding
from familiar technological devices to
the more abstract underlying concepts,
the physics is made relevant to the
non-scientist. Various levels of com-
plexity are incorporated through the
hypertext format so that users can
easily select the level that matches
their background and interests. The
cartoon characters serve to identify the
level of difficulty of the subject matter.
Workshops with high school teachers
have been employed to evaluate these
strategies and useful feedback was
incorporated into the Web site.

The Web site has received consider-
able recognition. It has been endorsed
by the American Physical Society and
the Exploratorium in San Francisco,
and it has drawn favorable responses
from educators, students, and users
from around the world. Future develop-
ment will include units on lasers, com-
pact disc players, microwave ovens,
molecular bonds and basic chemical
processes, particle accelerators,
thermonuclear fusion, and many more.
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The innovative form of presentation
transcends the traditional divisions of
“elementary” and “advanced” concepts
and topics, which form the foundation
upon which most physics curricula are
built. As it expands to cover more
material, this project should be a valu-
able educational resource for science
teachers and students at every level.

How Did the Physics 2000 Project Get
Funded and Managed?

The Physics 2000 project was original-
ly conceived as an in-class resource to
be used in conjunction with innovative
undergraduate physics courses for
non-majors. Support for the project
was initially sought from the under-
graduate curriculum division of the
National Science Foundation (NSF),
but a proposal for seed money was
turned down. The focus of the project
was then broadened to include out-
reach, especially to K-12 educators
throughout Colorado. A proposal with
this new emphasis was sent to the
Colorado Commission on Higher
Education (CCHE). In addition to
development of a Web site, the pro-
posal provided for a sequence of
workshops to be held with local and
statewide educators. The proposal
was approved, and a generous level of
support was furnished by CCHE for 18
months. This grant ended June 30,
1998. At present, we are seeking
support to continue for another three
years. Once again, we are going to
NSF, but to a different division. We

are also seeking to secure corporate
support through the University of
Colorado Foundation.

The grant from CCHE enabled us

to hire a cadre of artists, designers,
cartoonists, HTML formatters, and
programmers to create a unique and
highly professional technical staff. In
addition, graduate students and under-



graduates were hired. A group consist-
ing of these personnel together with
faculty from the Physics and Chemistry
Departments at the University of
Colorado met weekly to discuss strate-
gies and review the progress of the
Web site. In between these meetings, a
student (graduate or undergraduate)
would typically meet with a professor
and our programmer, David Rea, to
develop a flow of pages in the Web
site devoted to a particular topic. Once
the general flow of information was
established, both faculty and students
wrote dialogue for our cartoon charac-
ters. Often a particular Java-applet
“virtual experiment” drove the dialogue.
In general, dialogue was felt to be the
best form of exposition for the Web,
since it nicely parses the information
into a few sentences at a time that can
be easily read on the screen.

What is So Unique About the Java Applets
on This Web site?

One of the effects we have striven for
in our applets is tactility: the illusion of
physical reality in the graphics. Based
on both observation of students and
personal experience, we have found
that simulations that look more real are
also more engaging. The computer
game industry, obviously, has discov-
ered the same thing.

For the most part, tactility in Physics
2000 is accomplished through entering
the third dimension. That is, we attempt
wherever possible to step beyond flat,
monochromatic graphics and instead
use shaded 3D objects, whether in the
spheres and arrows we use to repre-
sent particles and vectors or the but-
tons and sliders we use for controls.
Liberal use of drop shadows (even for
some objects, like electrons, that don't
really have shadows) further enhances
the illusion.

The major drawback with these tech-
niques is in loading time, as they often
require extra images to be imported
over the net. Loading times can be
minimized with the use of JAR formats,
but so far we have avoided this
approach because of the scarcity of
JAR compatible browsers.

Another important component in
achieving tactility is to design applets
in which the user interacts with the
simulation itself, rather than merely
adjusting sliders and pressing buttons.
Although this approach is not always
practical, we try to use it whenever
possible because it makes the objects
feel even more real. Furthermore,
screen controls almost always imply a
finite number of possibilities for the
applet, while interaction with the com-
ponents themselves vastly increases
the variability of the simulation.
Pedagogically, this leverages the same
advantage that a Lego set has over,
say, a toy truck or plane. Flexibility
encourages experimentation and thus
extends engagement.

Java was pretty much the only lan-
guage choice for Physics 2000, given
our requirements for multi-platform
compatibility and integration with the
Web. However, it is worth mentioning a
few of Java’s strengths and weak-
nesses. Perhaps Java’s greatest asset
is its smooth handling of graphics. It is
a relatively simple process to import
transparent GIF images and animate
them, creating rather complex simula-
tions with minimal effort. In addition,
Java makes it extremely easy to
convert between images and integer

arrays, allowing for a variety of algorith-

mic image manipulation. Although the
language itself supports alpha (trans-

parency) channels, current implementa-

tions don't support intermediate alpha
values, only complete opacity or trans-

parency. However, the ability to generate
non-rectangular images is very useful.

Ignoring for now the bugs in various
Java implementations, the single great-
est limitation in Java is the inability to
graphically step outside the bounds of
the applet to draw on the surrounding
Web page. In other words, when you
define a region for the applet on the
Web page, the applet is not only stuck
within those confines, but also text or
images from the page can not intrude
inside that region. Changing this
design flaw with the addition of just a
few methods in the Java language
would not only allow much more visual-
ly interesting effects, but would also
save significant page real estate.
Imagine a model of the atom where the
electrons fly out in huge orbits across
the rest of the page. (For an example
of how this would look, see the applet at:

www.colorado.edu/physics/2000/applets/
newhome.html)
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The Physics 2000 Project: Interactive Physics on the

World Wide Web

Comments from users of the site:

“Your site illustrates the power of Java
applets to make complex subjects
come alive in a way that visitors, young
and old, can understand and appreci-
ate. | hope that you and your team will
be able to create more experiences of
this quality in the future”

Ramon Lopez, Director, Education and Outreach,
The American Physical Society, Washington, DC

“l am a high school physics teacher in
Highland, lllinois. This site is

terrific. | have been looking for some
way to use the computer to enhance
the learning process, but | have found
that most programs and sites seemed
to be unfriendly and inaccessible. This
site is fantastic! | can't wait to let my
students know about the site and have
them begin to explore for themselves.
Keep up the good work. Thanks for

your hard work!”
Cliff Parker

“I'm a second-year student at the
University of Michigan, and I'm current-
ly taking a course in 20th Century
Concepts of Space, Time and Matter.
My professor put links on his own Web
page to your Web page, and I've found
it to be extremely helpful. | think it's
creative and instructive at the same
time. | never realized what a good job
cartoon characters could do of teaching
Quantum Physics! Thanks for your help!”

Peter Handler

1 www.olorado.edu/physics/2000

2 www.colorado.edu/physics/2000/
xray/index.html

3 www.colorado.edu/physics/2000/
tomography/x _rays.html

4 www.colorado.edu/physics/2000/
bec/index.html

5 www.colorado.edu/physics/2000/
waves_particles /wavpart4.html
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Fluoroscope applet. (A tactile applet for all ages.)



Schroedinger and Bohr atom applet. Click on an
orbit to induce a transition involving a photon.
(Modern physics applet for advanced high school
or undergraduate college physics.)

Bose-Einstein condensate applet. Magnetically
trapped atoms are evaporatively cooled to low
temperatures, producing a new state of matter.
Lower the trap height to “evaporate” the fast
atoms. (A modern laboratory achievement made
understandable to the general public.)
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The Ceren Web Resource: Enabling Students to
Become Anthropologists In A Virtual Site

Using content from the University of
Colorado Anthropology Department
and our own knowledge of multimedia
system development at the College of
Architecture and Planning, we are
developing interesting, informative, and
interactive Web learning resources. Our
topic: an anthropology site called
Ceren, an ancient agricultural village in
western El Salvador buried by volcanic
ash over 1,400 years ago. Our goal: to
create a virtual anthropology site on
the Web, with interactive QuickTime
VR, interactive database search tools,
image applets, and detailed computer
renderings of what the site may have
once looked like.

Currently in use by anthropology classes
at the University of Colorado, the Ceren
Web Resource incorporates an array of
Web multimedia technology to link visual
images with original excavation text,
notes, and discoveries. The Ceren Web
resource has attempted to lead the way
in exploring the use of hypermedia tools
in education. We aim to go beyond a
tour of ancient buildings and enable
students to begin to think and act like
anthropologists. Using the Ceren site,
students can participate in the excava-
tion process as on-location anthropolo-
gists, putting together the puzzling
pieces of what ancient household life
in Meso-America was truly like.

Jenniffer Lewin, Mark Ehrhardt, and
Mark D. Gross

Sundance Laboratory for Computing in Design
and Planning

QuickTime VR Panoramic Image from the Ceren Web Site

The Ceren Village

Discovered in 1978 by anthropologist
Payson D. Sheets and registered on
the UN Heritage list, Ceren has been
acclaimed the “Pompeii of the New
World” [Sheets, 1992]. Due to a sud-
den volcanic eruption, villagers fled the
ancient site leaving everything as it had
been used in daily life. The volcanic ash
prevented decay of all objects. Thus
Ceren offers a detailed and exciting

Computer reconstructions of structures 6,
1, and 12 (top to bottom). Each are
household living structures at Ceren.
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view of ancient household life. The
Ceren Web site provides a detailed
understanding of the ancient structures
through computer reconstructions
linked to the original excavation text,
notes, and data. Used as part of a
hypermedia system, computer graphics
go beyond static illustrations and
become powerful and informative tools
for teaching and learning anthropology.
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A Shockwave slide presentation on the Web site
showing an excavation image of Structure 12.
Structure 12 may have been used to train a
female shaman.

Information in Context:
Linking Images and Interpretation

Although animation and computer
graphics create exciting imagery and
help students understand what the
ancient structures may have once looked
like, without a strong connection between
an image and the field data that the
image is derived from, students cannot
fully understand the site. The Ceren
Web site presents images in context.

For example, using QuickTime VR and
interactive movies, students can navigate
an interpretation of one of Ceren’s
many structures. Each movie presents
numerous artifacts. When selected,
each artifact displays text including the
artifact type, specific excavation notes,
dimensions, and an excavation photograph.

If students decide to study a particular
subject or artifact further, they need
not leave the image and movie they are
in. Pop-up applets allow students to
enter a discussion group, post questions,
search over 300 pages of online exca-
vation notes and reports, search an
image database, or view an interactive
slide show on the structure.

Clues Guide Learning Exploration

Each page in the Ceren Web site
contains an instructor comment area
for clues and questions that prompt

students to explore a particular subject.
For example, viewing the QuickTime
VR or a movie file for household 1, a
student finds the following questions
from the instructor:

“It was a surprise to us to find that
household 1 had more than 70 ceramic
vessels. Do you know of any house-
holds, in your experience, with that many
containers? What is the range of uses
to which ceramic vessels can be put?”

Answering this question requires a student
first to browse the site, looking at inter-
pretations and arguments made by
professional anthropologists who have
written about the site. This process, which
requires students to do more work than
if they merely looked up the answer in
their textbook, engages them more
seriously in questions of anthropology.

Pilot Study of Learning Effectiveness

Our pilot studies with students of
anthropology and architecture revealed
several advantages to the Web site
over the traditional textbook. First,
students are more interested in using
the system. Students preferred the sys-
tem for both its graphical interface (the
information was easier to understand
when used in conjunction with inter-
active images), and second for its

accessibility. Students could use the
site at home and access excavation
data that were in most cases difficult
to find. Because anthropologists use
the Ceren Web site to create archives
of their current research, the Web site
contains the most comprehensive and
up-to-date material on Ceren.

Second, students who used the Ceren
Web site demonstrated a greater
understanding of the spatial and archi-
tectural attributes of Ceren.

Making it Easy for Teachers to
Author the Web Site

The Ceren Web site allows teachers to
easily change the content of the site by
filling in forms online. Thus teachers
can update textual information, add
new notes, add new artifacts, or add
homework assignments. While students
view an interactive site with movies and
textual links, instructor with almost no
technical expertise can log on to a
back-end version to add information,
update, or make changes. This allows a
teacher to change the system daily to
fit class needs, and avoids limiting site
design to Web developers.
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Top left: A QTVR
movie showing a
different portion of
the room

Below: The map of
Structure 12

Top right: A pop-
up slideshow on
Structure 12,
with notes from
instructor

Below: A pop-up
text search window
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An Interactive Course on
Fractals and Chaos

This paper describes a course that
teaches fractals and chaos via signifi-
cant student interaction with computer
software. The course was developed
and taught jointly by the authors (a
computer science faculty member with
expertise in computer graphics and a
mathematics faculty member with
expertise in chaotic dynamical sys-
tems). Exercises for students to investi-
gate properties of chaotic dynamical
systems were developed for computer
algebra systems (Maple and
Mathematica). Interactive computer-
graphics-based software developed by
the instructors provided the ability for
students to investigate fractals. Lecture
material provided the theory on fractals
and chaos and the relationship
between them. Project work allowed
the students to reinforce their under-
standing of the concepts. Students
learned both mathematical and com-
puter graphics concepts in the course,
and could receive course credit either
in mathematics or computer science.

Introduction

Ever since Mandelbrot popularized
fractals, students of mathematics have
been intrigued by the theory behind
them. Likewise, students of computer
science, and especially computer
graphics, have been engrossed in the
beauty of fractal images. It wasn't long
before students requested courses to
learn about fractals and chaos, from
both mathematical and computer
graphics perspectives.

For several years, each of us has been
teaching special topics courses on this
material within our respective depart-
ments. The computer science course
covered fractals from a computer
graphics perspective but included
some mathematics for theory. On the
other hand, the mathematics course
was mostly theoretical, using some
simple computer graphics programs to
demonstrate fractals as examples of

Cary Laxer
Department of Computer Science

chaotic dynamical systems. In our dis-
cussions, it became apparent that the
two courses could benefit from each
other. Thus, we decided to develop a
single course covering fractals and
chaotic dynamical systems that we would
teach together. The course would be
cross listed in both departments, and
students could earn either computer sci-
ence or mathematics credit for the course.

The Course

We each received a one-course release
in the winter term of the 1996-1997
school year to develop the syllabus and
class materials for the new course,
which was taught for the first time in
the spring 1997 quarter. As a unifying
theme, we chose to concentrate on
dynamics of the quadratic map

g z2 + ¢). This enabled us to learn
about graphical analysis of maps,
controlling chaos, Cantor sets, fractal
dimensions, the Mandelbrot set, and
Julia sets. To add breadth to the course,
iterated function systems, random
fractals, and other maps were studied
as well. We chose “Chaos and Fractals:
New Frontiers of Science™ as the
reference book for the course because
of its readability and broad coverage of
the discipline.

Our primary goal was to get our stu-
dents motivated to learn about fractals
and chaotic dynamical systems. Since
most of the topics are motivated by
computer graphics, we developed soft-
ware for the students to help them
understand the course material. This
included demonstration software (for
observing and exploring properties of
fractals and chaos) and software for
students to modify as part of an
assignment. In addition, we developed
explorations with computer algebra
systems (both Maple and Mathematica)
so that our students could understand
the underlying computations involved in
creating the fractals. Since the course
met in a classroom equipped with com-
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puter workstations, these computer
algebra explorations could be done
during class time in conjunction with
the corresponding lecture material.

To allow the students to explore the
Mandelbrot set and Julia sets and the
relationship between them, we devel-
oped an interactive software product
called MandelbrotExplore (written in C
using OpenGL on SGI workstations).
The program displays four windows
on the screen (see Figure 1). In the
upper left window, the Mandelbrot set
initially appears. Students can, through
use of the mouse, select a region of
the Mandelbrot set to zoom in on and
explore. By clicking on a point in the
Mandelbrot set window, the Julia set
for that point is generated and dis-
played in the upper right window.
Students can zoom in on regions of the
Julia set as well. Clicking on a point in
the Julia set window generates the
orbit for that point and displays the
orbit in the lower left window on the
screen. The lower right window is
intended for showing numerical values
for orbits inside the Julia set window,
although it is not yet functional.
(Source code, instructions on how to
compile and use the software, and
additional example screen shots can be
found on the CD-ROM.) In addition to
being a powerful research tool, the program
provides computer science students
with a complex (no pun intended!)
example of how to produce fractals.

It is crucial to have a good comprehen-
sion of bifurcations to understand the
Feigenbaum diagram as well as the
Mandelbrot and Julia sets. To build this
comprehension, we spent a fair amount
of time exploring bifurcations with a
computer algebra system. In addition to
computing bifurcation values, the com-
puter algebra system enabled students
to find formulas for and graph the
curves in the Feigenbaum diagrams.
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Figure 1 Screen image of the MandelbrotExplore program, an interactive software product that allows the
user to explore the Mandelbrot set and Julia sets and the relationship between them.

When studying complex maps, students
could repeat numerical computation of
complex-valued orbits, and even deter-
mine the equation of the largest bulbs
of the Mandelbrot set for the quadratic
map, as shown in Figure 2. The computer
algebra system was also used to
understand the action of affine maps
to help understand how iterated function
systems worked. We also spent time
learning how to control the chaotic

quadratic map. Figure 3 shows a Maple
worksheet in which the unstable period
two orbit of the chaotic quadratic map
is controlled by the OGY technique.?

Results

Enrollment in the first offering of the
course was 19 students, consisting of
computer science majors, mathematics
majors, and a few engineering majors.
Students were motivated to learn several
major topics in the course, including:

Figure 2

A Maple worksheet
showing the equa-
tions and graphs for
the largest bulbs of
the Mandelbrot set.

» Complex algebra (through
Mandelbrot and Julia Sets)

e Computer graphics

* |teration (through dynamical systems
and feedback)

« Bifurcation theory (through the
Feigenbaum diagram and
Mandelbrot Set)

» Cantor sets and countability

* Probability (through Brownian motion)

Students especially liked the week
spent on controlling chaos. The computer
algebra system was especially useful
for helping students understand the
underlying computations to control
chaos. Our time and energy was devoted
to the Mandelbrot set for the quadratic
maps, but once students realized that
there are other Mandelbrot sets (and
subsequent families of Julia sets), the
graphics-minded students seemed
especially interested in working beyond
the course to discover the shapes of
Mandelbrot sets for other maps.

Conclusion

The course is now being offered
annually as a joint elective within both
the mathematics and computer science
departments. Enrollment for the spring
1998 term is 19 students
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Figure 3

A Maple worksheet
showing the un-
stable period two
orbit of the chaotic
quadratic map
controlled by the
OGY technique.
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The Art and Science of Multimedia: An Interdisciplinary

Approach to Teaching Multimedia at a Liberal Arts College

Abstract

At Wellesley College, very rarely do the
Fine Art and Computer Science faculty
cross paths. At least that was the case
until last year when we taught an
experimental course that brought
together the work we were doing in
our respective corners of multimedia
into one class. The course was taught
for a second time in the spring of
1998 semester and has been incorpo-
rated into the curriculum. This paper
describes our experience organizing
and teaching such a course.

An Interdisciplinary Course

With the growth of multimedia, the
boundaries between traditionally un-
related disciplines have blurred, requir-
ing the collaboration of computer pro-
fessionals, artists, engineers, and schol-
ars from all fields. Likewise in teaching
a multimedia course, we believe that
collaboration is an optimal format to
thoroughly cover the diverse compo-
nents of multimedia and to create an
effective climate in the classroom for
students and faculty to pool their skills
and experience. With that in mind, we
selected a diverse group of students,
primarily from Art and Computer
Science majors, but also students from
other majors who had some experience
in Computer Science or Art. Students
worked in pairs on a semester-long
project to produce an interactive multi-
media project on a topic of their choice.
They were grouped according to their
skills, so that ideally each team would
have a complementary set of skills.

The project was taken from conception
to publication on CD-ROM, including
research, storyboarding, navigation,
interactivity, user interface design,
screen design, typography, illustration,
effective visual presentation of informa-
tion, mixing of media (sound, animation,
stills, video), user testing, and debug-
ging. The projects were published on
CD-ROM at the end of the semester.

The collaborative nature of this project
accomplished several objectives:

* The collaborative arrangement
fostered an atmosphere of coopera-
tion and communication, teaching
students to work together effectively,
important skills that often get over-
looked in a competitive environment.

 Collaboration mirrors the process of
multimedia production in the “real
world” On a practical level, this
meant that students were able to
fully realize a significant project
within a limited amount of time.

 Finally, it set up a structure for peer
learning; students helped their
partners to learn the concepts that
were new to them. There was a
healthy give and take.

Working Models

The teams took several approaches to
the division of labor. One team opted
for maximum efficiency toward the goal
of producing a very ambitious, complete
product. These students split the work
evenly between programming and
design, according to the skills of the
two students involved. Their project
was indeed very successful, but both
students admitted that they would have
learned more if they had each done some

of the programming and some of the art.

Another team chose the opposite
approach: they split up the sections so
that each student was responsible for
both the programming and the art for
her sections of the project. Good com-
munication was necessary to keep the
project consistent, but much of the
work was done independently. The
resulting project was excellent, but in
this case, the benefits of the collabora-
tion experience were concentrated in
the design period. Nonetheless, this
could be the method of choice for a
team that does not really see eye to eye.
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A third working model was best
represented by the team whose credits
listed one partner as the Senior
Designer and Junior Programmer,

and the other partner as the Senior
Programmer and Junior Designer.
Most of the teams took this approach,
which we believe produced a greater
educational benefit than the other two.
Clearly, this model is the one the
instructors prefer and encourage.

The first time we taught the course, we
had left it up to the students to deter-
mine their own strategy. With hindsight,
the second time around, we are focus-
ing more attention on the collaboration
process. The one issue that tends to
arise is the equality of effort invested
by the partners. We have recommend-
ed that students create a contract that
can be reassessed at any time
throughout the semester so that no
one student feels like she is doing all
the work. At the first sign of communi-
cation problems in a partnership, we
suggest a meeting with the instructors
to mediate.

Another issue that needs to be
addressed in student collaboration
projects is whether or not to permit
students to choose their project
partners. We had permitted such part-
nerships in the past in other computer
science courses that were not as
intensive as this one. The first time we
taught this course, two of the teams
were self-selected pairs of good
friends. Although they did have comple-
mentary skills, we found that it did not
seem to be an advantage to have
friends working together in a demand-
ing project. In fact, these two teams
produced projects that were below
their perceived abilities, and not as
successful as the others. Our theory is
that when the project needs to “go into
overdrive,” friends will not push friends
until it is too late. The second time
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around, the instructors formed the
teams according to their perceived
abilities and did not allow the students
to switch partners once we made the
assignments.

In an effort to facilitate peer learning
and interaction early on, we structured
several short assignments that required
work in small groups at the beginning
of the semester. At the first class ses-
sion, the students were divided into
groups of four and given a selection of
professional-level multimedia applica-
tions to assess. They had to interact
among themselves before presenting
their analysis to the whole class.
Exercises of this nature help to facili-
tate the group process for students
who have been well trained for (are
more attuned to) independent work in
a classroom environment in which they
are in direct competition with their
classmates.

Throughout the semester, work-in-
progress critiques are scheduled,
which function according to the model
of studio art critiques. It is stressed that
students’ participation in the role of
feedback provider is just as critical as
their participation in the role of presen-
ter. The critique encourages further
interaction among the students, involv-
ing them in the progress of the other
projects. While the art students are
well accustomed to this format, the
computer science students need some
adjustment to this process. This is
probably due to the fact that, despite
Knuth's teachings, Computer Science
students often think in terms of a
correct or incorrect program, and rarely
in terms of programming elegance.

The critique sessions also proved to be
a good time to incorporate discussion
of methods of user testing in real world
multimedia production. This was espe-
cially useful last year, since we did not
have sufficient time at the end of the
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semester to adequately address user
testing. This should not be a problem
this year, as we have increased the
length of the class sessions.

Course Contents

It should be stressed that the course
was not solely focused on production.
Although the students necessarily
required substantial instruction in tech-
niques and skills, there was a major
focus on the theory behind the design
and the programming. This theory was
presented, of course, from two very
different (sometimes conflicting) view-
points, reflecting the instructors’ experi-
ence and background. Interestingly, the
students viewed this as one of the
more notable positive characteristics of
the course. We have divided the course
into five major components, which are
presented in an interleaved fashion.

The first component provides an
overview of multimedia through case
studies and introduces programming
methodologies for Lingo, Macromedia
Director's programming language, used
throughout the course.

The second component presents the
theory behind the development of
hypermedia, including principles of
user interfaces and visualizations of
quantitative information, navigation
techniques, story development, and
storyboarding. We also address

the appropriateness of multimedia
applications for the intended purpose:
for instance, when should a book be a
book?

Design issues comprise the focus of
the third component of the course,
addressing issues of typography,
design fundamentals, and color theory.

The fourth component is concerned
with media technology and offers
the hands-on skills and background

material for working with images,
sound, video, and animation.

The final component of the course
considers a philosophical perspective
on multimedia, touching upon the
impact of technology on publishing, art,
education, communication, ethics, and
society in general. If there is time and
student interest, the course discusses
the World Wide Web and related
issues.

Taking advantage of the growing activi-
ty in multimedia in the Boston area, the
classwork and presentations were sup-
plemented by field trips to multimedia
research labs and local companies.
Students met with multimedia profes-
sionals (digital artists, computer anima-
tors, multimedia developers) and saw
the development process in action.

We have made a few changes in the
structure of the course this semester
as we teach it for the second time. We
have doubled the contact hours of the
course and organized it in a laborato-
ry/studio format. The first 70 minutes
of a two-and-a-half hour period is
designated for lecture, while the
remaining time is dedicated to hands-
on tutorials, workshops, and interaction.
We now utilize a high-tech room
containing 16 top-of-the-line Macs,
one per student in the course (last
year, students shared computers).

We also make use of other computing
facilities on campus.
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The Art and Science of Multimedia: An Interdisciplinary

Approach to Teaching Multimedia at a Liberal Arts College

The Projects

The topics chosen by the class were
very diverse in subject and in audience.
We mention here selected projects
implemented the first time we offered
the course. A complete set can be
found in the course's Web site:

www.wellesley.edu/CS/
courses/CS215/frame.html

* “Language Diversity at Wellesley
College”

The student population at Wellesley
College comes from many countries
around the world. This team interviewed
students whose native language was
other than English, videotaped them
saying the phrase “| love you” in their
native languages, and provided a
means for the user to learn to say the
phrase. Users could record their own
voices and play them back for compari-
son with the native speakers. The stu-
dents also presented writing samples
in each of the languages, using a pen-
pal metaphor. World maps indicated
where the language is spoken, and
seamless montages of background
images provided a flavor of the various
cultures represented. This was a beau-
tifully designed interface with engaging
original artwork. (See Figures 1-4)

+ “Souls’ Midnight”
In this children’s adventure game, the
premise is that twin sisters enter a
haunted house. One disappears; the
other (the game player) must explore
the house looking for clues to help
save the sister from the evil that befell
her. This is another project in which
the original digital paintings of each
room in the house are striking. These
students composed original music for
their project. (See Figures 5-6)

* “Deluxe Hotel”

This project is about cocktail-lounge
music and culture. The interface is a
hotel elevator from which the user can
visit four lounges. In each lounge,
music of the 40s is performed, accom-
panied by an animation sequence.
Every time the user returns to the ele-
vator, a random selection of [elevator]
music of the period is played. Graphics
are beautifully done. Recipes for popu-
lar cocktails are provided, as well as
information about the music.

¢ “The Fractal Factory”

This project presents the novice with
an introduction to fractals. The inter-
face uses the metaphor of a factory.
The user signs in on a time card and
then has the option of proceeding to
the archives (where fractals are
explained, accompanied by animated
examples of fractals), the Observation
Deck (where one can observe fractals
as seen in nature), or the fractal
machine. It is the latter feature that
flaunts the programming talents of
these students. The user enters values
for the various parameters requested
and then watches as the Fractal
Machine creates the “custom-made”
fractal on the screen in real time. While
every project required problem-solving-
skills in order to break down the
problem into manageable, communi-
cating pieces and implement them in
independent modules, this project
required more serious programming in
order to calculate and display the
custom fractals on demand. (see
Figure 7-8)

e “Tunnel Vision”

A nightmarish experience in which the
user explores the underground tunnel
system below the college campus.
Interactive animation sequences and
effective use of sound effects await
tunnelers as they try to find a way out.
It is rigged so that no one can find a
way out!
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Overall, the students initially aimed very
high in their project proposals and had
to scale back in order to realistically
accommodate the time constraints of
the semester. Nonetheless, their excite-
ment and motivation to realize their
ideas was very high. Some groups set
out to prove that they could indeed
accomplish their original proposal in
spite of our warnings, and in fact, they
did.

The students worked in a small lab in
the Art Department. While it was not
the ideal setting, it was, a place in
which they were the primary, nearly
exclusive users. Working in close
proximity, the students were witness to
the development of their classmates’
projects, and often became directly
involved in the other projects during
the brainstorming, troubleshooting, and
critiquing sessions that happened
spontaneously at all hours of the night.
Excitement about the projects escalat-
ed as the deadline for completion
neared. By the end of the semester,
the collaborative effort had extended
beyond the individual teams. Thus, the
CD-burning party was a celebration of
a collective accomplishment. Before
burning the CD-ROM, the projects
were linked through a single interface
giving them a unifying theme. (see
Figure 9)



Course Development

The idea for an interdepartmental
multimedia course was conceived at a
reception for faculty publications, when
the instructors discovered, not quite by
accident, that their teaching interests,
projects in multimedia, and in fact, list
of students, significantly overlapped.
Both of us were faculty advisors for an
increasing number of students propos-
ing independent majors in Media Arts
and Sciences or Multimedia Studies.
These students were enrolling in rele-
vant courses from the Art, Computer
Science, Sociology, Music and
Philosophy departments to piece
together an independent program of
study. Others were double majoring in
Art and Computer Science, fulfilling the
hefty requirements of both depart-
ments. Both of us had come to recog-
nize that there was a great gap in the
curriculum,

The Art Department had only one
related course: a relatively new course
in Electronic Imaging, in which the
computer is used as a fine art tool.
Some sections of two-dimensional
design and photography classes used
the computer for portions of the
coursework. Students from these
courses, excited by the technology,
wanted more. Several students did
animation projects as an extension of
their work in Electronic Imaging, but
teaching animation was beyond the
scope of that course. The only options
for further study of digital media within
the Art Department were independent
study projects or thesis projects.
Furthermore, it was clear that these
students would benefit from input from
the computer science department.

Meanwhile, Computer Science was
offering two courses aimed at different
groups of students: an introductory
computer science course culminating
in Hypercard projects while focusing
on human-computer interaction, inter-
activity, and functionality, and a tradi-
tional Computer Graphics course with
a significant 3D design component.
The Computer Science instructor felt
that students could very much benefit
from some guidance in the design of
their projects, but it was beyond the
scope of his course and the ability of
the instructor.

We agreed that students in both
departments needed a course in multi-
media as a logical next step in their
studies. We recognized that a multi-
media course offered by the Computer
Science department would be very
different from a course of the same
name offered by the Art Department.
While there are merits to teaching
within a single discipline, we were
interested in exploring the possibilities
of teaching with a multi-disciplinary
approach, aiming for a richer classroom
experience for the students. Thus we
joined forces and applied to Wellesley
College’s Educational Research and
Development Funding Committee for
support of an experimental multi-
disciplinary course in multimedia.

Ideally, our course would be but one
of a cluster of related courses. The
students who would take the multi-

media course would already have taken

courses in electronic imaging and
programming. There would also be
courses in animation and desktop
video. Unfortunately, adding courses in
a tight curriculum is an interdependent
process, particularly complicated when
departments are required, as in our
case, to keep their number of course

units constant. Despite these difficul-
ties, with the help of many excited
students and with the support of the
administration and the two depart-
ments involved, we managed to intro-
duce the new course into our curriculum.

The interest among the student body is
overwhelming. The number of students
applying for this course grew from 60
applicants last year to 100 this year,
from which we could accept only 16.
Moreover, the students who took the
course last year have continued to pur-
sue their interest in multimedia both on
and off campus. Most of the graduating
seniors refocused their plans, and now
pursue jobs and internships in multi-
media. Those who are seniors this year
are doing theses and independent
study projects related to multimedia.
Others are working on projects helping
faculty to develop educational applica-
tions for their classes.
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Conclusions

Liberal arts colleges are faced with the
problem of balancing an increasing
demand for new courses in rapidly
evolving fields, such as multimedia, with
limited resources with which to develop
a new program of study. By joining
forces, we were able to bring a multi-
media course into existence via an
experimental route. But the interdisci-
plinary approach of ARTS215/CS215
provides more than a quick fix to a
logistical problem. The unique climate
of an interdisciplinary course fosters
the cross-fertilization of ideas,
appropriate at liberal arts colleges with
and without full-fledged multimedia
programs.

The results of our experimental course
far exceeded our expectations for the
excellence of the projects, the motiva-
tion of the students, and the impact
on the students in their subsequent
studies and career paths. In the
process, the students learned a great
deal not only about multimedia, art,
and computer science, but also an
important lesson about the nature and
benefits of collaboration, a subject
often overlooked in today's increasingly
competitive society.

The collaboration of faculty proved to
be a beneficial learning experience in
and of itself. It is clear that artists and
programmers have very different
methodologies. We have both learned a
great deal from working together. A
welcome by-product of the endeavor
was the exchange of art and computer
science ideas, which has subsequently
inspired our collaboration on other
multimedia projects unrelated to the
course.

Figure 1 “Language Diversity at Wellesley College,” opening screen

Figure 2 “Language Diversity at Wellesley College, index of languages. For each
of these languages, a writing sample is provided, as well as a world map indicat-
ing where the language is spoken.

Figure 3 “Language Diversity at Wellesley College;” a transliterated Russian letter.
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the user is taught to say “I love you” in Yoruba, with assistance from a native speaker.

Figure 6 “Souls’ Midnight” the Library. The brick is a movable sprite that was Figure 7 “The Fractal Factory:” The Fractal Machine shown here is creating a
found in the haunted house. The mystery is solved when it is restored to its place custom-made fractal.
in the library.

Figure 8 “The Fractal Factory,’ the completed fractal. Figure 9 “The Art and Science of Multimedia,” the interface of the CD-ROM
from which all the projects can be accessed.
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“Another factor... is technical
‘convergence’ of computing,
telecommunications, and media
into an emerging digital format...”

“In from the Margins”

A contribution to the debate

on culture and development in Europe.
Published by The Council of Europe.

Introduction

In 1992, | and a number of colleagues
were tasked with designing and sub-
sequently implementing a new
Bachelor of Arts with Honours degree
program (BA Hons) which was to build
upon the strengths of our existing provi-
sion within the areas of graphic design,
photography, and video production. This
new program had also to fit within the
College’s well established
Undergraduate Modular Scheme
(UMS) and was to be the first of the
arts and design areas within the institu-
tion to be integrated into the modular
scheme. At this time, a small group of
staff, including myself, were also work-
ing with a team of architects on the
design of a new Media Centre to be
built to accommodate the new degree
course.

This combination of circumstances
presented not only a challenge, but an
opportunity to re-assess the content,
structure, and delivery of the media-
related work offered within the institution.

Philosophy

The nature of the media industries has
changed dramatically over the past
decade and will continue to develop at
a tremendous pace as we move into
the next century. One of the primary
catalysts for this rapid development
has been the increasing use of and
dependence upon digital technologies.
This, in turn, has brought about
changes in employment patterns and
the skills requirements of those who
work within the media. Not only should

prospective media workers be confident
and proficient in the use of media tech-
nologies, but they need to be versatile,
adaptable, and open to a process of
continuing professional development
during their working lives.

Our media degree program would,
therefore, aim to equip our graduates
with the necessary subject-specific and
generic skills and knowledge to enable
them to gain meaningful employment
in their chosen areas of the media. We
set out to ensure that we could provide
a subject-specialist practical education
within an interdisciplinary learning envi-
ronment and a multi-disciplinary option
for students desiring more breadth to
their studies. At the same time, we would
aim to cater to the needs of the media
industry for technically and technologi-
cally competent, creative, flexible grad-
uates who can work independently or
collaboratively as part of a creative team.

Utilisation and application of new
media technologies were identified in
the early stages of development as the
essential components around which
the program would be structured. The
use of digital technologies that perme-
ate each of the separate subject disci-
plines was to provide a unifying feature
that would aid integration of the parts
into a coherent whole. This BA (Hons)
would offer graphic design, photo-
graphy, and video and audio visual
production with students empowered
to combine courses from across these
subject areas or able to concentrate on
a single subject specialism.

Modularisation and Course Structure

In order to appreciate the freedoms
allowed and constraints imposed upon
the development team by the UMS
itself, it is necessary to gain an under-
standing of the structure of the
scheme as it operates throughout

the other degree programs within

the institution.
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The aims of the UMS are:

 To provide a modular scheme
offering students a variety of flexible
programs of study in a range of
disciplines.

« To offer programs of study which are
intellectually challenging and which
prepare students for entry into a
wide range of occupations.

The units that make up an individual
student's degree program are “modules”
or courses with a particular practical or
theoretical focus. Full-time students
take 10 modules in the first year and
eight modules in the second and third
years. The additional two modules in
the first year cover generic study and
transferable skills such as, research
skills, time management, and infor-
mation technology skills.

The study time for each module is
spread over a single semester or 15-
week period such that a student would
be working on five or four modules
concurrently. This would produce the
typical undergraduate student time-
table shown in Figure 1. This pattern of
delivery was not thought by the devel-
opment team to be one which could
easily be adapted to meet the needs of
the new media degree program. The
spread of the teaching and learning
time over 15 weeks does not accurately
reflect the short deadlines and typical
working patterns and practices prevalent
within many media production disciplines,
which the staff wished to see emulated
within the program.

We were determined to design a
program that mirrored the professional
practices of the areas into which our
students would be moving on gradua-
tion, and we were not content to be
restricted and bound by the constraints
of a scheme designed to cater for pre-
dominantly theoretical disciplines.



Figure 1

The solution to the problem faced by
the development team was to break
the rules! A proposal was put forward
to develop “short fat” modules (no
sizeism intended) for delivery of the
practical coursework and to run these
alongside the “long thin” modules that
provided the theoretical underpinning
for the program. The practical modules
were to be delivered in a sequential
manner, allowing for gradual building of
skill levels and conceptual understand-
ing throughout the academic year

and from one level to the next. The
proposed structure of the program is
shown in Figure 2.

Figure 2

The team recognised that the proposed
structure (Figure 2) had one distinct
disadvantage compared with the tradi-
tional UMS model (Figure 1). The
timetable disparity caused by the deliv-
ery of the practical modules in five- or
six-week blocks would preclude non-
media-specialist students from access-
ing these modules. This exclusion

runs contrary to the UMS objective of
providing a high degree of permeability
across the Scheme and facilitating
access to areas other than the
student’s specialist disciplines:

“To encourage students to appreciate
the nature of attitudes, modes of
thought, and practices of disciplines
other than their specialist areas”

Undergraduate Modular Scheme
Educational Objectives

However, the development team felt
strongly that the advantages of the
“short fat” modules (their reflection of
the working practices of much of the
media industry and their intensive periods
of design and production work for our
students) far outweighed the lack of
permeability afforded by the proposed
structure. After much debate and
agonising by the UMS Management
Team, the proposed structure was
accepted as the basis for development
of an interdisciplinary media design
program — in effect, a small modular
scheme for media students operating
within the wider UMS.

Curriculum Design and Digital Technologies
- The Starting Point

In designing a curriculum to meet the
needs of graduates entering an
increasingly complex and changing
media industry into the next century,
we recognised that integration of design
for and using digital media technologies
should be a primary aim of the devel-
opment team. Each of the disciplines
to be represented within the program
had previously engaged, to a greater or
lesser extent, with computer technology
in the content and delivery of each
subject syllabus, and the staff acknowl-
edged the inevitability of increasing
engagement in the years ahead.

The graphic design program that existed
prior to the development of the new
degree program relied heavily upon
computer technology, not only for the
design and production of artwork for
print media, but in the design and
presentation of computer-based infor-
mation resources at a time when

very few programs in the UK were
addressing issues of design for inter-
active screen-based media. A network
of Macintosh computers with associated
image capture and output devices
formed the basis of the design and
production studio. Our advertising and
editorial photography program had a
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well-established reputation within the
British Institute of Professional
Photographers and UK Association of
Photographers for excellence in the
provision of photographic education. In
the early 1990s, the photography team
were just beginning to address the
demand for digital imaging and manip-
ulation within the program and were
starting to utilise computers to enable
their students to show their images
within the context of the media for
which they were intended.

The extent of the video and audio/visual
work within the College was very limited,
but computer-programmed tape-slide
productions were being produced, and
there was a growing realisation that
digital editing of video and audio
sequences would have to be catered
to within the new development.

Clearly, a substantial investment was
necessary in both the Media Centre
building itself and the hardware to
equip it, if the proposal was to be suc-
cessful. The College determined that
an innovative media provision was a
worthwhile investment for the future,
and the program was validated for a
first student intake in September 1993,
A month later, the Media Centre was
officially opened by film producer Lord
David Puttnam. The title of the qualifi-
cation is a Bachelor of Arts with
Honours in Professional Media with
the specialism added for students
who achieve a requisite number of
subject-designated modules such as
Professional Media (Graphic Design).

The Professional Media Module Map

The modules developed and now
offered to students are represented in
College documentation in the form of a
“map” or plan of the three levels of
study. All modules are available to all
students registered in the program
provided that they have taken and
passed any prerequisite modules

deemed necessary at the lower level of
study. For example, any student,
regardless of the specialism for which
they are registered, may take a Level Il
video module provided that they have
taken the Level | video module that
provides the required knowledge and
skills to underpin the more advanced
work. For the purposes of this paper,
information regarding prerequisites,
compulsory modules, and award
requirements is not included on the
map. In order to simplify and maintain
clarity in the presentation of the map,
the Study Skills modules shown in

the earlier structure diagrams and the
theoretical modules (the “long thin”
modules), including the dissertation,
have also been omitted.

Figure 3

Laying the Foundations

The Media and Technology, a theoreti-
cal module compulsory for all
Professional Media students, explores
the social, cultural, and practical issues
around development and exploitation of
digital technologies within broadcast-
ing, the leisure industry, print media,
information design, and education. The
Media and Technology module lays the
foundation stone in establishing the
concept of the convergence of com-
puting, communications, and media
through digital technologies upon

54 Educators Program Conference Abstracts and Applications

which many of the principles surround-
ing the content and delivery of the
program are built.

All students in our media program
also receive tuition in Information
Technology skills within one of the
Study Skills modules. This module
instructs students in the use of scanners,
printers, text, page-composition
software, spreadsheets, databases,
and research methods.

These two modules provide the core
introductory knowledge and skills to
enable students to profit from the more
complex and involved computer design
and production work and media theo-
ries covered within later modules.

All Professional Media students take
each of the introductory modules in
photography, graphic design, and video
in the first semester of Level |, giving
each student an insight into the work-
ing methods and practices associated
with disciplines other than their own.
The organisation of the curriculum and
availability of module options within
the timetable has been designed to
enable each student to work across
the range of disciplines or to follow

a well-defined subject-specialist
pathway in Levels Il and Il1.



Practical Options

Many of the practical modules afford
the opportunity for the tutor to present
a variety of project briefs with the
intent that students can choose the
brief that most closely reflects their
own interests and enables them to
develop the skills needed in pursuit
of their individual career goals. For
example, the module Idents and
Campaigns might include an oppor-
tunity for students to work collabora-
tively on a piece of work such as a
television channel identification slot
through video or computer animation,
or to work independently on a public-
awareness advertising campaign
using any appropriate medium.
Typically, the tutor might set an anti-
drunk-driving campaign or an anti-
smoking campaign, which could be
presented in the form of designs for
48 x sheet posters or magazine page
advertisements. ‘Fagtastic’ (Figure 4)
and ‘Lethal Weapon’ (Figure 5) show
single elements of the different solu-
tions presented by two students for an
anti-smoking campaign aimed at the
teenage population. It can be seen
from these examples that there is the
potential for a tremendous amount of

overlap in the type of work required
from and produced in response to the
briefs set within different modules.
‘Lethal Weapon’ might easily have been
produced within the modules Image
Manipulation or Advertising Agency or
as an Independent Study module in
Level IIl.

Team Working

A distinct advantage of designing an
integrated media degree program
over traditional stand-alone subject
programs is the possibility of bringing
together the talents and skills of
students from different disciplines to
enable each to learn from the other
and to contextualise the work of each
discipline in relation to the others. The
development team wished to promote
a teamwork ethos that echoes the
multidisciplinary team approach
involved in much media production
work. It was therefore decided, at a

Figure 4 ‘Fagtastic’ by Nicholas Pauley (1994-97)

Figure 5 ‘Lethal Weapon’ by Trevor Warne (1995-98)

very early stage in the program devel-
opment, that modules would be
devised that were appropriate to the
work of two or all three of the major
subject disciplines. Every opportunity is
afforded for students to work as part
of a creative team. This approach is
designed to enable all students to work
to their strengths, to pursue individual
research interests, to produce port-
folios that reflects their own career
aspirations, and to place these individ-
ual aims within the context of the wider
media arena. Video and tape-slide are
the most obvious modules that require
group work, but the program tutors
endeavour to ensure that the team-
work approach is adopted in other
appropriate areas of the curriculum.
For example, the Advertising Agency
module outline states:

“Students will be given the opportunity
to form into creative teams of up to
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four members to work collectively
towards the formulation of an advertis-
ing campaign. The module therefore
encourages the interaction, in a live
sense, of team members such as an
Art Director, Copywriter, Photographer,
Typographer etc’”

Similarly, the Level Il Multimedia
Presentation module outline states:
“Students may work as part of a
design and production team within this
module. Each student or group of
students will research and collate the
necessary textual, graphic and photo-
graphic materials needed to assemble
their presentation. It is expected that
each presentation will utilise the
computer’s facility to integrate sound,
moving images, still graphic and
photographic images and animation
sequences in a single program”

The Use of Media Technologies
Computer-based information design
and multimedia are gaining a higher
profile within the program as students
start to appreciate the growth in
employment potential for graduates
with skills in design for interactive
media. To some extent, our program is
demand driven, not just by the needs of
the industry but by the way in which
students increasingly orientate their
work within the modules on offer. As
our students very often have a choice
in the output media they can use in
response to the design problems they
are set, it is easy for the tutors to
assess the areas of growth and
demand within the curriculum.

A wide variety of computer or screen-
based projects have been undertaken
within the program by students from
each of the subject disciplines. In the
summer term of 1997 a photography
major and a video major worked
together on a Web site design within
an Independent Study module, result-

Figure 6 Pittville Campus by Tim Geoghegan (1994-97)

Figure 7 Cheltenham Kiosk by Tim Geoghegan (1994-97)

ing in the video student gaining
employment in an interactive design
company on graduation. A proportion
of graphic design specialists choose to
work almost exclusively on computer-
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based work as they progress through
the program, experiencing design for
CD-ROMs, the Internet and interactive
kiosks.




Pittville Campus (Figure 6) shows a
screen shot of a prototype Web site
design for our own College produced
by a recent graduate, Tim Geoghegan,
who is now undertaking a Masters
program in multimedia design. Tim also
produced, whilst on the Professional
Media program, designs for an inter-
active tourist information kiosk for the
town of Cheltenham (Figure 7), an
innovative interface design for music
composition, and a number of tradition-
al and computer-animated sequences.
Another recent graduate, Richard
Elbaz, designed and produced a proto-
type of an interactive computer games
magazine for publication as a CD-ROM
(Figure 8), while other students have
designed an interactive mail order
catalogue, a virtual postcard, promo-
tional CD-ROMs for rock bands, and
interactive portfolios of their own
design work. These projects have all
required the individual student to
become familiar with, or to work with
other students who are already
competent with, image capture and

Figure 8 Fire by Richard Elbaz (1994-97)

manipulation through software such
as Adobe Photoshop, illustration soft-
ware, video and audio production and
capture, and basic programming using
Macromedia Director or HTML. Some
students have also needed to learn a
3D modeling program in order to
execute their designs.

All video students and most graphic
design students are now familiar

with the concept of the timeline and
digital storage and retrieval, either
through digital video and audio editing,
programming of tape-slide sequences.
or computer animation and interactive
work in Director. This enables each of
them to be able to communicate in the
same “technical language” with other
students who might form members of a
cross-disciplinary team.
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Image Manipulation

Initially, the Image Manipulation mod-
ules were planned to introduce photo-
graphy students to digital photographic
retouching and photo-montage

work. However, these modules have
proved so popular with graphic design
students and some video students that
additional runs of the modules have
been provided, and the range of
options available within them has been
expanded. Image manipulation as a
medium for illustration has become an
important element of the program,

with students keen to embrace the use
of computer technology to produce
interesting solutions to photographic
illustration projects.

Drink me (Figure 9) by Katherine Hood
combines traditional studio photo-
graphy with computer image manipula-
tion and is one image in a series of
illustrations for “Alice in Wonderland”
Image manipulation techniques are also
used within advertising campaigns,
book jackets, music CD or tape covers,
information design, and interactive
media. Absolut Dali (Figure 10), for
example, is one of a series of adver-
tisements for Absolut Vodka produced
by graphic design student Renee Le
Poidevin, which demonstrate the poten-
tial of digital technologies in enabling
students to successfully visualise their
advertising concepts.

Wherever possible and practical, staff
encourage students to contextualise
the work that they do. Photography
students are often required to present
their images both as photographic
prints and also as computer printout,
showing how the images would appear
with text applied as an advertisement,
within a magazine layout, as a book
jacket, etc. This approach to presenta-
tion of work is designed to familiarise
students with the working practices of

the broad range of media disciplines
and to enable them to appreciate how
their own discipline relates to others.
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Figure 9 Drink me by Katherine Hood (1995-98)



Figure 10 ‘Absolut Dali' by Renee Le Poidevin (1994-97)

Future Development Potential

While the initial proposal was limited to
coverage of the areas of photography,
graphic design, and video and audio
visual production, it was recognised
from the outset that the program
design and structure should be capable
of dynamic growth. The graphic design
content of the program is currently
broad-based and inclusive, with all
graphics students experiencing work
across a range of design areas. It was
always the express intention of the
development team to provide a number
of more focused, in-depth specialist
design options at later stages. It has
become apparent that the need to
provide specialist pathways in advertis-
ing design and design for interactive
media are the most pressing, with an
increasing number of students seeing
the rapid growth of these areas as
providing potential employment oppor-
tunities. The Professional Media tutors
are currently working on enlarging the
module base so that these additional
specialisms can be offered for future
intakes.

The program, as it stands, is extremely
successful, having gained an excellent
report from UK Government-appointed
inspectors in 1997 and receiving
approximately 10 applications for each
place available. Our aim is to maintain
or enhance the already high quality of
the program as we open further
options and increase participation in
years to come.
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Virtual Reality in Education: Irish and American
Students Meet on the Virtual Frontier

As part of a unique educational envi-
ronment created by students and
teachers at Newman School, in an
exclusive partnership with Microsoft
Corporation, Irish and American
students will use multi-user virtual
reality technology to facilitate trans-
Atlantic meetings. This avatar-based
system provides an unprecedented
learning opportunity for high school
history students. Historical role-playing
will facilitate an exchange in which
students at Isidore Newman School in
New Orleans, Louisiana learn about
the conflict in Northern Ireland, and
students at Sutton Park High School
in Dublin learn about the legacy of
the American Civil War.

As society and technology change,
so do educational methods. As the
industrial revolution created larger,
more population-dense cities,
schooling changed from a largely
in-home process to an in-class
process. Now, with the silicon
revolution, children are learning with
the aid of computers. Biology books
come with multimedia CD-ROMs,
and digital encyclopedias outsell their
traditional counterparts. As desk-

top computers have become more
powerful, virtual reality is beginning to
make its first contributions to K-12
education.

Over a year ago at Isidore Newman
School, history chair Mark Cowett
wanted to put the new computer
facilities to good use in the history
curriculum. He worked with a computer
teacher who was conducting a role-
playing experiment with his 10th-grade
class using Black Sun’s virtual worlds
and multi-user technology. He had his
students design alter egos, which they
embodied as avatars in these virtual
worlds, and report back on their
experiences in cyberspace.

At Newman School, the team is now
using the publicly available V-Chat
software to create avatars that allow
students and teachers to explore
conflict resolution. In their history class,
students are studying the origins of the
Civil War and researching historical
figures they find particularly interesting.
Their research culminates as they
assume the roles of Abraham Lincoln,
Harriet Tubman, John Brown, Frederick
Douglass, or other historical figures.
Avatar-enabled historical role-playing
allows students to become actively
engaged in historical narratives that
normally remain trapped on the pages
of their textbooks.

Halfway around the world, Irish
students are engaged in a parallel
experience. Students from Sutton Park
High School confront a different
legacy. After decades of bitter conflict,
Nationalists and Loyalists are still at
war in Northern Ireland. Sutton Park
students are becoming another cast of
characters: Joseph Collins, Daniel
O’Connell, and Oliver Cromwell.

Sometime this spring, an exciting
meeting will occur. Sutton Park history
students will enter a virtual world popu-
lated by Newman students role-playing
historical figures from the Civil War.
The Irish students will become historical
journalists, conducting trans-Atlantic
interviews with Newman's articulate
and knowledgeable avatars. They will
piece together complex historical
narratives from the conversations they
have with the student experts at
Newman School. These reporters will
produce newspaper-like Web pages as
accounts of their virtual meetings and
learning experience.

Students in both schools will discover a
shared historical bond through learning
about the travels of abolitionist
Frederick Douglass. In 1845, he
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traveled to Ireland to lend support to
the Irish emancipation effort. Some
even referred to Douglass as the
“Black O’Connell of the United States”
Douglass’ visit to Ireland gave him an
international perspective similar to that
which students at Newman and Sutton
Park will gain from their contemporary
trans-Atlantic journey.

Students from New Orleans will in turn
interview the Irish students’ historical
avatars and hear first hand accounts
of the Irish Civil War. This interaction
will stimulate discussion of important
historical themes including civil war,
religious tolerance, slavery, freedom,
conflict resolution, and international
relations. Sharing local conflicts with

a global audience will stimulate fresh
perspectives on how to promote social
justice.

The chief advantage of online inter-
active education is that multiple
schools can participate. This allows
conflict resolution scenarios to be
explored using the same virtual world
with new avatars. Furthermore, college
students who have done sufficient
research could supervise discussions
or even assume the historical roles.
The fact that the world is freely open
allows for younger students to learn
from the older students. Also, by
gaining knowledge of different figures,
students earn the right to assume that
figure's avatar.

The goal of this project is to address
the historical specificity of global
conflict and integrate cutting-edge
technology with subject-area knowl-
edge by employing multi-user virtual
environments for historical role-playing.
Today we are addressing the conflict
in Northern Ireland: tomorrow schools
around the globe will meet in cyber-
space to explore the historical roots
of conflict.



Integrating Digital Technology into Classrooms:

The Making of Warp & Weft, Might & Magic, Mettle & Motherhood:
An Electronic Exploration of American Women'’s History: 1640s to 1870s

Incorporation of the World Wide Web
and the Internet into the fabric of
public life has turned questions of
whether computers and digital tech-
nology belong in classrooms into
questions of how to integrate these
technologies effectively to improve
pedagogical practice. Our paper
describes the collaboration of a
women's history class and a CD-ROM
multimedia production class to produce
an interactive multimedia CD-ROM
and a Web site, and some surprising
observations about our interface
metaphor and navigating in virtual
space.

The project was completed at
Columbia College in Chicago. As the
major areas in this arts and communi-
cation college increasingly integrate
computers and digital technology into
their classrooms in response to the
changing world of professional work,
general education classes are still
taught as lecture classes in “tech-
nology-free” classrooms. Our model
attempts to change this in profound
and lasting ways that can be easily
accomplished within the usual con-
straints of scheduling, limited facilities,
and the need for faculty development.

The Model

Our strategy is to pair up a traditional
“content-rich” lecture/discussion class
with a “technology-rich” computer pro-
duction class to create a collaborative
interactive multimedia project around
the subject matter of the traditional
class. For our first iteration, the classes
were Women's History (Colonial to
1877) and a CD-ROM multimedia pro-
duction class. A multimedia approach
introduces an “almost three-dimension-
al” character to research-based activi-
ties, like the traditional term paper,
whose future is being called into doubt
(Evans, C.T. & Brown, R, p. 18.). Visual
imagery, icons, and integration of
meaningful graphics, sounds, and video
files with text support student under-

standing of the textual materials and
engage students in the work needed to
complete the project.

By focusing on acquisition of content
(the historical data) and strategic
knowledge (the “how to” of interactivity
and multimedia), higher cognitive levels
of thinking are required of students as
they construct an interpretation of the
data that will communicate their ideas
to their audience (Smith & Reiser, 1997)

The Process

The “technology-rich” class, which

is open to juniors and seniors who
have had three or more computer
classes and experience using Adobe
Photoshop, Macromedia Director, was
modified slightly to incorporate the
“content-rich” class as “clients” who
would provide the subject-matter for
our collaborative, team-based production
during the semester as shown below:

Course Goals & Objectives
Tech class (8-10 students in a networked
computer lab with Internet access):

1 Develop leadership and cooperative
skills.

2 Apply programming, graphic,
organizational, and analytical skills in
a production environment where
time, talent, and task interact.

3 Learn to translate ideas about
interface and navigation design into
digital terms.

4 Produce a work series that shows
engagement with principles of
content and form presented in this
class.

5 Make substantive, documentable
contributions to group products.

6 Learn to estimate a production
budget for similar projects.

7 See first-hand how a project is
begun, developed, and brought to
production in a real-time way.

8 Be able to map the navigations &
branches of our project.
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Women's History Class (25 students in a
classroom with a chalkboard and desks; access to
general-purpose computer labs):

1

Students are assigned to write four
two-page papers, which are to
include non-textual components.
Teams of five students working on
similar research subjects are formed.
Teams work together to combine
their individual research papers into
a single document that they then
mark up with “hyperlinks” in the
case of words or phrases that need
a definition or other text annotation,
and they identify stories or important
points that can be illustrated with an
image, map, quote, song, etc.
Enhance students’ computer skills
by providing a few sessions of
computer orientation in the lab.

Hardware & Software
In the classroom:

1

Power Computing Macintosh (32
MB RAM/2G ROM) with internal
zip drives

Network storage for students and
the class

Access to Netscape & Internet
Explorer browsers (WWW, email)

4 Scanner

Networked printer

Software:
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MS Office

Adobe PageMaker

Adobe Photoshop

Adobe Premier

Macromedia Director

Macromedia Authorware

SoundEdit

Fractal Painter

HTML editors (Communicator, PageMill)

The paired classes did not meet
concurrently, but had an overlap
between their meeting times. They
met together four times during the
15-week semester, and the teachers
made several additional visits to their
partner’s class.
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Teaching assistants, students from the
respective classes, had no special
training, but were chosen by the faculty
members based on their skills and
interests. The TAs answered basic
word processing questions for students
and oversaw the exchange of research
papers, which became some-

what confusing because history
students could re-write their

papers, allowing “versionitis” to

creep into the project. In the

future, we will use a document

tracking system to prevent

confusion.

Using email and a Web site to
communicate between class
meetings, and having network
storage space for shared files,
was essential to the project's
success. The tech class was
mapping images to ideas while
the idea space was being
written by the student content
providers via their text-based
research. Navigable interactive
data exhibits (branches) were
generated by this collaboration.

This was a risk-taking experi-

ence for the faculty, because

the educational outcomes

of the process had to be

negotiated among the stu-

dents, faculty, and classes

and determined by the dynamic
established between the

students and teachers. The

product was an unknown quantity as
well, though it was our view that
process was even more important than
product. Additionally, interactive multi-
media is not well understood in the
academic community beyond the
surface level, so one’s work can be
easily misunderstood. Students create
wonderful images, but would they be
historically accurate reflections of the
content being developed by the history
class? This came up, but as the tech

students realized that their work must
please the “clients’ they read the
research papers and began to fit their
imagery to the ideas.

One of the tech students created a
graphic interface for the colonial

branch of the program. The class cri-
tiqued it and approved of it. However,
when our “clients” came to view it, the
history teacher saw the historical
anomaly right away: a woman of the
1840s plains culture stuck in a collage
about the colonial years. We modified
the image; the experience was valuable
(Figure 1).

The constructivist orientation of the
classes stresses teamwork and knowl-
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edge creation based on facts and other
data developed by the students them-
selves. Traditional term papers are one-
to-one
communications — the student writes
and the teacher reads. When students
make their own interactive multimedia
it implies an audience or
“other” Creating a project
for an audience provides
opportunities for perspec-
tive-taking on the part of
the student artist/
researchers. This develops
higher-order reasoning skills
(Iverson, 1997). Research
and technology skills trans-
fer to other subjects and
classes that students take.
This kind of “learning by
doing” helps students create
cognitive webs or nets that
lead to deep and full under-
standing of a subject (Smith
& Reiser, 1997; Woltz &
Palme, 1997). Furthermore,
students get a sense of
pride and ownership about
their abilities as scholars
and their mastery of the
content.

We observed that history
students’ writing increased
in length and complexity
over the semester, while
the tech students learned
history in order to produce
meaningful graphics and
interactivity. Furthermore, tech students
developed problem-solving skills
because they were learning computer
applications to use as tools for organiz-
ing ideas and content. They were moti-
vated to get something done, and did
not wait for step-by-step instruction
from a teacher. Students used the
teacher as a resource, but also learned
to communicate with each other about
technical matters. Learning became
student-centered, not teacher-dictated.



The students’ ambitions on this project
were limited in the main by the time
constraints of a semester, rather than
the constraints posed by a structured
syllabus.

Students completed a beta version of
the project by the end of the semester.
However, several of the students test-
ed the beta CD-ROM, and within four
weeks of the semester's end

a completed version was

ready for professional mas-

tering. The professional mas-

tering was done because we

need several copies of the

CD-ROM for each of the stu-

dents and teachers who par-
ticipated (about 35 individu-

als), and that is too many to

do as a series of one-offs.
Professional mastering also

gives the students a sense of

closure and accomplishment,

and will provide a lasting

resource for history classes

at Columbia College.

Choosing a design metaphor

for our project brought us

interesting information about

the general level of under-

standing of navigation of vir-

tual spaces and the impor-

tance of paying attention to

one's audience. The tech class had to
decide who we were designing our
work for. We concluded that our audi-
ence was typical high-school-to-col-
lege-age students who would “have” to
sign up for history. We were not mak-
ing this a professional research tool,
nor a piece that was aimed at a gener-
al audience as an encyclopedia might
be. To attract the interest of our user,
who we presumed to have an initially
low interest in the topic (and paren-
thetically to interest some of the pro-
duction students who themselves fell
into this category) we developed a 3D
fly-through of an historical “town”

where each of its buildings would rep-
resent an era and one of our content
branches (see Figure 2). Research
suggests that play is a human adaptive
behavior which encourages extended
practice and experimentation that
enables learning (lverson, 1982).

Navigation of the town provided users
with directional arrow buttons and an

orientation indicator of their locations
(Figure 2). There was no way to “‘jump
out” of the navigation and see how
many houses there were. It was up to
the user to explore. Little historical
context was given at this point, as our
users would be expected to have little
knowledge. We aimed to pique their
interest with the “game-like” front-end
of the program, and then once they
were in a branch of the program, pro-
vide them with more content. In this
way, users construct an understanding

of the virtual space they are navigating.

This can be frustrating, but can also
encourage users to spend time in an

effort to make sense of the virtual
space. We felt that the more time our
users spent in our “town;” exploring its
branches, the more history they would
learn.

This interface worked for the target
users, unless they were complete com-
puter novices. Novices were slow to
have any interaction with the computer,
and the interface requires
interaction to “learn” about
it. An un-expected problem
arose from this design how-
ever. When we invited other
faculty and administrators to
try out the piece, we discov-
ered a generational gap in
understanding navigation of
virtual spaces. The faculty
(mainly over 30, and not
accustomed to electronic
gaming) found the naviga-
tion difficult. In fact, some
believed it to be faulty. The
houses weren't labeled, they
“couldn’t go anywhere” in
the interface. They wanted
to move directly to the con-
tent. There was confusion
among these users on how
the map-locator grid related
to the navigational arrows
(Figure 2). The faculty were
not willing to navigate the
town to see how many houses there
were and had trouble accepting the
ambiguity of not knowing exactly
where they were going. They said,
“How will | know if | have found all the
houses?” They craved linearity. Younger
users explore virtual space and more
naturally construct cognitive maps of
the virtual space. It is a second-nature
skill to the younger users. This “sense
of virtual place” is not developed, or
not comfortable for older or less
experienced users.

| believe the ability to move around in
this interface depends on practice and
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experience in navigating virtual worlds.
| tried this interface out with some 12-
year-olds, who critiqued it in terms of
its having “invisible walls" which are
boundary areas of the virtual space
where the programmer has not provid-
ed any visual feedback that a boundary
exists. | had never heard of “invisible
walls” but it is obvious that in any virtu-
al space, there would be boundaries
and that the programmer must “do
something” at those boundaries (we
provided a warning “beep” but no visual
clue like a wall or warning sign).
However, for the avid virtual “trekkers;’
this condition had been observed often
enough that it had a name and was
well-known to them.

This source of confusion between the
design aims, audience experience level,
and members of the academic commu-
nity was unanticipated, but extremely
interesting. It was of concern to me as
a faculty member because my work
with my students might be viewed as
“faulty” instead of “targeted to a specif-
ic user community” We are going to
provide a button on the interface navi-
gation screen where those who are not
cognitively ready for unaided virtual
navigation can find an explanation of
each “house” and will be able to tell
how many houses there are. | expect
that if | could collect “cookies” on who
uses that button, it would tell the story
of generations.

Conclusions

Most commercially produced CD-ROM
software targeted to a mass audience
costs from $100,000 to $300,000 per
title and requires sales of millions of
copies to make money. These costs
discourage educators, artists, or com-
munity groups who seek to use “new
media” as a form of communication.
The commercial mode of production
divides the viewer and producer, ren-
dering the producer “invisible” and

the viewer a “receiver” rather than a

“participant” The viewer “interacts” with
information that has been generated
and organized by others, including
information that might have been
omitted. The user does little more than
“look” at the piece. Knowledge is given
to, not constructed by, the user.

However, when students participate in
constructing interactive multimedia, it is
a powerful educational experience. It
yields information to students as well
as experience in a collaborative team
effort because it requires students to:
a) generate and analyze information
(text, images, sound, combinations of
these), b) use meta-cognitive thinking
to design the topic for interactive
presentation, and c) take the audience
perspective to design links, branches,
and connections.

Given the widespread availability of the
Internet and Web browsers that make
interconnectivity between computers
simple, addition of interactive multi-
media presentations to course require-
ments at all levels of education
becomes a natural enhancement of
good teaching methods (Evans, C.T. &
Brown, R.). The diffusion of computer
skills that results from using the digital
technologies as tools of production
rather than as ends in themselves
benefits everyone in a school. For our
students to realize the mission of the
college, to be the “authors of the
culture of their time” they must be
able to communicate effectively in the
lingua franca. The pedagogy of new
media is student-centered, user-
friendly, and a must for our future.

Teachers have always had to teach
content as well as “mechanics”
(grammar, note-taking, proper attribu-
tion of source material, spelling, etc.) in
any class. When computer and digital
technologies are considered to be
computer-mediated communication
tools, and interactive multimedia is
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seen not as something new, but as a
recent development along a continuum
that began with cave painting and
includes the illuminated manuscript,
Guttenberg's Bible, radio, television,
and film, then integration of technology
into classrooms as described in this
paper can be put in perspective. It is
easier for students to use this tech-
nology than teachers expect (Evans,
C.T. & Brown, R), though our experi-
ence with the interface metaphor
suggests that getting teachers to
understand new media may be harder
than we expect. More research in this
area is needed.

Future Directions

We plan to continue our collaboration.
We are going to provide more specific
instruction in using the Web as a
research tool for both classes. Content
class students will synthesize their
work, including identifying hyperlinks
and possible images and quotes that
could be recorded as sound bites prior
to submitting the work to the tech
class. Computer students will con-
centrate on some programming

tasks and an analysis of the work we
completed in prior semesters for
several weeks before they begin
working with the history content, or
generating images for it. This will
assure that the history students have
been able to provide enough content
for the work to begin. This was a
problem in the first iteration, where
we started off on production without
having the content firmly in place.

We would like to extend this collabora-
tion to more teachers and departments.
We are working with our college’s tech-
nology committee in order to secure
more general purpose computer labs,
as well as multimedia, presentation-
ready class rooms. Our Web site will be
extended with new content and
improved as time goes on.
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CAROL: Students Working on Real-World Projects
Empowering Local Cultural Non-Profits

In the Rochester Institute of
Technology graduate course “Topics in
Interactive Multimedia,” students build
Web sites for CAROL (Culture and Arts
of Rochester Online). Sponsored by the
local arts and cultural council, CAROL
currently showcases the sites of over
20 local arts and cultural institutions
and includes an online events calendar
and a database of local artists.

Several factors make the Topics course
a unique experience for students, fac-
ulty, and the organizations that partici-
pate. The CAROL consortium and Web
sites are an outgrowth of the class. The
course draws students from disciplines
and departments within the university
to work together as a cross-disciplinary
team that works with representatives of
the arts organizations whose sites are
being developed. The representatives
attend the class as both clients and
students to support development of
their sites and to learn to maintain and
manage them after the class is over.
Community investment in CAROL
extends to a local service provider who
donates shell accounts and Web host-
ing to the non-profits free of charge.

A pro bono local arts marketing
campaign will use www.carol.org as its
focus. The campaign will include not
only Web marketing (such as banners
and the like) but newspaper ads, bill-
boards, and other traditional advertising
media.

Real-world learning requires real-world
problems. The Topics course is less
about implementing “cutting edge”
technology and more about building a
site that matches the needs of the
clients and their audiences. The course
content, while it generally focuses on
advanced Web building tools and
techniques, also changes to meet the
needs of the clients. The subtext of the

course is collaboration. Building Web
sites requires not only technical and
artistic proficiency but content. Our
students have the skills, and the
cultural and artistic organizations have
the content. The blend of providing a
service for these non-profits while
creating real Web sites fires the
student's enthusiasm; they end up
pouring their hearts into the project.
Everyone wins.

As instructors, we're able to provide our
students a top-flight, exciting, and
engaging learning experience. At the
end of the quarter, the students have
significant portfolio pieces that demon-
strate not only technical proficiency but
teamwork and client relationship skills
as well. The cultural organizations end
up with not only a new and/or
improved presence on the Web, but
with staff members increasingly able to
carry on the work and continue the
institution’s growth onto the net.

This paper summarizes:

« The history of our students’ projects
and their evolution from building
individual sites to becoming the
center of an organization that
supports the efforts of local
organizations on the Web.

» The process of running a course
like this.

e The lessons we've learned in
working with arts and cultural
organizations and with students
from different departments,
disciplines, and cultures.

 Future plans.

* Some suggestions for implementation
and adaptation of our model.
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The History of Topics and CAROL

The history of the CAROL project is
a description of process. It illustrates
both conscious decisions and
fortuitous circumstances that enabled
the CAROL consortiums to come into
being and flourish.

First Steps: Individual Museum Sites

In 1994, the Web was a fairly new and
novel place. RIT did not have a campus
Web server, and faculty did not have
browsers installed on their computers.
As he taught students to model virtual
museums using hypermedia, Professor
Goodman found that his assignments
succeeded because they required real
content and a touchstone for evaluat-
ing success. The course also provided
technical challenges in terms of design,
presentation, scale, and communication
that transcend the individual screen.
But the fruits of the class efforts were
rarely seen outside of academic pre-
sentations. Moving the paradigm to the
Web seemed a natural extension of the
class efforts.

The first Web site experiment was
done with the Genessee Country
Museum in conjunction with one of
their staffers, using Professor
Goodman'’s desktop Macintosh as a
server. While the site never really
made it onto the Web full time, due to
multiple factors including a lack of
support at the administrative level of
the museum and a departmental move
to laptop computers, it was still a
success. The success came from
seeing that the goals of the project
could be achieved in one quarter and
that the students had an exhilarating
and effective learning experience.

The next time Topics was offered, the
project was a Web site for The George
Eastman House International Museum
of Film and Photography. This was a



large-scale undertaking shared by
Topics, taught by Professor Goodman,
and a second course Project in
Interactive Multimedia, taught by
Stephen Jacobs. The institutional
interest in the site’'s development came
from Roger Bruce, the Museum's newly
hired Director of Education Services
and a documentary producer and
media artist with a long history of NEA
and NYSCA panel service. This made
for a much more conducive relationship
between our project and the adminis-
tration in the beginning, but one that
still provided some problems that we'll
address later on.

Once the Eastman House site was
online, it received positive press from
most of the major photography publica-
tions. The Discovery Channel put a link
on its Web site to ours, throwing RIT's
Information Systems organization’s into
a panic, as they envisioned Web server
gridlock. and our campus connection to
the Internet was flooded by outside
requests. As a result. we sought help
from our community. The CAROL
domain was moved to a local ISP,
Service Tech (now Verio New York),
which generously hosts the project,
donating gigabytes of storage and
considerable bandwidth.

CAROL first steps: “If you build it, they will come?”
The success of the Eastman House
site, and another casual remark by one
of our museum clients that “a consor-
tium to continue and expand this kind
of stuff” would be a good idea sent us
down the road to evolving CAROL.
After a summer spent calling, and
meeting with, the administration of
large and small cultural organizations,
two new organizations signed on to
work with the Topics students. That fall,
four organizations began working with
the class. The Strong Museum (a fairly
large museum in Rochester) and

Writers and Books (a smaller literary
arts center) joined the fold. The
Eastman House came back for more,
and the Genessee Country Museum’s
original site materials were resurrected,
updated and rebuilt. In addition, a top-
level page serving as an entry way to
the other four sites announced itself as
the beginning of a new consortium (the
four participating organizations agreed
to support this). A newspaper article on
the new consortium prompted a call
from the Arts and Cultural Council of
Greater Rochester inviting us to join
them for one of the monthly meetings
of the cultural CEO's to discuss the
new consortium. That meeting led to us
to where CAROL is today, a collabora-
tive organization that fits under the
umbrella of the Arts and Cultural
Council of Greater Rochester. The
group meets monthly in the offices of
the local PBS affiliate and counts the
Vice President of the affiliate, the City
of Rochester's Web master, curatorial
and staff members from other local
museums, the Rochester Philharmonic
Orchestra (RPO), and others amongst
its membership.

CAROL membership isn't restricted to
the large organizations. Small organiza-
tions like Writers and Books, BOA
Editions (a small press publishing poet-
ry), the Visual Studies Workshop and
others are also CAROL members.
Some CAROL members have been our
“clients,” in that our students built their
sites. Others, like the RPO , the PBS
affiliate and the City of Rochester link
to the CAROL page and collaborate on
growing the domain in general. In addi-
tion to the marketing campaign, data-
base, and calendar mentioned above,
other collaborative projects, like an Art
and Culture membership pass to all of
the Arts Council's member organiza-
tions have gained greater momentum
through the existence of CAROL.

How a Class Works: Managed Anarchy

In general, before every class begins,
the professor teaching the class that
quarter identifies the clients he and the
class will be working with. In the earlier
days of the class, we worked with the
larger, more established organizations
in order to get the ball rolling. At this
point, we try to work with the smaller
organizations that need the help more.
These organizations are picked from
the membership of the Arts and
Cultural Council of greater Rochester.
Generally, two or three new organiza-
tions are picked for a class, with addi-
tional work occasionally being done on
an existing site of a previous client.

To participate, organizations must make
a few commitments. First, they must
agree to send a member of the organi-
zation to join the class as both client
representative and fellow student.
Organizations must also commit to
keeping their own site current after the
class is over. By following these rules,
they become fully functioning members
of the CAROL community. They take
partial responsibility for the creation of
their site, learn the skills required to
maintain and upgrade their sites, and
provide CAROL with another active,
growing member of the community.

In the early days of the class, regular
students and the organization members
learned basic Web skills side by side,
as part of the class. Now that our regu-
lar students are more experienced
when they join the course, we often
run quick two-day workshops for the
outside members before the course
begins to teach them the basics.

Students are divided into teams of 6-
10 each. We are truly lucky in that we
can open this course across depart-
ments at RIT. Normally, this brings us a
mix of our own Information Technology
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students and Computer Science
students for technical skills with
students from the College of Imaging
Arts and Sciences pursuing degrees in
Computer Graphics Design, Industrial
Design, Computer Animation, Film and
Video, and Photography. In rare
instances, we've also had students
from Instructional Design and other
fields in the class. While we don't
always have this broad spectrum of
skills to choose from, we can often
assemble teams with a composition
similar to those in industry.

As much as we can, we let student
teams select the projects they'd like to
work on while we balance the mix of
skills in each team. The outside mem-
ber becomes an integral part of the
team, obtaining permissions for content
and final sign-off on the site.

Course Content

The content of the course (which runs
four hours, once a week for 11 weeks)
generally covers Web design and
implementation, group discussions,
design critiques, and team meetings.
Issues of tools and techniques are
steered, in part, to the client needs for
the quarter's designs. The fluid nature
of Web technology, and the different
needs of different clients, ensure that
much of the course is shaped “on-the-
fly" during the academic period (not for
the faint of heart).

In the early part of the course, students
implement strategies and techniques
on their own pages, as a “dry-run” for
the client pages. At the same time,
they're working with the clients through
the design and content collection
phases of the client Web site imple-
mentations. As the course progresses,
the focus shifts to the client site imple-
mentation. In the end, students are
evaluated on their early work on their

own sites and on the final group pro-
ject. They also conduct peer reviews to
evaluate each other's performance
within the team. These reviews are a
significant part of the grade, reducing,
but not always eliminating, instances of
individual load shirking.

This emphasis on real-world assign-
ments, short production times, cross-
disciplinary teams, and real-time client
contact and education has proven very
beneficial to the students. They end
up with portfolio pieces that speak

not only of their individual skills and
creativity, but also their ability to
succeed in an environment very much
like the one they'll experience at work.
It is not uncommon for students to
continue to work with an organization
on their site after the class has con-
cluded. Sometimes, they finish working
on aspects of the site that were not
completed during the quarter, but just
as often, they join the organization to
extend the Web site. This real world
experience within the class and after
has proved enormously valuable to our
students. A majority of employees with-
in Kodak's Web Marketing Team and
Xerox's Technical Documentation and
Computer Based Training divisions are
successful survivors of this course and
the certificate and graduate programs
of which it is a part.

Lessons Learned

Curators have to “learn to stop worry-
ing and love the Web” While conditions
have improved somewhat since we first
began, there are still plenty of curators
and other administrators within arts
and cultural organizations who view an
announcement of an impending Web
site as they would a terminal disease.
They move through all five stages:
denial, anger, bargaining, depression,
and acceptance. Though museums are
in fact public institutions that share col-
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lections through public display, the
display is under their control. The
collection itself, and its representation,
are the identity of the organization.
Placing them in a position that appears
to give control to a group of college
student and/or the general public
raises serious concerns on their part.
Their concerns often include, but are
not limited to the following:

* Piracy of assets

» Misrepresentation/amateur
representation of the organization

» Concern that the Web site might
lessen the public's desire to visit the
actual museum

The Eastman House experience was
especially instructive. Even though we
had one administrator enthusiastically
encouraging us to “have our way” with
the site, it came at a time when the
institution was between directors, and
a long-time, technophobic curator was
in temporary charge of the museum.
This curator was not alone in her
concerns of the “danger of placing
digital copies of photographs” from
their collections on the Web, where
they could be downloaded and repro-
duced. We were able to overcome
these objections by:

» Working directly with curators and
giving them design and content
approval.

» Educating the museum staff on the
limited reusability of the images on
their pages.

* Providing the museum the “safety
net” of initially releasing the page as
“a project by RIT students about the
Eastman House rather than
promoting it as the official site.

This provided them with the deniability
they felt they needed until they were
satisfied that the site was worthy of



official sanction. In the end, the
Eastman House reaped the benefits

of the Web site, including increased
educational outreach and an expanded
audience in addition to the press
mentioned above, and they made the
site their own. Their original staff
member participant, an employee of
the exhibitions department, has now
had 50 percent of his time dedicated
to webmaster responsibilities for the
Web site. Though their site has gone
through several major rebuilds (some
with our students and some on their
own), it still retains some of the original
content created by our students for the
original site. The Eastman House has
become one of our biggest advocates.

Next Steps

NEA and NYSCA funds have been
granted to the local arts and cultural
council to support the growth of the
project. The funds were granted, in
part, to fund a coordinator position to
focus on providing technical support
for non-profits as they continue to
maintain their sites and acting as web-
master for the CAROL domain.

As this paper is written, we are
embarking on a variation of the theme
for our spring quarter. We are planning
to develop a hybrid CD-ROM and Web
site to support the Sesquicentennial for
the Seneca Falls Women'’s Rights con-
ference and the National Women's
Heritage Trail that was proposed by
local organizations and is being sup-
ported by a bill in Congress. The
domain name we've reserved is
www.womensheritage.org, and the site
should be active by the time this paper
is published.
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Creative Expression on the Digital Canvas: An Online

Digital Art Class

This paper discusses how | have creat-
ed and taught an online digital art
class. The focus of the class is creative
empowerment. The goal is to encour-
age and facilitate students’ creative
expression on the digital canvas, har-
nessing the unique benefits of the digi-
tal medium both as an exciting, versa-
tile, and powerful medium for painting,
and as an efficient and convenient
medium for worldwide communication
and interaction.

| explain the background to this class,
the choices | made in curriculum struc-
ture, technology, and marketing. | pro-
vide an insight into the way the class
has evolved, sharing my experience
implementing the course — the suc-
cesses and pitfalls, the lessons learned
along the way. And | provide a road
map that can encourage and assist
others who are interested in teaching
their own online classes, or who are
considering becoming online students.

An Overview
This online digital art class, a 10-week
cross-platform course, teaches students:

1 To master incredible computer paint
tools (MetaCreations Painter 5.0
with a pressure-sensitive stylus and
graphics tablet).

2 Painting skills, applied to creating
expressive portraits from the
live model.

No experience with drawing, using the
tablet, or using Painter is necessary.

Students are sent a ring-bound work-
book that contains detailed notes and
complete assignment instructions. The
Internet is the principle means of inter-
action. Each week, students upload
completed assignments into a virtual
Student Gallery on the Web, where
they can view each other's work. My
students and | communicate with each

other via email. The class discusses
relevant issues, and seeks information
and advice, by posting messages onto
a class email list. Each week, | select
extracts from my critiques and commu-
nications with individual students, and
post them on the email list.

The Digital Medium

Two distinct aspects of working in the
digital medium are encountered in
teaching this course: students learning
to paint with digital paint rather than
using traditional art materials, and dis-
tance learning via electronic means
versus physically attending a real-time,
in-person classroom. | shall consider
each of these two aspects in turn.

Digital Paint

The computer has brought to our fin-
gertips a number of unique advantages
that make learning to paint on the
computer easy and fun, including:

1 Convenient access to a vast array
of brushes and art materials.

2 No need for a dedicated paint
studio.

3 No mess to clean up.

4 Unlimited paper and paint (no need
to feel precious about materials).

5 Forgiving medium (brush strokes
can be easily transformed, erased,
or undone).

6 Versatile medium (in seconds, you
can go from applying oil paint to
watercolor to the unique Image Hose).

7 Comfortable (the vertical screen
avoids the perspective distortion
encountered with a horizontal sheet
of paper, and the tablet avoids the
shoulder, arm, and wrist fatigue
encountered when you paint on a
vertical canvas).
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8 Healthy (no poisonous or carcino-
genic chemicals and solvents to
deal with).

9 High degree of control (brush
behavior can be controlled with
greater precision than when
working with a traditional brush or
piece of chalk.

10 Large range of magnification (one
moment you can zoom in and paint
pixel by pixel, and then the next
moment zoom out and see the
whole painting as small as a stamp.

11 Record, playback, and use the
creative process.

12 Share artwork across the world
almost instantaneously.

13 Minimal physical storage space
needed for paintings.

14 Convenient reproduction of
paintings.

The main disadvantages of painting in
the digital medium are:

1 Lack of tactile, olfactory, and
audible stimulation. In other words,
the sensual aspects of working
with traditional materials, the feel of
the paper or canvas, the smell of
the paint, the sound of the charcoal.
One student taped a sheet of paper
to his tablet surface to imitate the
resistive feel of working on real paper.

2 Lack of whole-body motion involved
in the paint process. There is a ten-
dency when working on a small
tablet surface to become sedentary.

3 Potential UV radiation exposure,
muscle ache, and eye strain
associated with sitting in front of a
computer screen for long periods
of time.



Online Instruction

Online instruction offers a number of
unique advantages to students, as well
as the instructor, including:

1 Geographical freedom (students
and teachers can be anywhere in
the world).

2 Temporal freedom (students
determine their own work schedule
and pace.

3 Economy (students avoid the
expense, in both time and money,
of going to a remote location for a

residential course. The online
course fee is typically less than
paying for a regular class, or paying
an instructor for private tuition.
Internet access and email commu-
nication is relatively inexpensive.

Self-sufficiency-an (online course
provides the motivation to become
self-sufficient).

Interactivity at a distance (the
benefit of active interactive
learning and one-on-one tuition
with an experienced instructor from
the comfort of the home or studio).

6 One-on-one instruction at no one
else’s expense (typically in off-line
computer classes the instructor
must take time for each student at
the expense of the available class
time for other students).

7 In-depth critiques (the instructor
provides a more detailed written
critique than can be provided
verbally).

8 Lack of inhibition (students avoid
an instructor, or other students, look-
ing over their shoulder as they work).

9 Simple communication (email is
easy to use and immediate).

Here are student comments on why
they chose an online course:

“Difficult for me to schedule my other
activities around a rigid class schedule.
Also the time to travel to/from class was
important as | live in a fairly rural area”

“Less expensive... and | can work at
my own pace without the possible
concerns of how my ‘work’ compares
to others’”

“Freedom to assign my own time and
place to do the lessons”

Drawbacks of online instruction include:

1 Lack of real-time, in-person contact,
both between the instructor and
students, and between students
themselves. One student commented
“l would love to meet everyone. That
is the only drawback to working at home”

2 Lack of lively synchronous group
discussions and critiques of each
other's work.

3 Hardware/software problems
(achieving trouble-free file transfer
and communication via the Internet.
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Creative Expression on the Digital Canvas: An Online

Digital Art Class

How it All Began

In 1996, | was teaching a Painter class
at San Francisco State University.
During a staff meeting, there was an
announcement asking for anyone inter-
ested in teaching online. | became
intrigued with the possibilities. | posted
a trial question on my Web site:

“| shall be teaching an online art class
entitled ‘Portraits & Pixels: Creative
Expression on the Digital Canvas!
Please email me if you are interested
in receiving more details on the class’

Over the following twelve months, |
received almost 80 responses to my
trial question. The magnitude of this
response motivated me to make this
online class a reality.

The Focus: Creativity, not Software

Prior to my online class, | had been
teaching how to master tools, not how
to be creative with those tools. My
online curriculum focus is creativity, not
software. | am launching my students
on a journey in creative expression. The
software and hardware tools are simply
the vehicle chosen for this journey.

Guiding Principle: Simplicity

My guiding principle throughout the
creation and implementation of this
course has been simplicity. This has
applied to the way I've structured the
curriculum, organized class interactions,
and harnessed technology.

Curriculum Development

The Magic of Computer Paint

My first step into creating a curriculum
was to work out an organized and logi-
cal sequence of instructions that would
familiarize my students with the use of
the amazing digital paint tools. | need-
ed to introduce basic concepts and
guide the students through the Painter
interface. My experience teaching
Painter off-line helped me develop the
first section of my course.

The Art of Portrait Painting

In the second section of my curriculum,
the focus shifts from mastering tools to
applying them. | analyzed the intuitive
way | go about painting a portrait. |
asked art teachers how they go about
teaching their students to draw portraits.
| read books to see how other artists
have approached art theory and practice.

From this background research, com-
bined with my own experience, | devel-
oped a series of practical assignments
that would teach basic drawing skills,
open my students’ eyes to fresh ways
of seeing, and lead them to create
expressive and intuitive portraits.

The Workbook Concept

| considered delivering class notes and
assignments via email, publishing them
on my Web site, or distributing them as
a PDF document on a CD-ROM.
Students overwhelmingly said they
wanted a hard copy workbook they
could have open for easy reference
while working in Painter on the computer:

“I need a hard copy to take notes in...”

“It is very important to me to have a
hard copy to refer to. It is much
more difficult to find something you
want to refer to on the net than
flipping through a manual”

The workbook is split into weekly sec-
tions, each easily located via divider
tabs. The books are bound in a ring
binder, which allows students to conve-
niently add their own notes, email print-
outs, and artwork. | encourage students
to make notes as they go regarding
favorite brushes, problems they
encounter, etc. The workbook builds up
into a useful resource that students
can refer back to. Small graphical icons
denote where there is a key point,
assignment action, warning, question,
or optional exercise. The workbook is
easy to skim and easy to refer back to
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for specific information and instructions.

Workbooks are not the solution for
everyone. The Corcoran Online courses
have real-time lectures delivered in a
virtual chat room. The University of
lllinois at Chicago Biomedical
Visualization online course in Electronic
lllustration has all lecture notes and
assignment instructions posted on their
Web site.

Temporal Structure

Initially, | envisaged students beginning
and completing classes at their conve-
nience. However, as | got closer to
making this class a reality | began to
consider the following:

1 My need for periods of non-
teaching time.

2 The complexity of instructing
multiple students, all at different
stages of a class.

3 The value of creating a virtual
community of students, all taking
the class at the same time and able
to learn from each other and
motivate each other.

4 The value of having distinct assign-
ment deadlines and a defined
course completion date for
focusing and motivating students
to complete their course work.

These factors led me to create my own
semester structure. | decided to be
flexible with assignment due dates, but
firm with the final completion date for
the semester. Corcoran Online and The
University of lllinois at Chicago
Biomedical Visualization online both
have semesters with strict homework
deadlines. The University of California
Extension Online has an open-ended
structure where students can work at
their own pace and take up to a year
to complete a course.



Workload
Instructor Workload

| am spending about 1.5 hours per
student per week on direct communi-
cation. In addition. | am spending
about five hours on “class business:”
communicating with the whole class
on general issues that have come up
during the week.

My first semester, spring 1998, had a
total of 15 registered students. Of
these 15, three had persistent techni-
cal problems (computer crashes, diffi-
culty obtaining software, etc.) that pre-
vented their active participation in the
course. The remaining 12 were my
“active” students. Thus my total weekly
workload was approximately 23 hours,
and my semester total was 230 hours.
This excludes the time put into writing
the Student Gallery HTML code need-
ed for each semester.

Student Workload

Most students spend between four and
20 hours per week (based on student
surveys) on course study — a total
course workload of between 40 and
200 hours per student. This compares
with an estimated 30 student hours for
a DigitalThink Photoshop 4 online
course, 40 hours for a University of
California, Santa Barbara Extension
Painter (off-line) course, and 46 hours
for a Santa Fe Photographic
Workshops, Advanced Painter (off-line)
course.

Students found that, in addition to tak-
ing the time to complete assignments ,
considerable time was needed in the
first few weeks downloading software,
overcoming memory problems and
software bugs, implementing file trans-
fer protocols, etc.. | have reduced the
workload in the first two weeks, allow-
ing a breathing space for overcoming
technical problems.

Communication & Interaction
Commencement And Completion Rituals

| originally assumed all students would
realize when the course started (it was
on all the registration material). | was
surprised to get an email from a stu-
dent a week into one semester asking
when the course was starting! This
experience taught me the importance
of introducing a commencement ritual.

Since that time, | always begin my
courses by sending out a welcome
email on the very first day of the
semester. Likewise, at the end of the
course | send out a thank you email.

Getting to Know Students

When students register for the course,
they fill in a questionnaire that asks
them about their experience, the equip-
ment they use (important for trou-
bleshooting), and what they hope to
get out of the course. Their first
assignment, a self-portrait, is the first
sense | get of what they look like.

Tutorials, Guidance and Problem Solving

In my tutorials, | give positive feedback
and encouragement, share my reaction
to their work, comment on the assign-
ment objectives, ask their reaction to
their work, answer their questions, and
make constructive suggestions. | am
careful to avoid any negative judgmen-
tal statements.

An example of constructive feedback is
the following suggestion to one student
regarding his self-portrait assignment:

“| like your self portrait. It's well-propor-
tioned and obviously based on careful
observation. As an experiment go back
to your self portrait and continue work-
ing on it: add your neck, shoulders, fill
the canvas. Finally take that new ver-
sion, don't look in the mirror any more,
just work from your imagination. Be
loose and free. Distort and transform
your portrait, have fun with it!”

And his reply:

“l guess | was concentrating so hard on
my head and face that it didn't really
occur to me (to add neck, shoulders
and background). So it was fun to go
back and add to it this week!

The top three portraits in Figure 1
show the original self portrait

followed by the two subsequent versions
created in response to my suggestions.

Class Email List

| like to share students’ discoveries and
excitement with the class. Here are a
couple of examples that | posted on
the email list:

“l did have some trouble with the liquid
metal process... | kept clicking ‘OK’
and then tried to apply the liquid metal,
not realizing that the submenu needed
to stay open...”

“Ahhhhhhhhhh... did | get surprised at
myself about drawing with my left
hand. At the beginning | thought my
work would be unrecognizable but |
discovered | have strength in my left
hand and could control my arm move-
ment to design what | saw... *

The class email list has proved a useful
way for students to share problems
and views amongst themselves. Here is
an excerpt from an email list discussion
on the difficulty of getting a live model
to sit:

“Is any one having troubles getting a
model? Wish | could use my cats. They
are always close by”

“I'm having problems with live models
too! I've set up a mirror next to my
computer so that | can use myself as a
model when live ones are in short sup-
ply. It was a bit of a problem with the
upside-down exercise though!”
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“I've resorted to the cats. My cats like
to curl up next to the computer while
I'm working so | gave in and used them
for that exercise and it worked out very well”

Group Critiques

Although opinions may be more
thought out, even less inhibited, when
posted to an email list, a list lacks the
spontaneity and immediacy of a real
time virtual chat room, or of a real-time,
in-person meeting of the whole class.

| advise students who are critiquing
another’s work, to begin with positive
statements, say what they like about a
piece and why, ask about techniques
they see used, and combine any other
comments with constructive sugges-
tions and solutions.

Online, as well as off-line, group cri-
tiques have a valuable role to play in
helping students learn from each other,
and gain confidence in presenting and
explaining their ideas and feelings.

Utilizing Outside Resources

There are very useful online resources
that can assist both instructors and
students. Part of my role is to know
where these resources are and to seek
outside help when | need it. | found it
useful to go to the Painter email list.
There were a couple of sticky technical
difficulties that responses from the
Painter email list were able to resolve.

Transmitting Data

One of the toughest technical issues
has been transmission of assignment
file data. Most assignments involve
creating graphic images (JPEG files).
Initially, students sent assignment files
to me as email attachments. This
became impractical due to bandwidth
limitations.

The solution was a dedicated ftp site
that allowed students to conveniently
upload their assignment files directly

onto my Web server. The Student
Gallery HTML documents were placed
in the http directory of the class ftp
site. Students now upload their assign-
ment artwork, with carefully defined,
Windows-compatible file names, direct-
ly into the Student Gallery http directo-
ry. Their work is immediately visible to
me, the other students, and anyone
else interested in visiting the Gallery.

Student Gallery

My original concern about introducing
a Student Gallery on the Web was that
publicly displaying their course work, which
by it's nature is often experimental and
unfinished, would inhibit students. | also
did not want to introduce the complexity
of a password-protected site.

The students’ reaction to the Gallery
has been generally positive. They
appreciate being able to see other stu-
dents’ artwork. It's motivating for them
to know how the others are getting on.
It's proved instructive to see other
approaches to the same exercises. One
student stated: “It will make us work
harder now the entire world can see
what we have done” Yet another won-
dered about students who “are some-
what shy, not wishing to have all their
work in public” She also wondered “if
one is concerned on ‘what to display;
several valuable exercises will never
see the ‘day-light” Some students
avoid looking at what other students
have done in forthcoming assignments
S0 as not to be influenced by them.

In the Student Gallery, the artwork of
each class is divided up by assignment.
Within each assignment Gallery page,
you can conveniently select the specif-
ic student whose work you wish to see,
or you can scroll through all the work
uploaded for that assignment. At the
bottom of each page are all the links to
all other pages in the Gallery for that class.
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Students mount their own work and
prepare their files for uploading. Thus
they gain experience presenting their
work for viewing on the Web. An exam-
ple of one students’ uploaded artwork
is shown in the lower half of Figure 1.

Cross-Platform and Cross-Browser Issues
Software/Hardware Interaction

In my workbook notes, | attempted to
cover all the obvious cross-platform dif-
ferences, such as keyboard commands.
| also adopted the Windows-compatible
case sensitive 8.3 file naming conven-
tion. Unexpected cross-platform problems
still arose.

For example, a Windows-based student
brought to my attention sporadic
unwanted straight lines that were
appearing on images as they were
painted. An inquiry posted on the
Painter email list resulted in confirma-
tion that there is a potential conflict
when a Wacom tablet is used in
conjunction with Painter 5.0 on a
Windows-based system.

File Transfer

In one assignment, | asked students to
record a script in Painter. They were to
create a painting that went through
transformations in time. This exercise
helps the students focus on the trans-
formative and continuous nature of the
painting process. | asked them to save
the script into a Painter script library
file and send it to me as an emalil
attachment. My intention was to replay
the scripts in Painter on my computer
and see the students’ brush strokes
unfold. | could not get my Mac Painter
to recognize Windows Painter script
files. The problem turned out to be the
different ways Mac and PC create and
code file information. The simplest
solution was to export the Painter
script as a text file.

Another aspect of cross-platform and
cross-browser behavior difficulty is



setting up the ftp file-transfer

protocol. On the Windows platform, |
recommended use of the software
WS_FTP. It turns out that certain
America On-line subscribers have
problems using 32-bit ftp clients with
Windows. They have to go into the help
menu for About WS_FTP and make
sure they have the 16-bit version.

The Cost

The class fee per student is $475. This
includes the workbook cost, shipping
within North America, an online service
fee, and a tuition fee. The time spent
constructing the curriculum, publishing
the workbook, administering the course,
and creating HTML code is not
covered by the class fee.

A sampling of other online and off-line
course fees (as of 3 March 1998) are:

$125.00 Digital Think (online)

$320.00 Corcoran Online (includes
registration and certification fee)

$465.00 University of California
Extension Online (AOL account is a
prerequisite)

$710.00 University of California, Santa
Barbara Extension (off-line)

$1065.00 Santa Fe Photographic
Workshops (off-line)

Marketing

The primary marketing tool for my
online class has been the World Wide
Web. Of my first semester student
body, four were alumni of Painter work-
shops | taught at the Santa Fe
Photographic Workshops and eight
students had come across my Web site
and responded to my trial question.

Geographically, my first-semester stu-
dent body included 11 from the U.S,,
one from Canada, one from the UK,

one from Belgium, and one from Brazil.
| have informed MetaCreations, who
now list my course on their Web site. |
have encouraged online and off-line
reviews of my course in webzines, user
groups, and high-quality international
magazines.

Visitors to the Student Gallery on my
Web site get a very good idea of what
my course can offer. The benefit of my
online marketing is that it reaches a
highly targeted audience. Those who
reach my Web site are already:

1 Web savvy (they have access to
and interest in online interaction).

2 Interested in computer art and/or
Painter (they are visiting my site
typically because of a link from
another computer art site or because
of a recommendation from a com-

puter graphics or Painter user group.

Thus most visitors to my site are
already pre-qualified to take my class.

Evaluations

My students are my best teachers. |
always learn a lot from candid student
evaluations. As the course progresses,
| check back with students on how it is
going. At the mid-way point, they fill in
a survey assessing how the course is
meeting their expectations up to that
point. Finally, at the end of the course,e
| ask for a detailed evaluation assess-
ing their overall impression, what they
liked and didn't like, the course and
workbook structure, content, delivery,
assignment content and distribution,
overall workload, and suggestions on
how to make the course better.

Lessons Learned
The main lessons learned from my
experience are:

1 Be clear about prerequisites. Warn
students that they'll need dexterity

in using the Web and email. Let
students know all the software,
hardware, connectivity, and file
transfer requirements. Encourage
students to make sure everything
works prior to the course.

2 Keep it simple. Stick to simple
technology (where possible) and
simple instructions.

3 Don't assume anything! Explain
everything from the basics in
methodical, precise detail.

4 Structure your instructions carefully.
Break every set of instructions
down into easily digested steps.

5 Start with basic, simple exercises.
Give your students time to acclima-
tize to the new learning environment.

6 Encourage interaction between
students. They can be of great help
and support to each other.

7 Give frequent positive reinforcement
and constructive feedback.

The Future

My experience in creating and teaching
my online art class has been an over-
whelmingly positive one. | have been
thrilled by the enthusiastic response of
my students. | wholeheartedly encour-
age anyone to consider sharing or
developing their knowledge and skills
via online training.

Resources

A list of online Web-based training
resources is available on the
accompanying CD-ROM. Feel free to
contact me, or visit my Web site, for
further information on my online art
classes.
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Digital Image/Sound and the Fine Arts: A Double
Major with Computer Science and Fine Arts

This paper describes the new double
major/minor in Digital Image/Sound
and the Fine Arts in conjunction with
the Option in Computer Science:
Computer Applications. Central to the
program is a two-course sequence,
each six credits and two semesters in
duration. DFAR 350 Multi-media
Authoring was introduced in the
1997-98 academic year, and DFAR
450 Advanced Workshop: Theory and
Practice in Digital Image/Sound will be
offered in the 1998-99 academic year.
Results of teaching DFAR 350 are
presented, including a demonstration
of the course Web site used to support
in-class teaching and examples of
student work using HTML, Macromedia
Director with Shockwave, VRML and
Javascript.

The emergence of the “digital arts”
calls for a re-alignment and exploration
of intersections across a number of
disciplines previously separated by
department and faculties at universi-
ties, colleges, and specialized schools.
The World Wide Web is perhaps the
most recent example of how a new
technology “retools” pre-existing skills
and aesthetic practice from previously
separated domains. Successful Web
page development may involve the
traditional skills of a story teller, writer,
poet, copy editor, art director, graphic
designer, typographer, illustrator,
painter, photographer, and composer, in
combination with the newer expertise
of the 2D and 3D animator, digital
non-linear video editor, software
programmer, sound effects designer,
cognitive psychologist, and human
factors engineer.

Howard Gardner’s theory of multiple
intelligences identifies seven separate
modalities: linguistic, musical, logical-
mathematical, spatial, bodily-kinesthetic,
and intra personal [Gardner 1983]. It is
clear that all modalities are used in

varying degrees in multimedia design.
Other useful strategies for teaching
multimedia design can adopted from
Donald Norman's identification of the
stages of complex learning [Norman
1977] and Seymour Papert's assertion
that “We should think of the computer
as what you make something out of, or
as a medium that gives you the oppor-
tunity to express yourself and access
what other people have expressed”
[Papert 1995]

Because of the diversity of programs at
the graduate and undergraduate levels,
the university can take a leadership
role in pioneering new programs that
address the educational requirements
of our “digital age” The Computer
Applications Option was developed in
recognition that computers are being
used in novel ways in widely different
disciplines. The new Digital Image/Sound
and the Fine Arts program was created
to offer an educational “blend of com-
puter knowledge and artistic studies” The
double major program allows

computer scientists to study particular
fine arts disciplines, and allows artists
to cross over into the more scientific
realm of computer science.

This university program differs from
short-term, application-specific training
by offering an in-depth technical and
artistic education requiring for the
double major 45 credits in computer
science and 45 credits in fine arts.

A student can elect to receive either

a Bachelor of Science or a Bachelor
of Fine Arts degree. In specifying the
39-credit Computer Science Core,

two credits in Technical Writing, and

a further four credits in Computer
Science, the Computer Applications
Option provides full flexibility for stu-
dents to innovatively combine a solid
grounding of hardware and software
with an application area of their choice.
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The Computer Science Core consists
of the following sequence of courses:

Year |
COMP 228 - System Hardware
(3 credits)

COMP 229 - System Software
(3 credits)

COMP 238 - Mathematics for

Computer Science |
(3 credits)

COMP 239 - Mathematics for
Computer Science I
(3 credits)

COMP 248 - Introduction to
Programming
(3 credits)

COMP 249 - Programming
Methodology
(3 credits)

Year |1
COMP 352 - Data Structures and

Algorithms
(3 credits)

COMP 353 - Files and Databases
(3 credits)

COMP 335 - Introduction to
Theoretical Computer

Science
(3 credits)

COMP 346 - Operating Systems
(3 credits)

Year 111

COMP 326 - Computer Architecture
(3 credits)

COMP 354 - Software Engineering 1
(3 credits)

A two-credit course in technical writing
and one four-credit Computer Science
Elective taken from courses numbered
above 300 complete the 45-credit
requirement in Computer Science. The
remaining 45 credits can be used to
complete a Major or a Minor program
in any discipline of Arts and Science, or
it can constitute the 45-credit Major in
Digital Image/Sound and the Fine Arts.
The 45-credit program in Fine Arts is
designed so that students enrolled in



the Major in Digital Image/Sound have
a range of choices in their first year
from introductory courses, which
include Photography, Design Art,
Interdisciplinary Studies, Computer
Music, Film Animation, and Studios in
Fine Arts (SFAR) courses. In the sub-
sequent two years, students take
advanced courses from the same Fine
Arts programs.

Concentration requirements include the
following three courses:
FFAR 250 - Visual and Performing Arts

in Canada
(6 credits)

DFAR 350 - Multi-Media Authoring in
the Fine Arts
(6 credits)

DFAR 450 - Advanced Workshop:
Theory and Practice in

Digital Image and Sound
(6 credits)

12-15 credits are taken from the

following courses:

DART 200 - Design Art Theory and
Practice
(6 credits)

EAMT 205 - Electroacoustics |
(6 credits)

FMAN 304 - Animation Il
(9 credits)

IDYS 200 - Studio Seminar in
Interdisciplinary Studies |
(6 credits)

PHOT 200 - Foundations in
Photographic Vision:
Theory and Practice |
(6 credits)

Or a choice from one of the Studio in

Fine Arts Courses:

SFAR 250 - Visual Language as
Content
(6 credits)

SFAR 260 - Integrated Drawing:
Intersections
(6 credits)

SFAR 270 - Extended Studio Practice
(6 credits)

The remaining requirements include an
additional 12-15 credits of upper-level
courses chosen from the following
programs: Design Art, Film Animation,
Interdisciplinary Studies, Music, and
Photography. The 30-credit minor
option in Digital Image/Sound is
intended for a limited number of
students in Fine Arts who are not
enrolled in the Computer Application
Option. Similar to the major, it has two
required courses (FFAR 250 and
DFAR 350). The remaining 18 credits
offer a choice of six to 12 credits of
the same introductory courses as the
major and an additional 6-12 credits of
advanced courses to give students a
grounding in the aesthetic and techni-
cal issues of a particular discipline.

Admission requirements for the
Computer Science Option include at
least two previous courses in calculus
and one in linear algebra, a G.PA. of
3.0 and previous enrollment in provin-
cial (Canada) preparatory programs
(CEGEP 10.12) or the equivalent. For
the Fine Arts, an application requires a
letter of intent, transcripts, and submis-
sion of a portfolio of 10-20 slides of
visual work and/or a video and/or an
audio tape. Students are admitted who

have a background in the fine and per-
forming arts and demonstrate the apti-
tude for learning the technical skills for
multimedia design.

DFAR 350 Multi-Media Authoring in
the Fine Arts focuses on teaching Web
page design using HTML, multimedia
design using Macromedia Director with
Lingo scripting and Shockwave, and
building virtual worlds using Virtual
Reality Modeling Language (VRML).
Additional topics include issues in
graphic design, color, typography and
layout; perception, cognition and
human factors; human-computer inter-
face design; navigation; and hyperme-
dia design. Sound digitizing, editing,
mixing, and MIDI are also covered as

The Virtual Museum, Paul Ortchanian, DFAR 350

an important part of multimedia design.
It is expected that HTML (Hypertext
Markup Language) and VRML will be
learned by building Web pages and vir-
tual worlds by hand. Other techniques
are introduced, such as GIF animations,
inline QuickTime, and embedded
Javascripts.
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Digital Image/Sound and the Fine Arts: A Double
Major with Computer Science and Fine Arts

Weekly assignments are to be com-
piled and presented as an electronic
journal and posted on the course Web
site at year's end. These include exer-
cises that develop specific knowledge
and technical skills according to the
current subject under study. There are
two minor projects, each four weeks in
length. In the first minor project (fall
semester), titled “Le Musée Imaginaire;’
students worked with Macromedia
Director to create an imaginary muse-

Chair-not-a Chair Yves Gigon, DFAR 350

um or a “museum without walls” as an
interactive desktop presentation. This
minor project was followed by the Fall
Major Project I: “Vers un musée virtuel
interactif’ (Toward an interactive virtual
museum). In the traditional museum
setting, visitors are normally not
allowed to touch the works of art. In
the virtual museum, the user is encour-
aged to “touch” the immaterial objects.
In this major project, the basic experi-
ence of looking is haptically extended
by allowing the user to interact directly
with and manipulate the art work.

In “Chair-not-a Chair students select-

ed a photograph of one of the classic
“De Stijl” chair designs by Gerrit
Rietveld, such as the “Blue Red” or
“Zig-Zag" chairs, and modeled it in
VRML, adding sound, behaviors, anima-
tions, and environments. The second
major project is a student choice pro-
ject, which permits students to contin-
ue developing their first major project,
or continue with the VRML project, or
create an entirely new project using a
combination of HTML, Javascript,

Director, and Lingo. Students are
required to identify the project as a
Web site or a stand-alone desktop pre-
sentation presumably for CD or DVD.
In effect the minor projects are treated
as opportunities to create in-depth
experiments, mockups, and prototypes
for major projects. The purpose is to
build, test, and discover what works or
doesn’t work technically, cognitively,
and aesthetically.

In an special arrangement, students are
given access to resources and original
source materials provided by the
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Montréal Museum of Fine Arts, such as
digital scans from the collection and
authoritative text in French and English.
Successful student projects may be
included in the Montréal Musée des
Beaux Arts Web Site. In addition, stu-
dents from the Digital Image/Sound
program are participating in a multime-
dia collaboration between Concordia
University and K-12 schools sponsored
by the Charles R. Bronfman Foundation
and the J. Armand Bombardier
Museum and Foundation. Other stu-
dents enrolled in this program have
been awarded contracts by Stentor
Communications, an alliance of 11
Canadian telecommunication companies.

After reviewing student progress and
the difficulties encountered during the
first year of the program, the following
recommendations for curriculum addi-
tions and changes can be identified:

Year |

DFAR 200 - Introduction to Computer
Fundamentals in the Fine Arts

(3 or 6 credits)

Covers basic skills such as scanning, image pro-
cessing, vector and bitmapped graphics file types,
digital typography, and fundamentals of digital
sound.

DFAR 250 - Introduction to Multi-
media Authoring

(6 credits)

Introduction to Macromedia Director using menu-
driven authoring. Web page design using Page Mill
(or equivalent).

Year Il

DFAR 300 — Building Virtual Worlds
in VRML

(6 credits)

One year in-depth introduction to VRML with the
requirement of building a major project.

DFAR 350 — Intermediate Multi-media
Authoring

(6 credits)

In-depth HTML, Director with Behaviors, Lingo,
Shockwave, and Lingo for the Internet.



Year Il

DFAR 400 — Multi-Media Scripting and
programming

(6 credits)

This course separately covers Javascript, Java, and
CGlI programming (Perl) for multimedia design.

DFAR 450 — Advanced Workshop:
Theory and Practice in Digital
Image/Sound

(6 credits)
Year-long projects using all authoring tools.

DFAR 460 — Seminar in Critical Issues

in Art and Technology

(3 or 6 credits)

This courses investigates the theoretical and criti-
cal issues surrounding art and technology.

DFAR 498 — Internship Program
(3 or 6 credits)

Students volunteer at companies with faculty
supervision.

DFAR 499 — Coop Program

(3 or 6 credits)

Students are employed and paid by companies to
work on multimedia products.

While it is not possible to cover all the
related disciplines in depth, it is clear
that the multimedia artist/designer
needs to be conversant with a wide
range of technical and aesthetic prac-
tice. The new program in Digital
Image/Sound and the Fine Arts, by
offering a double major with Computer
Science, provides an important step
toward preparing students for a future
in multimedia design. Guided by learn-
ing theories of Gardner, Norman, and
Papert, this program follows the dual
principles of “learning by doing” and
“user-centered education” in an envi-
ronment of structured collaboration.
[Garvey 1995].
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The Language of Cinema and Traditional Animation in
the 3D Computer Animation Classroom

Sophisticated technology, particularly in
the area of three-dimensional comput-
er graphics, has become more afford-
able, enabling university art depart-
ments to add 3D computer graphics
imaging and animation to their curricu-
lum. Offering a productive learning
environment where content and mean-
ing is not overshadowed by the neces-
sary volume of technical information
can be a challenge. To use the equip-
ment creatively, students must learn
certain steps and processes. A struc-
ture is needed to simplify the complex
balance between the technology, ani-
mation techniques, and content. How
do students learn to use these
advanced tools and at the same time
develop their own visual language? The
desired structure can come from iden-
tifying where traditional media, specifi-
cally film and animation, overlap 3D
computer graphic animation and where
3D has “rules” of its own. From these
intersections, an effective strategy for
teaching 3D animation can be created.

In the curriculum where | have devel-
oped this approach, students only have
two semesters of 3D coursework. The
first semester, they learn to model,
light, and apply materials and textures;
in the second semester, they animate.
More than a few are mesmerized with
the technology at first, then frustrated
as they try to get it to build the cool
objects they had envisioned. By
emphasizing their combined role of
director, camera operator, lighting tech-
nician, and animator students see more
of the “big picture” of moving images in
3D. The technology, the “HOW” of
using the computer to create this com-
munication, is then learned in the
process of exploring film and animation
techniques.

Cinema

Cinema is the art of the moving image.
There is a camera that defines the
viewing frame, a set for the action to
occur in, objects, characters, and light-
ing. By looking to cinema, we can iden-
tify the basic tasks, as James Monaco
does: “Three questions confront the
filmmaker: what to shoot, how to shoot
it, how to present the shot'* The “what”
is tackled through conceptualizing and
scripting. The “how to shoot it”
addresses the use of the camera to
carry the meaning and intent of the
script. “How to present the shot” moves
us to syntax, or how the pieces will be
organized to form the complete whole.
The storyboard is the template that
evolves from the answers to these
three basic questions. As in spoken
and written language, a structure is
formed that the viewer follows and
feels - a beginning, a middle, and an
end. This engages viewers, carrying
them through conflict and resolution, in
humorous or dramatic situations.

The cinematographer's tools include
sets, lighting, camera angles, and cam-
era movement. These are also the tools
of the 3D animation student. Like the
filmmaker, they use a script, storyboard,
and concept drawings to model their
scenes and characters efficiently.
Scripts and storyboards are not the
students’ favorite thing to do! The real
necessity for scripting and storyboard-
ing is emphasized through thinking
from the perspective of creating shots.
To do this, the student has to consider
many questions. Where is the camera
(the viewer) going to be? What is the
viewer's role? Will the camera move
and how? What is in the scene?

From the filmmaker, we learn to plan
lighting, camera angles, and movement
as these shape meaning and create
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the desired emotion and interpretation.
Color, contrast, angle, and field of view
all work to give viewers information
about what they're seeing and how to
see and interpret it.

Translation of fill, rim, and key lights
into the software’s lighting tools is
explored. Most 3D software has a
selection of types of lights, from point
lights to the sun, which the user can
define. “Wattage” can be determined,
as well as placement and direction,
depending on the type of light. Lights
can be designated to include or
exclude certain objects, a task that is
much harder in real life!

Figures 1a and 1b. Two examples of how lighting
impacts the interpretation of a character. Images
by David Beeler.



Figures 2a and 2b. This demonstrates the same
set shot two different ways. In both shots, the
camera starts in the same location; one shot uses
tracking, in which the camera follows the object,
the other uses a pan, where the camera turns on
its axis to follow the object. Images by Pamela
Turner.

Once modeling, texture mapping, and
lighting are learned, the student moves
to animation. Camera movement is the
first animation lesson. Here we address
the “how” of shooting the scene. Basic
camera moves (dolly, tracking, pan, tilt,
and zoom) and how these moves and
combinations of them can be emulated
within the 3D computer environment
are demonstrated. There are more
active camera movements, thanks to
helicopters, cranes, and remote control
devices, allowing the viewer to see
things, to be places, they would rarely
see or experience in real life. 3D soft-
ware makes this even more possible.
However, the new student usually has
no problem making the camera fly
around like an angry bee, creating a

viewing experience conducive to
motion sickness. Moving the camera is
easy. You just draw a path and adhere
the camera to the path, and off it goes.
It is control and communication that is
difficult to achieve. While trying not to
deny students any of the shots that a
free-moving camera can offer, the
angry bee approach is discouraged.
The emphasis is placed on why the
camera is moving, not just how do we
move it within the software. Is it to fol-
low a character, to place the viewer in
the middle of the action, or to reveal
objects?

Students are shown snippets of film to
clarify camera movement and to help
them better understand how the cam-
era is being used in the communication
process. One of the examples used is
from Kurosawa's “Dreams;2 specifically
the dream of The Village of Watermills.
Here the camera is an active observer,
following the character as he walks
into the village. The camera tracks with
the character as if on a parallel path.
Then the camera combines the track-
ing movement with a pan as the view-
er's path shifts direction and converges
with the character's. The viewer is then
facing the character, watching as he
crosses the old bridge over the stream.
The camera allows us to share in the
experience of the character. We, like
him, are wandering, curious and
enchanted by the old village.

Another example is a scene in Jim
Jarmusch’s “Down By Law!® In contrast
to Kurosawa's camera, here there is
minimal movement. Jack and Zack are
in jail. Jack is talking about what he’s
going to do when he gets out. He
paces front to back, left to right, defin-
ing the space. The camera only moves
slightly to keep him in frame as he
comes front and right. The focus is on

him as Zack sits in the background.
The stillness of the camera, the tight-
ness of the frame, emphasize the rela-
tionship and isolation of the characters,

Figures 3a and 3b. Camera movement to pull the
viewer into the scene as it pulls back to reveal the
subject. Stills from animation by Russ Honican.

as well as the intensity of Jack’s rever-
ie. The camera is unobtrusive. The
viewer is present, quiet and intently
observing.

Through watching these segments, the
students become more sensitive to the
role of the camera, and how important
camera placement and movement is in
conveying meaning and intent. The
camera is the viewer, and its placement
and action determine the viewer's
involvement in the scene. Now the
software can be approached with a
better understanding of the medium.
How to get the camera to pan, track,
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The Language of Cinema and Traditional Animation in
the 3D Computer Animation Classroom

and dolly. How to combine movements
like pan and zoom. How to fine tune
those movements, to allow the camera
to hesitate, slow down, or speed up.
These are learned through technical
demonstrations and then by applying
them through individual animation.
Camera movement is keyframed, or
cameras are placed on a defined path.
Function curves are edited to refine the
motion.

Perhaps the most difficult topic to
teach is syntax. This is the structuring
part of the process, where images are
sequenced to communicate time and
space, creating a style and structure
for the work. The students have decid-
ed what to shoot and how to shoot it;
now they must present these shots.
Here the need for previsualization,
scripting, and storyboarding becomes
most apparent. They must organize
their scenes and think of transitions,
fades, and cuts, and plan their anima-
tion accordingly. To do this, they have
to think of the animation as a finished
piece and break it down into shots.
Scenes must be managed so that cam-
era movement, models, and lighting
match from cut to cut. These consider-
ations determine what sets and models
actually need to be built.

This is not only a technical concern.
Choices in image structure and
sequence are tools, just as lighting and
camera movement are tools, for com-
munication. Fast-paced cuts indicate
excitement, a building of suspense.
Longer shots allow thoughtfulness and
rest. A cut from a shot tracking a char-
acter to a shot from the character's
point of view gives us a “second cam-
era; access to another perspective in
experiencing the scene. Addressing
syntax gives the student a better grasp
of structure, timing, and storytelling -
elements that are usually weak in early
attempts at animation, video, and film.

Students must visualize how to shoot
and present the shot as they develop
their storyboards, before they start
modeling. They are encouraged to use
the software as a tool to do preliminary
tests in making these decisions. Once
the storyboard is developed, it is used
as a guide in the process of creating
the scenes. Environments are modeled
and lit much like film sets, keeping the
camera in mind. Objects that appear in
the background have simpler geometry
and lack close-up details, as they're
never viewed closely. Close-up shots
are modeled separately. Walls or areas
that are never seen are never modeled.
Here the need for previsualization,
scripting, and storyboarding becomes
obvious. Otherwise, the student tends
to work more sculpturally, modeling
whole rooms and objects without
respect to the ever-present camera
frame.

Traditional animation techniques are
addressed to help students create and
control object/character movement.
Cartoons and animation are so much a
part of their visual vocabulary that they
don't consciously notice things like
anticipation and exaggeration. But the
lack of these elements can make an
animation difficult to “read” Viewers
miss important signals. They need a
cue that the character is going to run
off screen or turn her head, a cue as to
what to look at next. And even though
students may have learned these tech-
niques in traditional animation classes,
they sometimes have to be reminded
to apply them in 3D animation as well.
These animation concepts can be diffi-
cult to simulate, depending on the stu-
dent's 3D modeling ability. If the object
wasn't built with movement in mind, it
probably isn't going to move convincingly.

Animation videos are used to demon-
strate the use of walk cycles, squash
and stretch, anticipation, exaggeration.
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All types of animation are viewed, but |
find clay animation to be particularly
helpful as it, too, is 3D. A favorite
example is Nick Park’s “Creature
Comforts,4 where zoo animals gesture,
sigh, blink, and scratch as they are
interviewed about their accommoda-
tions. Here we find wonderful examples
of character motion creating personalities.

Animating in a virtual 3D environment
that has no gravity is much like creat-
ing drawn or clay characters when it
comes to communicating weight. The
animator has to imply weight through
the object's movement. Motion is stud-
ied, particularly head and eye move-
ment, and walk cycles. The use of over-
lapping motion, which is critical in 3D
characters, is emphasized.

Once these techniques have been
identified, the appropriate software
tools are introduced. There are numer-
ous ways to create object movement,
depending, of course, on the software
used. Models can be translated, rotat-
ed, and scaled. They can be squished
and stretched in numerous ways. Many
software programs offer animation
tools that create squash and stretch
based on the object's keyframed move-
ment. Natural forces such as wind and
gravity can be applied so that the
object reacts to the environment.
Inverse kinematics® is taught as we
investigate walk cycles. It is the stu-
dents’ storyboards that guide the tech-
nical demonstrations, their ideas pro-
viding the motivation to explore these
digital tools, as they work to create the
illusion of life.



Figures 4a and 4b. Camera tracks back to reveal
that things are not what they initially seemed to
be. Stills from animation by Kelly Perkins.

Conclusion

Borrowing from the already-developed
principles of cinema and animation has
proven to be an effective approach to
teaching 3D animation and more.
Students are exposed to new ideas
through discussion and viewing con-
temporary work in animation and film.
This approach helps make them aware
of the context they live in and gives
them the tools to create within that
context. Through observation and appli-
cation of cinema and animation tech-
niques, they come to understand the
connection between form and content,
and how these techniques are used to
effectively convey intended meaning.
This encourages content development,
without which the work is just a techni-
cal exercise. Understanding this, they
are then able to articulate complete
thoughts and not simply rehash what
they observe in current 3D venues
(games, special effects sequences, ani-

mations, and cartoons) but to express
their own individual ideas and vision.

Students’ response is positive, although
| know it is challenging for them as the
3D software is unlike other software
they've used. The interface is different
and there are many new techniques to
learn. Looking at the big picture gives
them a different perspective, so they
can step back and view the technology
critically and avoid being overly
enchanted by it. | believe they become
more critical of their work as they gain
understanding of why and when to use
this tool and not just how. This is evi-
denced in the critiques. There is much
more discussion about the intent and
communication of their work than
before. | hear comments like: “Is there
a reason the camera is moving there?”
“Perhaps some shoulder movement
would help us read her character bet-
ter” “| think the camera needs to hold a
few seconds longer here so we can
connect to that character” They're
directing and animating, not just honing
software skills. | have to remind them
to ask technical questions relating to
the use of the software.

Using cinema and animation as a guide
in teaching doesn't necessarily add to
the amount of information | have to
cover in the class. Rather it provides a
natural structure for the techniques
that are taught. Students have only two
semesters total of 3D imaging - one
for modeling, the second for animation
— so there is not the time, or resources,
for doing full feature animation here!
They are reminded to integrate skills
learned in their other film, animation,
and video classes. They learn to model
concisely, and to say something eco-
nomically. Television has taught them
that 10 seconds is enough time to
make a point. Being able to “say some-
thing” gives them more initiative to
learn how to use the technology. By
the end of the semester, the computer

has become almost transparent. The
emphasis is on the content, not on
pushing buttons.

Ultimately, | feel the students receive a
better visual communications educa-
tion. They get to take a further, more
interesting journey. And along the way
they create some pretty interesting ani-
mation.
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Teaching Computer Graphics with Spreadsheets

Abstract

Spreadsheets are a great way to intro-
duce computer graphics concepts to
computer science students. Through
direct manipulation of numbers, stu-
dents develop a more concrete under-
standing of the data they compute
from the formulas they derive and use.
This paper presents some experiences
using spreadsheets for in-class demon-
strations and homework assignments.

Background

The introductory course at Pace
University is offered as an elective to
undergraduate students enrolled in the
CSAB accredited BS and non-accredit-
ed BA degrees in computer science.
Typical textbooks used in the course
are Computer Graphics by Donald
Hearn and Pauline Baker, Computer
Graphics by Francis Hill, and
Computer Graphics: A Programming
Approach by Steve Harrington.
Prerequisites for the course include
completion of a computer science core
including C++ programming, data
structures and algorithms, computer
architecture, and operating systems.
The mathematics prerequisite is two
semesters of calculus. Most juniors and
seniors who enroll in computer graph-
ics have completed courses in discrete
mathematics and statistics. A single,
two-semester laboratory science
sequence such as chemistry or physics
is required for the BS degree but not
the BA degree. Because of scheduling
requirements, the laboratory science
sequence is frequently deferred until a
student'’s senior year.

A student entering the computer
graphics course with such a back-
ground exhibits one significant defi-
ciency: inability to visualize the kinds of
numbers that enter into and arise from
the equations they derive and program.
There are two reasons for this deficien-
cy. First, computer science courses
concentrate on symbol manipulation

and processing. Numerical methods
are barely considered at all. Second,
the numerical data processing skills
taught in chemistry and physics cours-
es, especially through their laboratory
components, have not been cultivated
in these students.

Since computer graphics is part data
structures and algorithms and part
mathematical methods, the student
deficient in numerical data processing
skills is unprepared for half the com-
puter graphics course. The program-
ming process compounds this problem,
with its design, code, debug, and test
cycle, by short circuiting a student's
attempt to gain a feel for the mathe-
matical methods and the numbers aris-
ing from them. To solve this problem,
spreadsheets have been integrated
into lectures and homework assign-
ments, covering topics such as:
absolute and relative addressing, two-
and three-dimensional transformations,
parametric functions, window-viewpoint
mapping, and parallel and perspective
projections.

Spreadsheets are excellent tools for
data visualization because they allow
data to be easily input, dynamically
updated, and readily viewed. Formulas
can be created that include any combi-
nation of the spreadsheet’s built-in
functions, including trigonometric func-
tions. These formulas are easily exam-
ined, tested, and changed. Their output
values are automatically updated when
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Pace University
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the cells upon which they are con-
structed have their data values
changed. Spreadsheets can contain
dynamically linked charts, which are
automatically redrawn when the data
upon which they are based is changed.
In addition, changing the position of
data points in charts by using the
mouse causes the data to be updated
in the cells upon which they are based.
Finally, spreadsheets, such as Microsoft
Excel, are ubiquitous, included with the
purchase of most computers.
Therefore, spreadsheets can be
thought of as a simple interactive
graphic environment where data is
input, equations are entered, and charts
are built and interactively explored.

Using Spreadsheets

Spreadsheets are used to augment
lecture demonstrations and as home-
work assignments. Incorporated into
lectures, they are linked to derivations
of formulas for two- and three-dimen-
sional geometric transformations, win-
dow-viewpoint mappings, and projec-
tions. For lectures on parametric
curves, spreadsheets are integrated
into class presentations and discus-
sions. For example, in a lecture about
composite two-dimensional transforma-
tions, such as rotation about an arbi-
trary point in two-dimensional space,
the students are led through the con-
cepts of deriving a composite transfor-
mation with the sequence of steps:
translation to origin, rotation about ori-
gin, and translation back. Matrices are

Figure 1 Excel spreadsheet demonstrating two-dimensional scaling transformations.
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written on the blackboard and multi-
plied to create the final composite
transformation matrix. Finally, the pro-
grammable equations are extracted
from the matrix transformations. At this
juncture, the instructor builds a spread-
sheet using sample data, such as the
unit square. Different angles are fed
into the formulas and the output of
each is discussed. At the end of the
class session, students are handed
screen dumps of the spreadsheet con-
taining sample input data, output data,
and the corresponding charts. They are
expected to recreate the spreadsheet
at home. The spreadsheet formulas
that they have created become starting
points for their programming exercises.
The numerical output data become test
cases.

Sample Applications

Four sample applications of spread-
sheets are presented below: scaling
transformations, rotation about an arbi-
trary point in the plane, parametric
curves, and perspective projections.

Scaling Transformation

Figure 1 displays an Excel spreadsheet
that has been constructed to
demonstrate the effects of absolute
and relative scaling transformations on
geometric data. Absolute scaling not
only enlarges the object but effects a
translation, while a relative scaling
transformation enlarges the object in
place. This latter composite transforma-
tion results from a derivation where an
object is translated to the origin,
scaled, and translated back. The
spreadsheet is laid out so the columns
containing the original xy coordinates
are parallel with the x'y’ counterparts
that result from application of the
transformation formulas for absolute
and relative scaling. The highlighted
cell (H25) has its formula displayed at
the top of the figure, revealing its
dependency on the x coordinate scale
factor in cell C21, and the original x
coordinate data in cell B25.

Excel's charting wizard is invoked to
create two charts in the scatterplot
chart format. Each scatterplot is con-
structed by Excel connecting each pair
of data points in the sequence with a
line. The coordinates of four points
defining a unit square are placed in
cells B25:C29 in clockwise order. The
first point is replicated at the end of
the list. This addition ensures that the
polygon will be drawn with four sides.
Each chart contains two polygons. The
blue polygon is the original data. The
red polygon is the transformed data.
These charts are dynamic entities. They
are automatically adjusted when there
is a change in the contents of the cells

Rotation About an Arbitrary Point in the Plane
Figure 2 displays a spreadsheet for a
2D rotation of a unit square about a
point X, Y.. As with the scaling exam-
ple, an x, y scatterplot has been pre-
pared to visualize the effect of chang-
ing the angle of rotation. The highlight-
ed cell contains the transformed x
coordinates of the first data point. Its
equation is revealed at the top of the
figure. Note calls to built-in sine,
cosine, and pi functions. Note as well
the conversion of the input angle from
degrees to radians, a process mirrored
in a student’s implementation of the
transformation equation in a program-
ming language.

Figure 2 Excel spreadsheet demonstrating two-dimensional rotation about an arbitrary point.

from which they are built. If either scale
factor is adjusted, formulas recompute
the scaled coordinate values, and the
chart is immediately redrawn.

The standout point about this spread-
sheet is that it is an interactive text-
book page. Instead of viewing static
textbook images and relying on associ-
ated descriptive text, the student can
alter input data to see the effects of
both transformations side-by-side.

It is possible to change a cell's contents
by direct manipulation of its corre-
sponding plotted point. The second
chart found within this spreadsheet is a
bar chart of the rotation angle. For
example, by double clicking the mouse
on the bar chart of the angle, and drag-
ging its top boundary, the bar may be
slid up and down. Angle data in cell C4
is simultaneously updated, which, in
turn, updates the data points and their
graphical representation.
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Parametric Curves

One example of the strength of this
method is in the teaching of parametric
equations such as Bezier curves. The
screen dump of a Microsoft Excel ses-
sion is shown in Figure 3. The chart
contains four control points connected
by three straight lines and the smooth
curve the control points generate. The
control points reside in the cells above
the plot. Computed x, y values for the
smooth curve are in the cells to the
plot's left. The spreadsheet was creat-
ed in a matter of minutes with the defi-
nition of cells for control points and
inputting of two formulas. The plot was
created by highlighting the range of
cells below the column headings P(x),
P(y) and executing Excel's chart wizard.

The most interesting part of this
spreadsheet is that new shapes of the
Bezier Curve may be created by click-
ing on the control points in the plot and

Figure 3 Excel spreadsheet for Bezier curve.

dragging them to any location. This
process updates the control point data
in the cells above the plot and in turn,
updates the P(x), P(y) values.

Perspective Projection

An Excel screen dump from a lecture
demonstration on perspective projec-
tion in presented in Figure 4. The origi-
nal database defining a wireframe rep-
resentation of a cube resides in cells
C9:F16. The projected points are in
cells H9:J16. Center-of-projection
coordinates are found in cells H6:J6.
Below the projected vertices are cells
containing these points reassembled
into front and rear polygons, followed
by four line segments that connect
them to complete the cube.

The Excel scatterplot for the perspec-
tive projection appears to the right of
the wireframe data. It contains X, Y,
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the x, y location of the observer,
marked on the chart by a triangle, and
the wireframe model of the cube.To
create the wireframe image, it was
necessary to group the datapoints,
separating them by rows of empty
cells. This was done because Excel
connects each point in sequence. If left
to its own devices, Excel's rendering
would contain unwanted cross connec-
tions among points. Blank cells act as
delimiters, telling Excel to stop con-
necting the dots. When a subsequent
filled cell is encountered, Excel begins
drawing anew. Hence, this data
arrangement instructs Excel to draw
two polygons and four line segments.

Below the original vertex data is a
chart displaying a sideview rendering of
the viewing environment containing
data culled from all the spreadsheet's
cells. From left to right, the chart con-
tains: the viewer's position in the nega-



tive z direction, viewplane projected
points at z=0, and line segments
depicting front and rear cube faces.
This chart complements the perspec-
tive projection by showing the viewer's
station point relative to the data and
viewplane. It also shows the y values of
each data point projected onto the
viewplane. Notice that rear-face ver-
tices are marked with filled diamonds
and front vertices with filled circles.
Most students have difficulty visualizing
three-dimensional shapes. Their prob-
lems are compounded through projec-
tive transformation, which distorts
these shapes in the projection plane.
By using the spreadsheet to create
multiple viewpoints, the student can
better sense the dimensions of the
visual space and the portions of this
space occupied by the object, the view-
er, and the projection plane. This
spreadsheet works well as part of a
lecture demonstration, where the

Figure 4 Excel spreadsheet for perspective projection.

instructor may move fluidly between
object and projection changing para-
meters at will.

Conclusion

The strength of the spreadsheet
approach is that the spreadsheet is an
interactive visualization tool or scratch-
pad. Students can work out an under-
standing of their formulas and deriva-
tions, then build their programs. The
use of spreadsheets can be easily
taught as in-class demonstrations and
integrated into the equation derivation
process. The computer graphics topics
amenable to the use of spreadsheets
are: absolute and relative addressing,
visualization of parametric equations
including Bezier curves, window-view-
port mapping, two- and three-dimen-
sional transformations, and parallel and
perspective projections.
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Abstract

Topics within computer graphics still
cannot be adequately presented and
explored with traditional teaching
methodologies and tools. An integrative
approach to combine lectures, examples,
programming exercises, documentation,
supported by a common sophisticated
interface, is greatly needed. In this
paper, we discuss and present the
concept, realization, evaluation, and
experiences of a computer graphics
course that was developed at our lab
to focus on this need. It is one of the
first complete computer graphics
course on the World Wide Web
combining course text, programmed
examples, and course exercises in

a common hypertext framework.

Introduction

Visualization and interaction are the
major topics of current computer
graphics. Teaching these issues using
only traditional teaching methodologies
and tools, such as blackboards, slides,
and even videos, cannot provide real-
life examples. Only in real-life settings
can the teaching react flexibly to the
various questions that arise during
discussions. As in physical research,
problems and challenges in computer
graphics can only be recognized
through exploration in experimental
situations. The experiments consist
of programs.1® Working with the
programs not only helps to illustrate
problems, but also increases student
motivation. Furthermore, providing
students with these programs enables
them to repeat the experiments, build
up their own settings, and deepen their
understanding. This greatly improves
learning.

In earlier times, such experiments were
not included in traditional lessons. On
the one hand, several different, expen-
sive programs were necessary to cover
the whole content of a computer
graphics lecture, and, on the other

hand, students didn't have appropriate
hardware to run them at home. In
addition, becoming familiar with all
the different programs took too much
time and could not be done in one

or two semesters.

This also leads to serious problems
with the practical exercises that
accompany the lessons. A major
goal of the exercises should be that
students learn to implement the
graphics algorithms discussed in the
lecture. There were only two ways to
achieve this goal: students built up
their own graphics software systems
from scratch or they used some of
the existing program packages.
Both were nearly impossible due to
time constraints. The most common
compromise was to present exercises
that covered only a small amount of
the teaching content.

A further major problem has been the
number of different computing
platforms and operating systems. It
was nearly impossible to run the same
program on all different platforms.
Some of these ambiguities have been
addressed by a number of colleagues
working in the area of computer-sup-
ported education.18 2, 24,12 15,1720
Many authors23, 10 focus on the lack of
a platform-independent graphics pack-
age that can be used as a basis for
programming exercises. Fellner devel-
oped and used the object-oriented
Minimal Rendering System (MRT) as a
teaching and research platform for 3D
image synthesis.10 It is based on stan-
dard graphics packages like PHIGS,
OpenGL, or XGL for graphics output.

Another approach is choosen by
Wernert, 26 or 16 who describes a
unified environment for presenting,
developing, and analyzing graphics
algorithms based upon IRIS Explorer,
a modular visualization environment
that provides a visual data flow
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language and allows users to link
computational modules in order to
create visualizations.

Lotufo and Jordan developed the
well-known digital image processing
system Khoros. A similar approach is
described in.16 This nice system applies
high-level programming

(network wiring) to more traditional
coding of new modules. But there are
also some drawbacks. First of all, IRIS
Explorer is not platform-independent
and is only available on high-end PCs
and SGI workstations. Second, the
application cannot be interlinked with
a Web-based environment like our
course. For students, even more inter-
esting are the financial costs of a
commercial system like IRIS Explorer,
AVS or IBM Data Explorer.

In the meantime, the World Wide Web
together with Java and Hypertext
provide an appropriate framework to
generate common interfaces for inte-
gration of all elements of interactive
teaching courses, such as lectures,
programs, exercises, and consolidating
literature references. A certain number
of computer graphics courses4 5 14
already incorporate some of the ideas
described above on the basis of HTML.
The subsequent parts of this paper
describe and evaluate the developed
courses “Computer Graphik spielend
lernen’27 In the following section, we
give a brief overview of the course,
describe the Java-based programming
environment and the compilation tools
developed to integrate the different
parts of the course, then consider how
to generate reusable components
using Java Beans. Finally, we conclude
by reporting some experiences with
the courses, describing our current
work and giving a brief overview of
our future activities.



The Course

Contents

The course contains the following top-
ics: Computer graphics hardware,
raster algorithms with aliasing and anti-
aliasing, 3D transformations, visibility,
color, local illumination schemes, mod-
eling techniques, simple animation, tex-
ture mapping, global illumination tech-
niques (ray-tracing, radiosity), basic
image processing, and volume visual-
ization. These topics are distributed
through two courses. Both courses are
based on, or related to, the books8 9
and corresponding scripts from the
Fernuniversitat (Correspondence
University) in Hagen, Germany. The
courses have been tailored to students
of computer science and contain a
variety of programming assignments.

In their current form, the courses are
not well suited for engineering stu-
dents: Such students prefer a course in
which they can learn how to use com-
mercially available packages instead of
having to invest too much time in pro-
gramming examples of basic computer
graphics algorithms.

The programming exercises are done
in groups of two or three students
using the Java-based programming
environment. The Java source code of
the environment is available as a
hyperlink and can be downloaded by
the students. Comprehensive written
instruction is available for each exer-
cise in the form of HTML pages. In
order to read it, students need to use a
Web browser such as Netscape
Navigator or Microsoft Internet
Explorer. Since one of the aims of our
course is to make the students familiar
with graphics programming, it is impor-
tant to provide them with sample pro-
grams to work with.

Structure

An HTML page provides a unified

interface to our new Web-based com-

puter graphics course. Starting at this

page, one can follow links to HTML

pages containing or referring to:

1 The instruction manual and editorial
content of the course itself.

2 The script and list of available java-
applets.

3 The programming exercises.

4 Links to external documentation and
sources.

The Script and the Java Applets

The entire course text is available in
hypertext and presented in its own
browser window. The contents and
structure of the hypertext is the same
as in the original course text. The
hypertext contains not only cross refer-
ences to figures, tables, literature, exer-
cisesm and footnotes, but also links to
corresponding Java applets and a
number of videos and slides available
via HTML that are shown during the
lectures. If the user follows a link to an

Figure 1 For each applet there is four-part documentation: An introduction, details on its features, a guided
tour covering its essential topics, and general information on its programming architecture.

The instruction manual first gives a
short introduction to the course and
some hints for private studies, and pro-
vides a list of symbols used throughout
the course. In addition, it gives a short
overview of the design of the course,
the programming architecture, and the
file structures. Last but not least, it
reports known bugs, such as the differ-
ent behavior of certain applets on dif-
ferent browsers. This list of known
bugs and comments can be extended
by the user. External links provide tuto-
rials for HTML and Java, public-domain
software, other Web-based courses
and further useful stuff.

applet or a video, it is started in anoth-
er browser window. The hypertext
pages that contain the Java applets
also provide links to the course text. In
this way, the user working with an
applet can immediately get the corre-
sponding theoretical background. In
addition, for each applet there is four-
part documentation (cf. Fig. 1): An
introduction, details on its features, a
guided tour covering its essential top-
ics, and general information on its pro-
gramming architecture. Note that the
course text, the applet, and its docu-
mentation are shown simultaneously in
their own browser windows.
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Both the course text and the hypertext
pages containing the Java applets con-
tain links to the Java API. In this way,
students have direct access to example
implementations of the presented algo-
rithms. The classes of the Java API
contain links to applets that demon-
strate their usage in real examples.

For certain classes, like Camera, there
are also links to the corresponding
course text.

The Programming Exercises

For each programming exercise, a
small example of the source code can
be downloaded, along with a short
introduction to the topic. The source
code of the exercises is also accessi-
ble through the Web, thus allowing for
easy switching among the theoretical
background information, the description
of the exercises, and the source code
of the latter. The aim is to support the
students during completion of their
programming tasks. Via hyperlinks to
the course text in HTML format, includ-
ing the Java applets, students can
review the theoretical background for
every single exercise.

Implementation

Generation of the Hypertext

The ingredients for the hypertext were
the original course texts as LaTeX
sources with images, the Java applets,
and the exercises. In the first step, we
manually generated an applet resource
file containing all information necessary
to automatically generate a hypertext
environment for an applet. This
includes the four-part documentation
of the applet and keywords used to
generate links into the course text. The
actual pages containing HTML tags for
the applet, including the header, the
links to documentation, the applet, and
the hyperlinks to the source text, are
then automatically generated by a Perl
script. This guarantees an easy-to-

modify and unified outlook of all
applets and saves an immense amount
of time in page design.

After the individual applet pages are
generated, the applet resource files are
used by another Perl script to automat-
ically generate a page that contains an
index of all applets. In addition to links
to the applets, this page contains the
title, introduction, and a motivating
image for each applet.

In an independent step, the original
LaTeX source files were modified. First,
links to the different applets were
placed into the course text. Then
anchor points named by the header
itself were automatically inserted.
These anchor points are used later as
hyperlink anchor points and are
referred by the java applets. The names
of the anchor points are copied into the
corresponding applet resource files.
After these two steps, we used the
program Latex2htmlé to convert the
course text into HTML format, which
still contains the unprocessed anchor
tags. These tags are processed in a
further step by an additional Perl script,
which generates the special course
text structure developed for our course.
This structure allows for folding and
unfolding the hierarchy of the chapters.
Each text page on the lowest level of
the hierarchy automatically links to the
previous and next text page as well as
to all predecessors in the hierarchy.

The Java Applets

We put special emphasis on a com-
mon, easy-to-use interface for the
applets. This is especially important, as
the whole course includes a variety of
different topics and the content of the
functionality of the applets differs
greatly. Some of the techniques we use
include: using the same colors for the
same context, using the same labels
and control elements with identical
meanings, and the same mouse con-
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trol. A clear structure for the visible
information is very important for design
of the applets for teaching purposes.
At first glance, students must be able
to recognize the topic of the applet and
the key elements of the teaching con-
tent and the connections between
them. Therefore, the visual part of the
applet containing this information must
attract their attention more than special
control elements that steer certain
parameters. Otherwise, the applet's
forest of equivalent choices would
overwhelm the students.

The Graphics Engine

The graphics engine plays the central
role in implementation of all the
applets. Previously, Java has provided
the user only with a 2D graphics inter-
face. For real 3D graphics program-
ming, we implemented our own 3D
graphics engine. It supports all 3D
functionality used throughout the
applets, such as cameras, shading
techniques, 2D and 3D texture, and
hidden-surface elimination. It is based
on our own 2D engine, which extends
the standard Java graphics engine.
This was necessary to supply abstract
data structures, like 2D grids, and
abstract event handling, like special
mouse interpretations, as well as totally
new components such as highlight
modes.

The Scene Graph

The scene graph was developed as a
programming basis for two reasons.
First. it should provide a rich set of fea-
tures for creating interesting 3D worlds
and provide a high-level, object-orient-
ed, programming paradigm that
enables us to rapidly deploy sophisti-
cated applications and applets. Second,
it should reflect the state of the art of
current graphics APIs21.1,257 in order
to make the students familiar with the
newest concepts of graphics technolo-
gy. The scene graph is an acyclic
directed graph and contains a com-



plete description of the entire scene, or
virtual universe. This includes the geo-
metric data, the attribute information,
and the viewing information required to
render the scene from a particular
point of view. The scene graph allows
the programmer to think about geo-
metric objects rather than about trian-
gles, about the scene and its composi-
tion rather than about how to write the
rendering code for efficiently displaying
the scene. Applications construct indi-
vidual graphic elements as separate
objects and connect them together in
the graph. If the Java3D16 extension to
Java is available, the basic part of our
scene graph may be replaced by the
corresponding components of Java3D,
leaving most of our own parts intact.

Utilities

The basic mathematical and geometric
material needed in most of the applets,
like points, vectors, matrices, lines, cir-
cles, triangles, etc. is implemented as
their own classes. This allows rapid
implementation of even complicated
mathematical and geometrical
algorithms. Using these basic classes,
the developer can concentrate on the
essential parts of the algorithms rather
than on basic mathematics.
Furthermore, the resulting code for our
applets becomes much easier to read
and understand. This is especially nec-
essary when motivating students to
take a closer look onto the real imple-
mentation of an algorithm and try their
own implementations.

The basic graphic components, like
special interfaces for graphical in and
output of the basic mathematical class-
es, the elements of scene graph, are
realized in a similar way. A special com-
ponent is a grouping panel to organize
the contents of our course applets.
Such components are used throughout
the applets. Combining the standard
Java graphics components with our
own versions allows for rapid design of

interfaces. Note that for all classes
there exists hypertext-based documen-
tation that can be invoked while brows-
ing the source code and easily
searched.

Reusable Components - Java Beans

Generating New Applets

The strict object-oriented design of
our Java applets simplifies the
programming of new applets and
classes. Many of the existing classes
can be reused and extended.
Nevertheless, generation of new
applets still requires low-level program-
ming. Students or teachers not familiar
with the existing classes have to wade
through the jungle of hierarchical APls
instead of concentrating on the struc-
ture and concepts of the algorithms.
As already shown by a number of
authors, visual programming greatly
aids in developing and debugging
code.26, 16

The Programming Exercises

Since the low-level programming is too
time-consuming without visual pro-
gramming, our students only complete
already existing applets. The drawback
of this kind of programming exercises
is that most of the students are not
able to understand the overall structure
of the program. Although they success-
fully implement the missing parts. there
remains a bad feeling. Again, these
problems can be solved using a visual
application builder in combination with
low-level programming and review of
existing code.

The Beans

As stated in its specification 1! a Java
Bean is a reusable software compo-
nent that can be manipulated visually in
a builder tool. The components can be
objects with or without graphical inter-
faces. In our course, typical beans are:

« Interface components that extend
the standard Java AWT.

» Mathematical and geometrical utility
components like vectors, matrices,
triangles, spheres etc.

» 2D and 3D canvases that also
extend the standard Java components.

» 2D and 3D scene graph for high-
level graphics primitives and scene
descriptions.

 Already-programmed “high-level”
beans like image filters, function
parsers, editable curves, etc.

Due to the strict object-oriented
design of the Java classes used in
the first version of the course, their
conversion into Java beans was
straightforward.

Examples

As in a visual data-flow language,
beans can be visually composed into
new customized applets. Figure 2
shows generation of a simple applet
that demonstrates conversion of a
gray-value image to a black-white
image. The user can define the thresh-
old value. To generate the applet, the
image loader, two image beans for
input and output image, the value
panel, and the black-white filter are
loaded into the application builder. In
this example, the data flow is defined
by so-called property-changed events.
The property-changed event of the
original picture (invoked by loading it)
is propagated to the black-white filter
that expects a reference to the input
image and resolves a property-changed
event with a reference to the output
image. Last but not least, the property-
changed event of the value panel
changes propagates the threshold
value to the black-white filter and
invokes it. After the applet is designed
in the application builder, it can be
compiled into a new applet.

Figure 3 shows construction of a more
complex applet demonstrating Bézier
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Figure 2 Building a simple applet demonstrating the black-white image filter in the Bean Box.
Unfortunately, the current version of the Bean Box does not display the already-established links between

the components.

Figure 3 Composing three beans into a new applet demonstrating Bézier Curves together with affine

combinations and Bernstein polynomials.

curves. Its main building blocks are
three simpler beans, one realizing
affine combinations between two
points in 2D, one displaying the
Bernstein polynomials, and one con-
taining the Bézier curve itself. Each
bean already implements all basic
interactions to manipulate its contents.

Several interface components link the
beans.

In this way, the functionality of data-
flow languages is available to

build up new Java applications. Using
this paradigm, teachers and students
can easily develop their own new
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beans and integrate them into the
course using existing components.
Nevertheless, there are still cases, like
the implementation of new filters, in
which new beans must be implement-
ed in the traditional way.

Discussion of Design Problems

One of the design problems of data-
flow languages is how to manage the
complexity of program networks. In our
approach, this problem can (in most
cases) be easily solved by grouping
several beans into new ones and cus-
tomizing their appearance within the
builder tool. We made use of these
techniques throughout the whole
course. The problem that is inherent to
most other systems based on the data-
flow concept — propagating data
through the network — does not occur,
since different modules may share the
same data in memory.

Experiences

Evaluation of the programming environ-
ment is based on two consecutive
semesters of the computer graphics
course offered in our department in
1995-96 and 1996-97 The complete
first course consists of 28 hours of
lectures and 26 hours of practical
exercises; the second course consists
of 24 hours of lectures and 20 hours
of practical exercises. Forty-one stu-
dents participated in the first course
and 31 in the second. At the end of
each course, the students were asked
to fill out a questionnaire on their expe-
riences with, and evaluation of, the
complete course, the lectures, and the
programming environment. The ques-
tions referred to issues like quality,
effort with respect to results, learning
success, and user content. The follow-
ing trends could be traced:

» The overall content of the whole
course was evaluated much higher
than in the years before.



 The students themselves reported
remarkable learning success.

» The complaints regarding the
programming effort with respect to
the outcome decreased.

We noticed that several students start-
ed to add non-requested features and
functionalities to the system after they
became familiar with it. These exten-
sions referred to the user interface as
well as the scene graph. Some stu-
dents even implemented completely
new applets in other topics in computer
graphics that are not directly related to
the central part of the lecture. This had
never been the case before, and it
strengthened our assumption that our
concept would support and stimulate
exploration and further development of
the programming environment by the
students.

Conclusions

Using our course, teachers and stu-
dents can theoretically and practically
prepare, catch up on, and deepen the
course lectures. There is no need to
provide for and install a variety of soft-
ware packages to run the practical
examples at home. Moreover, interest-
ed students are able to extend the
examples. Due to the positive reso-
nance in the course, we decided to
refine and extend it to serve a larger
community of people interested in
computer graphics programming at uni-
versities, industry, and even high
schools, and we are currently working
on a translation of the whole course
into English.

In addition to further development of
our Java Beans toolkit, our future
research in the area of graphics and
visualization education has to consider
appropriate user modeling, different
levels of programming examples and
even lessons, and, especially, different
variants of course-related hypermedia
user support.

Acknowledgments

We would like to thank A. Schilling for
useful disscussions and G. Rossner
and R. Schwering for their immense
implementation efforts in realizing the
system.

References

1 G Bell, A Parisi, and M. Pesce. The Virtual
Reality Modeling Language: Version 1.0
Specification. URL: http://vrml.wired.com/
vrml.tech/vrm|10-3.html, 1995.

2 K Brodlie, T. Hewitt, S. Larkin, P. Willis, and J.
Gallop. Graphics and visualization - techniques
and tools: A course for postgraduates of all
disciplines. In 3, pages 263-268, 1994.

3 K. Brodlie and G. S. Owen, editors. Computer &
Graphics, volume 18(3). Pergamon, May/June
1994. Special Issue on Computer Graphics in
Education.

4 Course CPSC 453: Computer Graphics LURL:
http://www.cpsc.ucalgary.ca/localinterest/
class info/453/, 1994. University of Calgary,
Computer Scienc Dept.

5 Course Computer Science 417: Computer
Graphics.URL: http://www.tc.cornell.edu/
Visualization/Education/cs417/, 1996. Cornell
University, Theory Center.

6 Nikos Drakos. The LaTeX to HTML translator.
Internal report, Computer Based Learning Unit,
University of Leeds, January 94.

7 George Eckel. Cosmo 3D Programmer's Guide.
Silicon Graphics, Inc., 1997.

8 J. Encarnagdo, W. Straser, and R. Klein.
Graphische Datenverarbeitung |. Oldenbourg,
4th edition, 1995.

9 J. Encarnagdo, W. Straser, and R. Klein.
Graphische Datenverarbeitung II. Oldenbourg,
4th edition, 1997.

10 D. Fellner. MRT: A Teaching and Research
Platform for 3D Image Synthesis. In 13,
1994.

11  Graham Hamilton. The javabeans api
specification. Sun Microsystems, July 1997

12 F W. Jansen and P. R. van Nieuwenhuizen.
Computer Graphics Education at Delft
University of Technology. In 13, 1994.

13 L. Kjelldahl and J. C. Teixeira, editors.
Eurographics Workshop on Graphics and
Visualization Education (GVE), Oslo, Norway,
10-11 September. Eurographics, 1994.

14  Reinhard Klein and L. Miguel Encarnacéo.
An interactive computer graphics theory and
programming course for distance education
on the Web. In 8th Int. PEG Conf!97,
Sozopol, Bulgaria, May/June 1997

15 B.R. Land. Teaching computer graphics and
scientific visualization using the dataflow,
block diagram language Data Explorer. In S.
D. Franklin, A. R. Stubberud, and L. P.
Wiedeman, editors, University education
uses of visualization in scientific computing:
proceedings of the IFIP WG 3.2 Working
Conference on Visualization in Scientific
Computing, Uses in University Education,
Irvine, CA, USA, IFIP Transactions. A,
Computer Science and Technology, pages
33-36, pub-NH:adr, July 1994. pub-NH.

16  Roberto Lotufo and Ramiro Jordan. Digital
image processing with khoros 2.0. This is an
interactive WWW course using the Khoros
system, December 1994,

17  Avi C. Naiman. Interactive teaching modules
for computer graphics. -COMP-GRAPHICS,
30(3):33-35, August 1996.

18 G. S. Owen. HyperGraph - A Hypermedia
System for Computer Graphics Education. In
S. Cunningham and R. Hubbold, editors,
Interactive Learning through Visualization,
pages 65-77. Springer-Verlag, 1992.

19 G.S. Owen. Teaching Computer Graphics as
an Experimental Science. In 13, 1994.

20  Amnon Shabo, Mark Guzdial, and John
Stasko. Addressing student problems in
learning computer graphics. j-COMP-
GRAPHICS, 30(3):38-40, August 1996.

21 PS. Strauss and R. Carey. An object-oriented
3d graphic toolkit. In Computer Graphics
Siggraph 92, pages 341-349. ACM
Siggraph, July 1992

22 Sun. The JAVA 3D API. Sun Microsystems,
Inc, 901 San Antonio Road, Palo Alto, CA
94303 USA, 1997

23 J. C. Teixeira. Environments for Teaching
Computer Graphics: An Experience. In 13,
1994

24 J.C. Teixeira and J. S. Madeira. A Computer
Graphics Curriculum at the University of
Coimbra. In 3, pages 309-314, 1994

25 N. Thompson. 3D Graphics Programming for
Windows 95. Microsoft Press, 1996.

26 E. Wernert. A unified environment for
presenting, developing and analyzing
graphics algorithms. Computer Graphics,
31(3):26-28, August 1997.

27  Course Computer-Graphik spielend lernen.
URL: http://www.gris.unituebingen.de/
gris/grdev/java/index.html, 1996/97.
University of Tubingen, Interactive Graphics
Systems Lab (WSI/GRIS).

Conference Abstracts and Applications Educators Program 93



Distributed Development and Teaching of

Algorithmic Concepts

Abstract

We describe Fuse-N, a system for
distributed, Web-based teaching of
algorithmic concepts through experi-
mentation, implementation, and auto-
mated test and verification. Fuse-N is
accessible to, and usable by, anyone
with a Java-enabled Web browser.
The system was designed to:

1 Minimize the overhead required for
students to engage in the essence
of the learning experience.

2 Allow students to experiment with,
generate, and evaluate algorithms
and their implementations.

3 Facilitate greater, more effective
interaction among students and

between students and teaching staff.

The system represents algorithmic
concepts as dynamic “modules” in
Java. Students map inputs to outputs
either via system-supplied “reference”
implementations; manually, with
corrective feedback; or by writing one
or more alternative implementations
for the concept. The output of the
students’ implementation is program-
matically and visually compared to
that of the reference implementation.
Modules can be interconnected in a
dynamic dataflow architecture of
arbitrary complexity. Teaching staff
can monitor student progress online,
answer questions, execute student
implementations, and perform a variety
of administrative tasks.

A prototype system supported two
modules. We have since extended
Fuse-N to include a classical polygon
rasterization pipeline, a module authoring
“wizard," an editor, and several other
components. We describe Fuse-N
from student, staff, and developer
perspectives. Next we describe its
architecture and the technical issues

inherent in its construction and exten-
sion. Finally, we report on some early
experiences with the system.

Motivation

Computer science courses with large
enroliments and significant program-
ming components stretch the abilities
of teaching staff to provide effective
infrastructure, and individualized atten-
tion, to their students. For example,
students need development tools and
standardized (or at least consistent)
environments in which to generate,
test, and submit their implementations.
Providing and maintaining these can
be a formidable engineering task for
the staff. Students submit complex pro-
grams requiring evaluation by the staff,
often reducing the time available for
individual attention to students. Also,
despite nearly ubiquitous networks,
email, etc, it is difficult, with standard
mechanisms, to ensure effective, timely
communication and collaboration
among students and between
students and staff.

The Fuse-N system addresses each of
these considerations. First, it provides
an intuitive, consistent visual interface
through which students can experiment
with, generate, and test algorithm
implementations, ultimately submitting
them for grading. This interface is
backed by a robust client-server
architecture for maintaining persistent
versions of assignments and student
implementations. Second, Fuse-N pro-
vides an interface through which the
teaching staff can assess student work
in progress and submitted work, using
a location-independent mechanism for
executing students’ implementations.

A development kit for generation of
new modules is also provided. Third,
the system provides mechanisms

for synchronous and asynchronous
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communication among students and
between students and staff, including
annotations of course material, chat
boards, shared whiteboards, and staff
grading and feedback for specific
student work.

Previous Work

The Web-based educational tool
WebCT [Gol+96] provides sophisticated
authoring tools to embed general
course content, but no specific support
for teaching algorithmic concepts

is included. Instructional software
development environments are

less common, though the Jscheme
environment [Hic97] allows students
to implement assignments in a subset
of the Scheme language from any
Java-enabled Web browser. Algorithm
visualization environments and toolKits,
such as the Zeus system [Bro91]

and Brown University’s Interactive
lllustrations [Dol97Try97] provide
sophisticated frameworks for
examination of running algorithms.
Finally, dataflow systems such as SGI's
ConMan [Hae88], IBM's Data Explorer
[IBM98], and AVS [Ups+89] allow
direct manipulation and aggregation
of functional modules. (An in-depth
discussion of these and other related
systems can be found elsewhere
[Por98].) To our knowledge, however,
Fuse-N is unique in its combination
and synthesis of many such elements
into a system for distributed
collaborative pedagogy.

System Users’ Perspective

One effective way to view the Fuse-N
system is from a series of user per-
spectives. The system is first described
from the point of view of a student.
The teaching staff's point of view is
described next, including mechanisms
for disseminating course material, and
collecting and evaluating student work.



Finally, the developer's perspective
details the steps required to author a
new module for the system. Our dis-
cussion largely avoids implementation
details; these are deferred to Section 4
(System Designer's Perspective).

Student Perspective

Unorganized, the sheer volume of avail-
able course material can overwhelm a
student. Thus the educator has two
principal tasks: first, to select a collec-
tion of material to be taught, and sec-
ond, to organize this material into a
coherent progression of concepts.
Fuse-N facilitates exactly this sort of
progression in its exposure of concepts
at several levels of abstraction (or,
equivalently, at several levels of detail).
For example, computer science and
engineering courses typically empha-
size the functional composition or inter-
relation of a collection of smaller
pieces. Fuse-N represents such build-

ing blocks as algorithmic components
to be manipulated by the student.
These components are visible as mod-
ules within the Concept Graph, a grid-
ded workspace containing a persistent
collection of interconnectable modules
selected by the course staff (Figure 1).
Each module represents an algorithmic
concept: a well-defined algorithmic
mapping of input instances to outputs.
Each module has a visual representa-
tion, consisting of an icon, a text label,
multiple selectable input and output
ports, and an interface with which the
user can select among the interaction
modes defined below.

In line with the usual notion of abstrac-
tion, students can think of modules and
their connections either as closed
functional units, or as open, modifiable
components. For example, students can
connect one module’s output port to
another module’s input port (provided

Figure 1 The Fuse-N work area

their types match), thereby assembling
an aggregate functional unit. Students
can open a module for editing, supply-
ing their own code to implement the
module's function. Successive student
implementatinos can be compiled and
reintegrated into the running system
on-the-fly (Section 4.1).

Students who actively engage in
implementing an algorithm understand
and retain concepts better than those
who simply, and passively, view visual-
izations [Law+94]. In Fuse-N, students
can assess their understanding with
the help of four interaction modes:
Reference, Manual, Implement, and
Difference. In all cases, algorithm
inputs are either provided by the
system or specified interactively by
the student or staff. Regardless of
mode, a diagnostic area reports a
textual description of each input
instance and each output action.

Reference Mode allows the student to
view the operation of a correct “refer-
ence” implementation (cf. Figure 1)
provided by the module developer
(Section 3.3). The source code for the
reference implementation is generally
hidden from the student, though in
some cases it may be exposed (for
example when the student is chal-
lenged to implement some alternative,
or asymptotically superior, strategy).
Reference mode is similar to that
provided by traditional algorithm
animation and visualization systems
[Bro+84]; it helps a student under-
stand algorithm behavior for a variety
of input instances, including boundary
cases in which the correct behavior
might not be otherwise evident.
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Manual mode challenges the student
to effect the algorithm’s operation
solely through user-interface actions
(Figure 2). Students need not do so by
simulating an algorithm; their task is
only to produce the correct output for
the currently specified input. The system
provides an immediate visual response
to each student action. For instance,
Manual mode for Bresenham’s algo-
rithm challenges the student to select,
for a given line segment specified by
its endpoints, those pixels which would
be drawn by Bresenham’s segment
rasterization algorithm [Fol+82].
Correctly placed pixels are drawn nor-
mally, whereas incorrect pixels appear
red. Manual mode inputs are typically
crafted to allow students to generate
the correct outputs in a few minutes.

Implement mode challenges the student
to supply Java code that implements

Figure 2 Manual mode

the algorithm for the current module
(Figure 3). In this mode, the student is
effectively presented with the interface
to a Java class, whose methods are
invoked by the system during interac-
tion. Continuing with our example,
Implement mode provides a stubbed
method Bresenham(x1y1x2y2), which
is invoked whenever the student
selects or specifies a point pair, or a
suitable input event arrives from some
upstream module. The interface also
provides one or more functioning “base
calls,” which map to the module’s
abstract output ports. Thus the base
call SetPixel(xy) effects the illumination
of the pixel at framebuffer position
(xy), causes the printing of a diagnostic
message, generates a typed event for
forwarding to downstream modules, or
performs any combination of these,
according to the current interaction
context.
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Difference mode displays a visual
representation of the difference
between the output of the student's
implementation and that of the refer-
ence implementation (Figure 4). For
example, difference mode for the
Bresenham module colors pixels in
one of four ways. Pixels drawn by both
the reference and student implementa-
tion are shown in white; those omitted
by the student algorithm are shown in
blue; those drawn in the wrong position
are shown in red; and those output
more than once are shown in green.
Difference mode is a particularly useful
and unique feature of Fuse-N; it allows
the student (and staff) to determine
quickly the algorithm’s correctness for
a variety of prefabricated or interactively
specified input instances. (Crafting
efficient and pedagogically useful
difference engines is a challenging
part of developing a new module;

we address this issue later.)

The student can invoke the Fuse-N
editor for any module. This is a rudi-
mentary editor that displays the class
interface, staff comments and hints,
and the student's code. It also allows
the student to load, save, and compile
implementations, and view compiler
diagnostics. The editor will eventually
incorporate debugging operations,
student and staff annotations, and
other administrative functions (see
Current Efforts and Future Directions).

A suite of communication tools round
out the student's view of Fuse-N.
Students can read the message of the
day, chat with other students or teach-
ing staff who happen to be online,
browse the chat history to look for
questions that may already have been
asked, or share a graphical whiteboard.
We are extending these features to
allow “sharing” of a client's workspace.



Figure 3 Implement mode

Thus students and staff will be able to
interact with a Concept Graph and
modules as if they were at the same
console; for example, a teaching assis-
tant could demonstrate a certain input
case to the student by direct manipula-
tion of the student’s desktop. This and
many other collaboration aspects of
Fuse-N are discussed elsewhere [Boy97].

Teaching Staff's Perspective

Fuse-N is designed to maximize the
teaching staff's availability and effec-
tiveness through provision of infrastruc-
ture for creation, selection, distribution
of course material, tracking and evaluation
of student work, and general course
administration such as maintenance of
course lists, lecture notes, grades, daily
messages, and other materials.

Generating, testing, organizing and dis-
tributing course software infrastructure
to students can be a significant burden
for teaching staff. Fuse-N provides a

Figure 4 Difference mode

simple mechanism for authoring modules
that represent algorithmic concepts,
and functionally interconnecting these
modules within a dataflow architecture
with visible structure. Related materials
are available through standard Web
mechanisms like linking.

One traditional coursework model
involves the staff's generation and
assignment of work: assignment
completion; a deadline at which time
students turn in completed work; an
evaluation period for staff to process
this work; and a feedback period in
which a grade and other information
are returned to the student. These
phases routinely span several weeks
of activity.

Fuse-N provides several mechanisms
that extend this batch model to an
interactive setting. For example, the
system places a visual avatar for each
student near the visual icon represent-

ing the module on which the student is
working (Figure 2). The teaching staff
can broadcast timely messages to
selected groups. The staff can also
monitor an individual student’s progress
by locally executing the student’s cur-
rent implementation in Implement or
Difference mode as described above.
An assistance queue, interactive chat
sessions, whiteboards, and this “over-
the-shoulder” execution mode all
increase the staff's ability to identify
struggling students and help them in

a timely fashion.

Several mechanisms are provided to
ease the process of evaluating large
amounts of student code. The staff
can apply prefabricated test cases to
student implementations. Common
errors are then identified by interposing
the student module between a gener-
ate/test module pair. A Web-based
grading form (Figure 5) prompts the
staff member for specific feedback
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about the student work and can incorporate
input instances that cause the student
implementation to exhibit specific
behavior. These mechanisms log grading
information and associated material to
the server for persistent storage.

Finally, the system provides a uniform,
location-independent interface to all of
these mechanisms. Thus just as the
students may complete coursework
from any browser, so can the staff
grade or otherwise provide feedback to
any student from any browser (Figure
5). We have found this capability to be
of significant value in actual course
administration (Section 5.1).

Figure 5 Grading a student from within a browser

Module Developer’s Perspective

This section describes the system from
the point of view of the module devel-
oper, who maps abstract algorithmic
concepts to actual modules in Fuse-N.
Module developers may be teaching
staff, students, or more broadly any
third party who wishes to generate
course content.

Creating a new module is a relatively
simple process. Using common design
patterns, the basic functionality of
every module can be coded automati-
cally. Through a dialog box, the devel-
oper specifies the module name, the
input type(s) that the module can
receive, and the output type(s) that the
module generates. A Java servlet, anal-
ogous to a development kit “wizard;
generates a Java source file represent-
ing the module and compiles it into a
class file. The Fuse-N client then
requests that the class be loaded into
the current application, creating an
editable instance of the new module.

In order to implement a specific mod-
ule, the module developer first provides
code that maps both input and output
data to visual representations on a
graphics canvas associated with the
module. Next, the developer codes the
actions to be taken when new data
arrive on any input port. The developer
issues data on an output portsimply by
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invoking a provided method call. The
developer must also design, specify,
and provide the base call(s) with which
the student is to generate output. Each
base call must then be mapped to the
appropriate output port. Finally, the
developer must specify and implement
the module’s behavior in Manual,
Reference, and Difference modes.
Once a module has been created, it is
easily added to the Fuse-N server,
becoming available to all clients of that
server.

System Designer’s Perspective

This section describes Fuse-N from the
point of view of its designers. Here we
discuss the technical underpinnings of
the system and some of the issues
inherent in its construction and exten-
sion.

System Architecture

This section briefly outlines the tech-
nologies used in the system architec-
ture. Specifically we discuss our choice
of a client-server model, the advan-
tages of location- and platform-inde-
pendence, and Fuse-N's dataflow
architecture.

Fuse-N is implemented as a client-
server architecture. The Fuse-N server
is comprised of a traditional Web server
and a group of Java servers and Java
servlets. A Java registry server tracks
users in the system; a Java messaging
server handles text-based message
delivery; and a Java servlet performs
essential system functions such as
compilation of user modules and gen-
eration of HTML code for display to
the client. All user, course, and system
information is stored persistently on
the server. The server supports loca-
tion-independent access to user data,
restricting access with a simple pass-
word mechanism.



The client application is comprised of
an HTML environment and a set of
Java applets, both of which are served
to the user's browser. Users receive the
most recent version of the Fuse-N
client at the start of each session.
Because Fuse-N is coded entirely in
Java, Fuse-N clients and servers can
run on any platform equipped with a
suitable Java Runtime Environment
[Gos95].

Fuse-N uses a stateful dataflow model
of sequential execution, enabling arbi-
trary aggregation of components.
Software applications can be created
by linking the output(s) of stateful
components to the input(s) of other
components. Thus an application can
be modeled as a directed acyclic graph
of components. Because the input(s)
and output(s) of the components in a
dataflow system are defined explicitly,
each component can be treated as a
black box abstraction of the operation
it performs. The resulting dataflow
aggregations are modular and can be
rapidly assembled, modified, and
extended. Dataflow systems naturally
extend to parallel operation, as each
component processes data indepen-
dently of all other components.

Fuse-N's underlying architecture sup-
ports the ability to load modules, man-
age interconnections, and route infor-
mation from any output to any input.
Thus users create complex systems by
linking modules in a run-time dataflow
system, as in ConMan [Hae88].
Individual components have graphical
representations that can be arranged
and linked by the student. Links are
typed and can be created, modified, or
destroyed.

Modules run in separate threads. Each
module queues incoming data for pro-
cessing and outgoing data for delivery
to downstream modules. Modules can
be recompiled dynamically; successfully
compiled modules are inserted into the
running dataflow. Newly created mod-
ules inherit all of these capabilities
through a subclassing mechanism. The
student is left to focus entirely on the
module algorithm, interconnections,
and graphical display. (A comprehen-
sive overview of Fuse-N's dataflow
architecture can be found elsewhere
[(Bwp98])

Early Experiences

Two specific experiences with Fuse-N
have been illustrative. First, we set out
to assess the system's effectiveness by
deploying two simple modules as
assignments for an undergraduate
computer graphics class at MIT.
Second, we implemented a “classical”
polygon rasterization pipeline as a
series of dataflow components within
Fuse-N. After reviewing these experi-
ences, we describe several current and
future directions for Fuse-N.

A Trial Run

Fuse-N's early prototypes were
designed primarily as proofs of con-
cept. Fuse-N was first deployed to stu-
dents in the fall of 1997, in the form of
an introductory computer graphics
course with 104 students. Each stu-
dent was asked to implement two
modules inside Fuse-N: Bresenham's
segment-drawing algorithm and
Cohen-Sutherland's segment clipping
algorithm [Fol+82]. Upon submission of
the assignment, each student was
asked to fill out an anonymous survey.
The results were positive; students felt
the assignments were well organized
and helped them learn the material.

As expected, human interaction was a
crucial element of the process. The col-
laboration tools of Fuse-N were heavily
used, allowing teaching assistants to
pinpoint many of the errors students
were making only minutes after stu-
dents began coding. With the students’
permission, teaching assistants effec-
tively provided preemptive assistance.
They did not have to wait for students
to start asking questions, but could
load students’ code and examine its
behavior. The staff could then clarify
technical issues and make suggestions
to the entire class, or only to those stu-
dents working on a specific module.
This immediate problem detection and
correction ability allowed students and
teachers to interact effectively outside
of the classroom.

Another interesting aspect of the sys-
tem was the staff's ability, given access
to the development process as well as
the final results, to distinguish among
the learning and implementation styles
of the students. Some students wrote
careful pseudocode, then a small num-
ber of implementations. Others seemed
to be coding by successive approxima-
tion, submitting many scores of slightly
varying code revisions until a correct
implementation was finally achieved.
This rather unexpected result - that in
removing essentially every barrier to
recompilation we may have actually
encouraged an inferior programming
practice - has led us to reexamine the
way in which students are asked to use
the system. In particular, we are now
investigating mechanisms by which stu-
dents can be urged to achieve greater
mastery of the material before attempt-
ing implementation. For example, stu-
dents could be prompted to demon-
strate understanding of the input/out-
put mapping in Manual mode, and to
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submit coherent pseudocode to a staff
member, before commencing imple-
mentation.

Implementing a Polygon Rasterization
Pipeline

We extended, and successfully tested,
the system by implementing a classical
polygon rasterization pipeline from a
core set of modules (Figure 6) includ-
ing TraverseScene, CameraModel,
BackFaceWorld, WorldToEyeSpace,
EyeSpaceToNDC, ClipNDC,
NDCToScreenSpace, RasterizeTriangle,
DepthBuffer, and FrameBuffer. Each
member of the development team
implemented several modules.
Instantiating each module required
clicking the New Module button, enter-
ing the module’s name, and specifying
the module’s typed inputs and outputs.
A compilable stub for the module was
then automatically generated and com-
piled by Fuse-N. Finally, we filled in the
stubs by writing Java code to effect the
functional mapping required of each
module and wired together the appro-

priate module inputs and outputs
through the Concept Graph interface.
Implementing this system took three
students about one week. This was
less time than we had anticipated.
(However, the students implemented
only the Reference algorithm for each
module, arguably the easiest portion;
the Manual and Difference mode
implementations are underway.) The
system proved robust, supporting multi-
ple simultaneous execution paths while
maintaining responsiveness. The
dataflow model was a natural fit to the
graphics pipeline. Students who imple-
mented parts of the pipeline reported
that even though they previously
understood the pipeline, they had a
much better sense of it after imple-
menting it in Fuse-N. The students also
learned that adding internal, “self-
checking” routines to modules was a
particularly useful technique. Overall,
the Fuse-N environmentmade the
process of building and exercising this
system efficient and educational.

Figure 6 A Dataflow Polygon Rasterization Pipeline
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Current Efforts and Future Directions

We continue to add capabilities to the
system. Our active research and devel-
opment efforts can be categorized as:
improving the integrated environment
for students and developers; crafting
new capabilities for the teaching staff;
and extending the dataflow model.

The current editing and debugging
capabilities are adequate for simple
modules but ill-suited for more complex
implementation tasks. We are actively
incorporating an improved code editor
and debugger into the system.
Mechanisms for more closely coupling
applets, dynamic module state, and
compiler and run-time diagnostics are
being explored as well.

We are also expanding the capabilities
of the teaching staff by improving the
system’s ability to track students. More
generally, we are enhancing Fuse-N's
general administrative features. For
example, the staff expressed the desire
to revise grading criteria, generate
Web-based grading forms, and analyze
and distribute grades from within the
system. Finally, we have designed for
transparent sharing of events across
the network [Boy97]. This will allow
teaching assistants to effectively reach
over a student's shoulder and assume
control of the mouse or keyboard, pro-
viding a kind of remote tutoring.

A related thrust of our work is extend-
ing modules to connect to other mod-
ules on remote machines, using a
transparent network event layer
[Boy97]. Providing basic dataflow con-
structs will help students and teaching
staff assemble complex systems easily.
Abstracting these connective elements
as components in their own right is a
notable innovation of our system.
Finally, determining how best to inte-
grate manual interaction with the



dataflow system and accompanying
visualizations, and how to simplify gen-
eration of difference engines for com-
plex algorithms, are both hard open
questions.

We foresee developing a number of
additional modules as part of the Fuse-
N project to augment the full under-
graduate computer graphics curriculum
currently under way. We are exploring
collaborations with other algorithmic
learning domains, such as those of
MIT's class 6.001, The Structure and
Interpretation of Computer Programs
[Abe+85]. There, we plan to support a
Scheme interpreter within a Fuse-N
module, allowing dataflow interconnec-
tion of “Schemelets” We hope that as
Fuse-N becomes more widely used,
students, educators and researchers
will contribute modules to the system,
creating a distributed library of instruc-
tional algorithmic modules in the public
domain.

Conclusion

Fuse-N improves upon traditional soft-
ware development environments, while
extending Web-based educational sys-
tems to support experimental problem
solving. We designed it explicitly to
support interactive pedagogy of algo-
rithmic concepts. The system supports
rapid engagement of students with the
essence of the material. Fuse-N sup-
ports algorithmic instruction through
Reference, Manual, Implement, and
Difference modes for each module. At
a higher level of abstraction, students
can link modules in a dataflow environ-
ment. Preliminary results are encourag-
ing, as gauged both by classroom
experiences with an early prototype
and by our nascent realization of a
classical polygon rasterization pipeline
within Fuse-N.
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Enhanced Realities




Introduction

“Now, here, you see, it takes all the running you can do, to keep

in the same place. If you want to get somewhere else, you must

run at least twice as fast as that!”

The Red Queen

Lewis Carroll, “Through the Looking Glass”

In his tales of Alice's adventures, Lewis
Carroll-uniquely captured a world of
wonder as seen through the eyes of a
child. Even as adults, we can relate to
Alice and the nonsensical creatures
and situations of Wonderland. Perhaps
we more than half believe that there
are truths to be found there. But too
often the rest of our “grown up” per-
ception sees the world as all too ordi-
nary, which may point to nothing more
than a suspension of wonder. It's all too
easy to lose our ability to ask Alice-like
questions, to wonder: “why?”

We hope that your walk through the
contributed wonderland of fresh ideas
that created Enhanced Realities will
rekindle your sense of childlike wonder,
the essence that is SIGGRAPH. Our
program is devoted to those who
continue to ask why, and to those in
whom inspiration and wonder has been
renewed in their asking.

Of the more than 50 proposals submit-
ted to Enhanced Realities, we chose
this year to accept just the top layer,
the 17 most impressive and ground-
breaking innovations, for presentation
at SIGGRAPH 98. This work envisions
our augmented future with clever multi-
modal interfaces that challenge our
ideas about computing in the physical
world and question this dubious con-
cept called “reality” The goal of
Enhanced Realities is to make us

return to that childlike wonder of dis-
covery, to inspire us with technological
innovations that immerse us in a new,
enhanced reality.

| am very grateful to all the wonderful
world of potential contributors — the
whole of the SIGGRAPH community
and beyond — whose work points the
way to our most creative emerging
achievements on the horizon of
technology. Many valuable lessons
and insights arose in our Enhanced
Realities jury meeting, including
several outstanding inspirations for
new projects based on the work our
contributors submitted!

In the following pages, we share
some “insider information” on how the
selection process works, what a jury
looks for when reviewing proposals,
and how you can best present your
vision and achievements to your busy
but excited peers.

St Al

Janet McAndless
Chair, Enhanced Realities

Sony Pictures Imageworks

9050 W. Washington Boulevard
Culver City, California 90232 USA
Janet_McAndless@siggraph.org
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Enhanced Realities Review Jury

Chair
Janet McAndless
Sony Pictures Imageworks

Jury
Bruce M. Blumberg
MIT Media Lab

Andrew Glassner
Microsoft Research

Jacqueline Ford Morie
Blue Sky | VIFX

Ken Perlin
New York University

Kathryn Saunders
Royal Ontario Museum

Enhanced Realities Committee
Bruce Dobrin

Janet McAndless

Preston J. Smith

Michael Trujillo

Alex Whang

Enhanced Realities is dedicated with
heartfelt thanks to:

All those who took the time to submit an
emerging technologies proposal, our contributors
who undertook the time and expense required to
show us their visions of the future, and our jury
participants whose careful review efforts greatly
enhanced our program.

Walt Bransford and Dino Schweitzer for unfailing
encouragement and guidance.

Sony Pictures Imageworks for their uncommon
support, including use of facilities and resources.

The Enhanced Realities Committee for their vision,
dedication, and labor.

The SIGGRAPH 98 Conference Committee
whose indispensable help and feedback formed
our enhanced reality.



Jury Statement Bruce Blumberg MIT Media Lab

What | was looking for (and sometimes found)
As a jury member, | asked four big
questions about each submission:

e Isit clear?

e Isit fun?

e Isitreal?

e |s it important?

Is it clear?

It would be nice if the jury members
spent as much time reading your pro-
posal as you undoubtedly spent writing
it. The sad fact of the matter, however,
is that your submission is likely to be
one of 100 that the jury put off review-
ing until several days (hours) before
the jury meeting. So it is absolutely
essential for you to present your pro-
posal as clearly and as succinctly as
possible. Clearly articulate what the
user experience will be, and the techni-
cal significance of the piece. If it seems
similar to previous installations, then be
sure to put it in context (be clear about
what is different). Try to do all of this in
a page or two, and in your accompany-
ing video. Have a friend who doesn't
know your work read it and tell you
what you are proposing to do, and see
if they get it. You are only hurting your-
self if you make the jury struggle to
understand your proposal. Struggling
juries are grumpy juries!

Always ask yourself how you can make
your proposal stand out from the 100
other proposals. This is often as hard
as the underlying implementation, but it
is well worth the effort.

Is it fun?

| 'am most attracted to submissions that
seem like they would be fun to experi-
ence. Fun does not in anyway imply
that the underlying work is not serious
and important, but rather that it is pre-
sented in a way that is accessible and
clear to the guest. Indeed, “fun” is a
good indicator of a great implementa-
tion and/or a novel idea. Submissions

e

should make it clear through the video
and description why an installation will
be fun to experience. A greatimple-
mentation based on a “little idea” can
often be a more compelling installation
than a “big idea” done poorly. This is
not to say you should focus on little
ideas, but if you have a little idea (not
Turing-award material) and you know
how to turn it into a fun installation, go
for it. Chances are the jury will go for it too.

Statements that lapse into “art criticism
speak;” or videos that seem as if they
were done with MTV in mind come off
as pretentious and work against you.
The jury isn't exactly “hard-boiled,” but it
is composed of people who spend
more time building things than talking
about things. They want to hear how an
installation will feel to the guest, so
they would rather read a discussion of
the underlying technology than learn
that the installation is a “post-modern
deconstruction of (whatever). The word
“chaos” is a good word to avoid. It has
been known to cause rashes among
more than a few jury members.

Is it real?

You should go out of your way to
encourage the jury to believe that there
is some chance that you can pull off
what you say you are going to pull off.
For example, if your installation is pred-
icated on natural language understand-
ing, the jury is going to be very inter-
ested in understanding how you intend
to solve that problem. Videos, published
papers, and the past experience of
your team can all help to bolster the
jury’s confidence in your abilities. Don't
be afraid to add a “this is how it works”
section to your proposal. This is partic-
ularly true if you are pushing the state
of the art.

Speaking of videos, do yourself a favor
and submit one. Without a video, it is
very difficult to communicate that the
installation will be fun, real, and impor-

tant. The immediate assumption, right
or wrong, is that if you don't have a
video, there is a good reason (for
example, your work is not implemented
yet), and this works against you big
time. The jury is composed of people
who have done installations and are
very forgiving of “bugs” They recognize
that the video was made in January
and the installation is in July, and that
there is lots of time to improve things.
So you are always better off showing
what you have and what you need to
do, than leaving it up to the jury’s
imagination.

While you want to go out of your way
to convince the jury that your installa-
tion is real, you should be honest about
the risks and remaining work. The jury
may not be experts in your field, but
they are generally experts in detecting
unsubstantiated claims (BS).

Is it important?

One of the objectives of Enhanced
Realities is to expose people to novel
techniques (or novel applications of
known techniques) that have the
potential for becoming mainstream
several years in the future. This is what
| mean by importance. Is there some-
thing about the installation that is a
harbinger of things to come? In your
proposal and video, you should make
this very clear. In general, importance
should be read as “technical impor-
tance” as opposed to “sociological
importance.” Ideally, your installation
should be based on research that is
worthy of being presented in SIGGRAPH
Papers or Sketches (and in the best of
all possible worlds, is being presented
in one of those programs), or that you
are planning on submitting as a Paper
next year. If you believe that the real
importance of your installation lies in its
sociological implications, don't be
deterred, but be sure to present your
rationale in a clear and down-to-earth
manner.
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Jury Statement Andrew Glassner

Even before | started reading the pro-
posals for SIGGRAPH 98's Enhanced
Realities, ] wanted to accept them all. |
knew that every proposal represented
the work of one or more people who
wanted to share their coolest ideas
with the rest of the SIGGRAPH com-
munity. Since | like to support imagina-
tive and creative thinking whenever |
can, | wanted to invite all the proposers
to come along and show their stuff.

But that wouldn't be fair to the
SIGGRAPH 98 attendees, whose time
at the conference is already in short
supply. Our job as a jury was to select
those entries that would really reward
someone’s time and effort. The ideal
Enhanced Realities entry would inspire
a new idea or cause someone to laugh
and grab a friend, insisting that they
had to come and check out the piece.

There are at least two ways to think
about evaluating pieces. One way is to
be selfish and simply judge each entry
by its impact on one’s own self.
Another way is to consciously act as a
representative for other viewers and try
to choose entries that would delight
and excite them. Our chair, Janet
McAndless, did a great job of selecting
people who represented a cross-
section of the SIGGRAPH crowd:
artists, scientists, programmers, dream-
ers, and so on. Janet's up-front work in
assembling the committee meant that
we were free to be selfish. This meant
that as a juror, | could operate as my
mind and gut told me to.

Because | believed that every entry
was a sincere proposal, | wanted to
extract every hit of good stuff from
each one, so that I'd have a chance to
really evaluate how each work hit me.
Unfortunately, many of the proposals
didn't give themselves a fair chance.
The first big problem was ambiguity.
Some proposals were simply too short
to explain what they were about.

Microsoft Research

s

Others were unclear, either because
they were couched in jargon or simply
poorly written. We had several propos-
als that were filled with “art speak’”
For those who are unfamiliar with this
form of expression, it is the intellectual
language of art that can obscure as
much as it illuminates. Art speak would
refer to a pencil as a “trans-physical
emotional/intellectual realizer, directly
projecting mental thought processes
without correlated referents into con-
crete manifestations of private and
public iconography” You get the idea.
It is almost impossible to understand
what this stuff refers to.

Some projects were simply without
purpose, and amazingly, sometimes
information was simply missing. We
would see pictures or a video of a
gadget or a system, and we'd be left
wondering why they bothered. What
good is this thing? What problem does
it solve? What questions does it pose?
Why is it different or better than other
ways to accomplish the goal? Bottom
line: why did the authors do this? When
we were sufficiently bewildered, we
had to let the proposal go into the
reject bin.

A related problem was proposals

that stressed the wrong thing. There
were some projects that had very cool
technology applied to toy problems,
when the ultimate purpose was much
more interesting and valuable. We were
a little more generous to these on the
whole, since so much of SIGGRAPH is
about technology, and we imagined
that most people would see the appli-
cations on their own if the technology
was sufficiently well presented.

A few of the proposals seemed to try
to enhance their credentials by refer-
encing the many fine people and
reviewers who had already said good
things about the work. If a piece really
had some stellar reviews, | didn't mind
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seeing them mentioned as supporting
documentation. However, some propos-
als dropped names egregiously. | have
to admit that | tended to think that any
submission that flaunted its credentials
was probably doing so to cover some-
thing up, and | usually found that
something. | would have preferred that
the authors let the piece stand on its
own merits.

Finally, business blurbs were rejected
pretty quickly. We were aware that
some of the proposals represented the
work of people in commercial enter-
prises, and that wasn't a problem. But
when the submission made it pretty
clear that the proposal itself was simply
an advertisement for a commercial
product, we were rather more careful,
since we didn't want Enhanced
Realities to turn into a smaller version
of the SIGGRAPH 98 Exhibition.

The proposals | liked best were short,
clear, well-written and illustrated, and
identified the value of the piece. |
appreciated proposals that identified
what was already working, what could
probably be done in time for the con-
ference, and what was just blue-sky. |
liked proposals that didn't strain to sell
the work, but simply shared why it was
done, what was cool about it, and why
other people would be turned on to
see it. Enthusiasm is always great to
see, but the best proposals also shared
the lasting value of the work. Many of
the proposals that we accepted had
their purpose and value stated crisply
and clearly up front, and then expand-
ed on that basic idea to show its
implications.

| hope that when you tour Enhanced
Realities you'll find some presentations
that make you laugh, some that make
you think, some that give you great
new ideas, and some that give you an
optimistic picture of the future we're all
creating together.



Jury Statement Kathryn Saunders Royal Ontario Museum

Seventeen projects were selected by
our jury from the 68 entries originally
submitted. This year's selections con-
tinue to “raise the bar” of creative and
technological excellence that is the
hallmark of Enhanced Realities.

While we used the same two-step jury
process (screening and finals), each of
us on the jury employed our own crite-
ria for grading the submissions. In
selecting the jury, the chair astutely
combined industry professionals from
research, artistic, and production back-
grounds, which gave rise to some lively
discussions and piercing insights.

| evaluated the projects using the fol-
lowing criteria:

* The level of innovation @

» The strength of the idea

» The quality of the content and
implementation

» Audience appeal

« Significance and potential influence

Level of Innovation

Certainly the most common question
asked by the jury was: “What is the
innovative or groundbreaking tech-
nology demonstrated here?”
Submissions such as Object-Oriented
Displays managed to communicate an
impressive level of innovation by using
a series of diagrams to describe the
technology in detail, indicating what the
components were and how they were
configured. Another project appeared
to be based on the same level of inno-
vative research. The jury was very inter-
ested and wanted it to be included in
the ranks of the winners, but we had to
give it a failing grade because it was
so poorly documented. It lacked
accompanying images, video, or Web
site, so we couldn't reasonably take the
risk of including it. Ten percent of the
submissions were disqualified because
of lack of documentation.

Strength of the Idea

There is a saying that computer graph-
ics are the solution to a nonexistent
problem. I, however, was completely
moved when | came across submis-
sions with strong ideas and real
resonance. Stretchable Music with
Laser Range Finder is one such
project. Participants create music by
moving their hands to stretch and
distort graphics that in turn control
different sounds, rhythms, and patterns.
By incorporating an innovative laser
hand tracker and superb programming,
the effect is seamless, intuitive, and
very satisfying. Other ideas were strong
partly because they were so “simple’”
inTouch, for example, did not demon-
strate breakthrough technology. Rather,
its strength was its unabashed
response to a basic human need for
tactile communication between two
people separated by distance.

Quality of Content and Implementation

| looked for content that was not only
engaging and beautiful, but offered
something beyond the expected. For
example, Media & Mythology uses
role-playing within a multi-user domain
as a vehicle to learn about ancient
mythology. When the jury met, much

of Media & Mythology was not yet pro-
duced. However, using images of past
work and conceptual sketches, the
submitters were able to convince us
that they had the talent and the
resources to pull it off. To be accepted,
contributors had to reasonably demon-
strate that they would be able to
control or direct a unified, consistent,
holistic experience, which is not easy
for most people. Entrants who worked
as part of a collaborative team ranging
from research scientists to artists, to
shape the new technologies into
meaningful experiences, were more
successful. Those who actively solicited
feedback from the Enhanced Realities
chair enjoyed even more success.

Audience Appeal

Each of the successful submissions
proposed experiences that allowed
people to actively participate. Although
the type of interaction varied, the jury
was completely aligned on the fact that
the experiences had to be fun and
engaging. From the immediately acces-
sible interactive environment of the
HoloWall and Mass Hallucination to the
more process-driven experience of
Shall We Dance? and. Virtual Head, the
successful projects are to be com-
mended overall for their interactive
focus.

Significance and Potential Influence
Enhanced Realities showcases break-
through technologies combined with
innovative content. Next year, the
industry will have advanced through the
evolution or deviation of these and
other ideas. Submissions that have the
potential to act as a catalyst or influ-
ence future technologies were favored
by the jury. Although technological
breakthroughs received the highest
marks, incremental improvements and
innovations were also accepted.

One project, which resurfaced from
last year, demonstrated significant
advancements in its innovation.
Although the purpose of the project
remained constant, the technologies
used in 1998 were a marked improve-
ment over the 1997 submission.

The contributor wrote that during
SIGGRAPH 97 he met someone

who suggested another way of
approaching the problem. | liked that.
It reinforced SIGGRAPH's role in the
exchange and development of ideas
that are actively shaping our future.
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HoloWall: Interactive Digital Surfaces

HoloWall is an interactive wall system
that allows visitors to interact with
digital information displayed on the
wall surface without using any special
pointing devices. The combination of
infrared cameras and infrared lights
installed behind the wall enables
recognition of human bodies, hands,
or any other physical objects that are
close enough to the wall surface.
Visitors can use both hands simultane-
ously. Body shape can also be an input
to the system. HoloWall demonstrates
several interactive environments,
including a world of autonomous
digital insects that respond to body
movements and an interactive sound
environment that reactively creates
music sequences based on the user's
actions.

Jun Rekimoto

Sony Computer Science Laboratory, Inc.
3-14-13 Higashigotanda, Shinagawa-ku
Tokyo 141-0022 Japan
rekimoto@csl.sony.co.jp
www.csl.sony.co.jp/person/rekimoto/holowall/

Masaaki Oka
Nobuyuki Matsushita

Sony Corporation

Hideki Koike

University of Electro-Communications HoloWall demonstration at NTT ICC.
Courtesy of NTT InterCommunication Center [ICC]

Collaborators
Hiroaki Tobita

Jun Nagahara

Tota Hasegawa
Hidenori Kurasawa
Hiroyuki Sueno
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Swamped! Using Plush Toys to Direct Autonomous
Animated Characters

Swamped! is a multi-user interactive
environment in which instrumented
plush toys are used as an iconic

and tangible interface to influence
autonomous animated characters.

Each character has a distinct personality
and decides in real time what it should
do based on its perception of its envi-
ronment, its motivational and emotional
state, and input from its “conscience;
the guest. A guest can influence how a
given character acts and feels by
manipulating a stuffed animal corre-
sponding to the character. For example,
the guest could direct her character's
attention by moving the stuffed
animal's head, comfort it by stroking

its belly, or have it wave at another
character by waving its arm. Automatic
camera control is used to help reveal
the emotional content of each scene.
By combining research in autonomous
character design, automatic camera
control, tangible interfaces and action
interpretation, Swamped! seeks to
create a rich, evocative and novel
experience.

Bruce M. Blumberg

Synthetic Characters Group

MIT Media Lab

E15-311, 20 Ames Street

Cambridge, Massachusetts 02139 USA
bruce@media.mitedu
characterswww.mediamitedu/groups/characters/

Collaborators

Bruce Blumberg

Michael Patrick Johnson

Michal Hlavac

Christopher Kline

Kenneth Russell

Bill Tomlinson

Song-Yee Yoon

Agnieszka Meyro (Administrative Assistant)

Synthetic Characters Group, MIT Media Lab And the following undergraduates:

Jed Wahl
Aaron Bobick Jeremy Lueck
Andrew Wilson Todd Nightingale
Vision and Modeling Group, MIT Media Lab Javorka Saracevic

Damian Isla
Zoe Chelsea Teegarden
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Synthetic Characters Group
& Vision and Modeling Group

MIT Media Lab
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ARZ Hockey Toshikazu Ohshima, Kiyohide Satoh, Hiroyuke Yamamoto, and Hideyuki Tamura
Mixed Reality Systems Laboratory, Inc.

In AR2 Hockey (Augmented Reality
AIR Hockey), players share a physical
game field, mallets, and a virtual puck
to play air hockey in simultaneously
shared physical and virtual space.
They can also communicate with
each other through the mixed space.
Since real-time, accurate registration
between both spaces and players is
crucial to playing the game, a video-
rate registration algorithm is imple-
mented with commercial head-trackers
and video cameras attached to optical
see-through head-mounted displays.
Our collaborative AR system achieves
higher interactivity than a totally
immersive VR system.

Toshikazu Ohshima

Mixed Reality Systems Laboratory, Inc.
6-145 Hanasaki-cho

Nishi-ku, Yokohama 220-0022 Japan
ohshima@mr-system.com
www.mr-system.com/

Collaborators
Toshikazu Ohshima
Kiyohide Satoh
Hiroyuke Yamamoto
Hideyuki Tamura
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PingPongPlus Tangible Media Group
MIT Media Lab

PingPongPlus is a digitally enhanced
version of the classic ping-pong game.
Various audio and visual augmentations
have been added to a conventional
ping-pong table with a non-invasive,
sound-based ball tracking system. The
“reactive table” displays patterns of
light and shadow as a game is played,
and the rhythm and style of play drives
accompanying sound. At times, the
game is subtly enhanced, and some-
times it is powerfully changed. In one
mode, the table appears to be covered
with water, so that playing on it creates
patterns of subtle ripples. In another
mode, images that race around the
table change the entire scoring system
and method of play. The goal of the
project is to explore systems for collab-
orative play that push the physical
world back into the forefront of design,
without relying on simple GUI con-
trollers, such as a mouse, keyboard,
and joystick.

Craig Wisneski

MIT Media Lab

Massachusetts Institute of Technology

E15-452, 20 Ames Street

Cambridge, Massachusetts 02139 USA
wiz@mediamitedu

tangible. media.mit.edu/projects/pingpongplus.html

Collaborators
Craig Wisneski
Julian Orbanes
Hiroshi Ishii
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Object-Oriented Disp|ays Naoki Kawakami, Masahiko Inami, Yasuyuki Yanagida, and Susumu Tachi
The University of Tokyo

In Object-Oriented Displays, users per-
ceive and operate a virtual object as if
it were real. Design and implementa-
tion of three types of object-oriented
displays are demonstrated: MEDIA-
Ace, a liquid crystal display (LCD) and
position sensor; MEDIA-Cube, a posi-
tion sensor and four LCDs arranged
in the shape of a cubic body; and
MEDIA-Crystal, which uses optical
projection.

Naoki Kawakami, Masahiko Inami, Yasuyuki
Yanagida, and Susumu Tachi

Tachi Lab. MEIP, The Faculty of Engineering

The University of Tokyo

7-3-1 Hongo Bunkyo-ku

Tokyo 113-8656 Japan
kawakami@star.t.u-tokyo.ac.jp

Collaborators

Naoki Kawakami
Masahiko Inami
Yasuyuki Yanagida
Susumu Tachi
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Mass Hallucination

This imaging display changes accord-
ing to the number of people watching
it, their behaviors, and whether they've
watched the device before. It is reflex-

ive: the displayed image is a function of

the people watching the display. It
encourages crowds of people to col-
lectively manipulate the display with
their bodies or faces. Yet it is also
personal, in that it can recognize the
appearance of a user for short-to-
medium periods of time and tailor the
display accordingly. As in Magic
Morphin' Mirror, a SIGGRAPH 97
Electric Garden project by the same

group, this display captures video along

the same optical axis as video is dis-
played, so images of observers can be
directly manipulated, composited, or
distorted on the display. In contrast to
the previous work, which only consid-

ered a single user at a time and had no

persistence after they left, this display

is designed to visually track a crowd of

people and provide a shared graphical
experience. It also tracks users over
time through multiple sessions. We
show that continuity/consistency

of experience across multiple simulta-

neous users, or a single user at a time,

is possible.

Trevor Darrell

Interval Research Corporation
1801 Page Mill Road, Building C
Palo Alto, California 94304 USA
trevor@interval.com

T. Darrell, M. Harville, G. Gordon, J. Woodfill
Interval Research Corporation
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Foot Interface: Fantastic Phantom Slipper

People should be able to use their feet
just as freely in a virtual environment
as they do in the real world. Wearable
interfaces should not cause psycholog-
ical and/or physical discomforts. This
slipper-like multi-modal interface is
based on those two assumptions. It
features a slipper interface with cyber-
worlds. Each foot's movement is
measured in real time with an optical
motion capture system, and feedback
signals are transmitted to the soles.
Phantom sensations elicited by multiple
tactile stimuli allow transmission of
complicated feedback information such
as objects moving around the feet.
Optical markers for motion capture and
vibrators for tactile stimulation are
installed in the slippers. Players interact
with virtual objects projected onto a
floor screen, sense them, and use them
to play games. The system runs on a
single PC.

Yuichiro Kume

Tokyo Institute of Polytechnics
1583 liyama,

Atsugi, Kanagawa 243-0297 Japan
kume@photot-kougei.acjp
laplace.photo.t-kougei.acjp/

Collaborators
Akihiko Shirai
Masaru Sato
Yuichiro Kume
Machiko Kusahara
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Akihiko Shirai, Masaru Sato, Yuichiro
Kume, and Machiko Kusahara



inTouch

Touch is a fundamental aspect of inter-
personal communication. Yet while
many traditional technologies allow
communication through sound or
image, none is designed for expression
through touch. The goal of inTouch is
to bridge this gap by creating a physi-
cal link between users separated by
distance. InTouch consists of two sepa-
rate identical objects, each consisting
of three cylindrical rollers mounted on
a base. The two objects behave as if
corresponding rollers are physically
connected, but in reality, the objects
are only virtually linked. Sensors

are used to monitor the states of the
rollers, and computer-controlled motors
synchronize those states, creating the
illusion that distant users are interact-
ing through a single, shared physical
object.

Scott Brave

MIT Media Lab

Massachusetts Institute of Technology
E15-468C, 20 Ames Street

Cambridge, Massachusetts 02139 USA
brave@media.mit.edu

tangible. mediamit.edu/projects/intouch.html

Collaborators
Scott Brave
Andrew Dahley
Phil Frei
Hiroshi Ishii

Tangible Media Group
MIT Media Lab
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Virtual FishTank Nearlife, Inc.

The Virtual FishTank is a simulated
aquatic environment featuring a
400-square-foot tank populated by
whimsical and dynamic fish.

Participants can:

 Create their own fish.

 Design behaviors for their fish.

» Observe their fish interacting with
other fish.

* Manipulate behavioral rules for a
group of fish.

* Discover how these behaviors can
emulate schooling.

» Analyze emerging patterns.

Through real-time 3D graphics, visitors
are introduced to ideas from the sci-
ences of complexity — ideas that
explain not only ecosystems, but also
economic markets, immune systems,
and traffic jams. In particular, visitors
learn how complex patterns arise from
simple rules. The first version of Virtual
FishTank opens at The Computer
Museum in Boston in June 1998. A
second version will travel nationally to
other science museums and aquariums.
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Haptic Screen Hiroo Iwata

University of Tsukuba

Haptic Screen is a new force-feedback
device that deforms itself to present
shapes of virtual objects. Typical force-
feedback devices use a grip or thimble,
but users of Haptic Screen can touch
the virtual object without wearing any-
thing. Haptic Screen employs an elastic
surface made of rubber. A 6 X 6 array
of 36 actuators deforms the surface
and controls its hardness according to
the force applied by the user. An image
of the virtual object is projected onto
the elastic surface so that the user can
directly touch the image and feel its
rigidity.
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