Community Outreach b Introduction

The Community Outreach Program introduced SIGGRAPH to the San Antonio community with a series of
special programs in the months leading up to the conference. Its purpose was to generate and dissemi-
nate computer graphics information and ideas in San Antonio, and to establish a network of ideas that will
continue after the conference.

Community Outreach presentations were targeted to educators and students, and featured distinguished
computer graphics professionals from the fields of animation and interactivity. Speakers included Karen
Sullivan (Ringling School of Art and Design), Dan Collins (Arizona State University), James Mohler (Purdue
University), John Mcintosh (School of the Visual Arts), Doug Roble (Digital Domain) and Simon Allardice
(Stanford University and Lynda.com).

Students and faculty from more than 15 area high schools and 8 area colleges and universities attended
the preconference workshops.

Tours of selected events at the conference are also planned for educators.

Nancy Wood, Chair
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Educators Program D Introduction

educate

Pronunciation: ej8 o)

Definition: to train or develop the knowledge, skill, mind or character of, esp. by formal schooling or
study

The SIGGRAPH 2002 Educators Program highlights the processes, techniques and technologies that are
critical for educating future pioneers, practitioners and visionaries in computer graphics and interactive
techniques. Contributions include diverse content from post secondary and K-12 institutions, focusing on
those who use computer graphics as a teaching tool as well as those who teach computer graphics as a
branch of learning.

The 2002 Educators Program continues the highly successful forum presentation format, where modera-
tors and attendees create a collaborative environment where important issues and problems facing edu-
cators are discussed. Unlike traditional venues, the forum is unique in that it allows all participants to

draw upon the combined knowledge, experience and viewpoints of everyone in an open arena for commu-
nication. This year we have forums focusing on game development curricula and approaches, studio

views on demo reels, Oteaching gemsO for computer science and art and design, and forums on creativity,
developing a knowledge base for computer as well as how educators can inspire the ORenaissanceO stu-
dent in computer graphics. In addition to the forums scheduled throughout the week, the Educators
Program also provides traditional workshops, papers and panels that are designed to round out the pro-
gram and provide a full-week of activities for the computer graphics educator.

| would like to thank the members of the Educators Program Jury and the various reviewers who provided
valuable feedback and insight in the selection of content for the program. It is this group that ultimately
shapes the program into what it will be, bringing into reality the tangible form and format from the overar-
ching vision for the program. My personal gratitude is also expressed to April Ramey for assisting with
the myriad details of the program, as well as Stephen Spencer for coordinating the publication details.
Finally, I wish to articulate my thanks to Tom Appolloni and Janet McAndless, my colleagues at Purdue
University, and, most importantly, my wife Lisa.

James L. Mohler, Chair
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Forum: The Role of Creativity in Computer Graphics Education

Bruce Wands
School of Visual Arts
brucewands@aol.com

Abstract

This forum will give attendees a chance to present their own
views on creativity and curriculum, as well as hear those of
educadrs from a diverse group of colleges. Computer graphics
education has grown tremendously in the last five years,
particularly on the department level. Many issues have arisen
related to the place of computer graphics education within a
specific departmeng’ curriculum. They include the type of
courses offered, challenges arising from the impact of this added
educational component, and the desire to maintain traditional art
education elements, such as theory and critique.

Creativity has historically been dabssed in theory and
critique classes. It is also now being taught along with software in
computer graphics classes. Outcomes from this forum will allow
educators to gain insight into their approach to nurturing creativity
as it relates to computer graphieducation. Other topics to be
discussed include interdisciplinary approaches to curriculum,
creating content for courses, and the relationship of computer
graphics to traditional art education. The role of creativity in
computer science classes, pattdy programming, will also be
discussed.

1 Background

Digital tools have become an integral part of the creative
professions over the past decade. The Web is now a part of
everyday life and an entire genre of computer animated feature
flms has evoled. Digital art received considerable public
exposure in 2002 with major museum exhibitions at the San
Francisco Museum of Modern Art, The Whitney Museum of
American Art and the Brooklyn Museum of Art. Early pioneers in
these fields were either artists érgsted in new technology or
computer scientists interested in art. When the time came in the
mid-1980™s to start educating students to pursue careers in these
emerging fields, educators were faced with dilemmas that
continue to this day. Some schools teach art first before allowing
the students to touch the computer, while others take a
professionl training approach and focus on teaching software.
Institutional issues are still critical in defining where this
education takes place. Does the Art Department buy computers or
does the Computer Science Department teach art?
Interdisciplinary concernsake solutions to these problems even
more difficult. Designers are now working with print, the Web,
animation, and video, in addition to design software. Many first
year college students already have basic literacy in imaging,
animation, video and desigrofsvare. What major should they
declare? Solutions to these issues have included bringing in
outside professionals to lecture and critique, a renewed emphasis
on ftraditional art skills, and the establishment of new degree
programs.

2 Discussion Topics:

§ Exactly what is creativity and how do you teach it?

§ How do traditional art skills relate to computer art skills?
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§ Should individual departments add digital courses to their
curricula, or should a separate department be created?

§ What are some of the rawge issues for colleges teaching
computer graphics, based on current economic conditions?

§ What is the future of computer graphics education?















centuies. In some small way, we see ourselves collaborating to
develop revolutionary methodology in teaching art history. Art
history, a very young discipline in the humanities, which emerged
in the curricula of a few universities during the earl§/' 2@ntury,

is ripe for change in its presentation as well as in its content.

3 Conclusions and Future Work

The most dramatic and original contributions td" 2@ntury art

and culture involve digital medianot only in the creation of art,

but also in the commureédion of art history. Forty years after
35mm color transparencies replaced 4" x 4" bukwhite glass
slides as the standard for presenting images to art history classes
and twenty years after videos were added to art historians’ baskets
of presentationtools for both lecture hall and seminar room,
computer animation has the potential for revolutionizing the
teaching of art history.

Several of the student animators will be present during this
panel session to add their insights to the dialogue between
presenters and conference participants. Although audience
members will have their own queries, the presenters are interested
in feedback from their peers and others who witnessed the
presentation of this project. We are curious to know whether or
not these lactic animations more effectively explain principles
of art history than traditional methods of lectures, slides, and
videos. How can computer animation be used for didactic
purposes for art history and other fields of study? What are the
optimal educatinal levels (K12 or college) for adapting
animated sequences on video or CD for teaching? How would you
modify what we have achieved for a better product?
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for a more detail on technical and related social issuesftfare 4 The Problems with Components

component use. . . )
This section contains an alphabetical listing of central issues for

3 What Educational Software Projects are componenbased educational software projects and describes
Developing Components? some of the problems otheesd we have faced or anticipate
facing in the near future.
A number of educational projects have been tackling the problem  Critical Mass: The leverage provided by components cannot
of creating reusable software components for educational be realized without a critical mass of components. But the
applications, including our Exploratories ojgct at Brown motivation to build componeiitased systems may be lacking if
University [Exploratories Project]. Exploratories creates Web that critical massioes not already exist. This “chicken and egg”
based learning materials for the teaching of introductory computer problem must be addressed for the vision of truly useful (i.e.,
graphics (currently using Java and Java3D) and publishes findingshigh-quality and weHpopulated) repositories of educational
about strategies that seem to work for crgatamd using this components to become a reality.
content [Laleuf and Spalter 2001; Spalter et al 2000; Spalter and  There is ongoing debate about the number of conmtsne
Simpson 2000]. In additon to our own experiences, we needed to establish a useful repository in a specific domain and
interviewed Chris DiGiano, a leader of the ESCOT project the level of granularity that is most effective. ESCOT asflaie
[ESCOT]. ESCOT created compondraised software for middle ~ both favor the inclusion of larggrained, somewhat modifiable
sctool math. We also drew on email correspondence with components (such as those created for ESCOT in Geometer's
Manolis Koutlis of the ESlate project, a largecale, longerm Sketchpad or Slate’s Map, Database, or Grapher components).
(over eight years now) undertaking in Greece to create ariceasy Exploratories, on the other hand, has focused on making all
use visual component assembly environment for teachers. Ouraspects of even larggained components highly accessible to
understanding of both ESCOT and -Blate were assisted programmers, resulting in hierarchies of many -Graned
immeasurably by reports from Andy diSessa’s Web/comp project componentslt may be that a repository designed for use by
[WEB/comp Project], which is funded to explore issues in teachers who are combining preade components should contain
componenbased educational computing. (Please note that the a much smaller number of components (and chiefly laygened
definition of component computing ed in the Web/comp project  ones) than a repository designed for programmers who want to be
is more inclusive than the one used in this paper.) DiSessa'sable to make modifations at all levels (from what a simulation
write-up of his own project, Boxer [WEB/comp Project] sheds does down to its look and feel).
light on this subject. Finally, the Brown Exploratories project is Intellectual Property (IP) Issues:The time and money
part of the NSF National Science Digithibrary (NSDL) necessary to create a working set of reusable components is most
program [NSF NSDL] and through annual meetings with fellow often prohibitive for nefor-profit ventures. Thus fordacational
grantees we have become familiar with many issues of organizing institutions it can make sense to partner with commercial ventures
repositories of educational materials. or to try to market some aspects of one’s work independently. The
We focus on the few projects mentioned above because thesdeSCOT project partnered with several companies that contributed
are the only largecale educational software efforts we could greatly to the component content, particulaitgugations. One of
discover that are attempting to produce sustainable libraries oftheir main partners, AgentSheets, helped them generate
educational software components. While there are many projectssimulations quite rapidly. Under the terms of the grant, many
that assemble collections various types of siinde educational components were used for free for experimental educational work.
materials, such sa applets (the Educational Object Economy, Now that the grant is over, however, it leaves no figgository
discussed by DiSessa is a good example), there seem to be verpehind for others to use. Many IP issues have kept ESCOT from
few that are building repositories of comporbased building more broadly releasing their full set of components.
blocks in the sense that we define them in the previous section. IP and licensing are standard issues in the corporate world and
Despite some successas these projects and others, and corporations have legal counsel and often their own team of
despite significant contributions from a range of talented and lawyess. While university faculty commonly have some level of
hardworking people, educators and programmers working with free legal counsel available for issues related to their work,
educators cannot yet go to the Web and search repositories ofeachers at #2 schools are not accustomed to evaluating
freely available reusable software ngmonents. We asked  licensing options for code or paying for pieces of code and are
ourselves why all the work in components has not resulted in most likely toavoid anything that is not offered for free.

more of them and what can be done to fix the situation. Platform and System SpecificityMany projects, ours
It is important to note that several projects, includirglage, included, have run into enormously tioensuming problems
as well as Exploratories (through collaboration wittv®Yaron’s addressing issues of platform specificity. This problem is not

Irydium group [CREATE] at Carnegie Mellon) have also been unique to education but is espegidlinportant because the types
working on the development of easyuse, predominantly visual of computer platforms used in schools vary widely and many are
environments that will allow neprogramming educators to  relatively old, compared with corporate systems. We have given
combine components on their ownSlate is currently offering up trying to make our applets work on the Apple Macintosh
free downloads of both its runtime and development environmentsseries, for instance, because the Javagimdu are routinely
[E-slate]. Boxer [WEB/comp Project], which lets educators create released months or even years behind those for the PC.
software in a custom environment that has many component Microsoft's .Net technology looks interesting, but won't run on
based aspects, also offers free downloads. The Carnegie MellonUnix machines, which make up the bulk of the machines in our
tool is still under construction. These and other assembly tools lab.
being developed in the NSF NSDL should help bring teachers ~ We have frequently encountered problems with differe
closer to the creative act of assembling their own educational types of browsers (an applet works with one and not another) and
software [NSF NSDL]. Developing such assembly tools is a among different versions of the same browser. In addition, the
research problem imnd of itself and we do not investigate it setup of the system software and networking for the machine
further in this paper. (with attendant permissions issues) can cause problems. Both E
Shte and ESCOT have run into the same or similar issues in
trying to roll out content into schools [Agresti and Evance]. E
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Slate now uses its own software for both building and using its items is not yet a serious issue (each has approximately 30
educational environments. Although these problems may seemcomponents). Components can be organized by categories that
trivial, they consume a disproportionate amount of time and can appeal to each project's programmers or organized by functional
dramatically erode user confidence. demands, such as different projects. For example, AgentSheets, a

A partial solution to this problem, and one that has been conpany that worked with the ESCOT project, provides an
adopted by our collaborators at Carnegie Mellon, is to package theenvironment in which neprogrammers can create graphical
software as well as the environment regghito run it on a CD “characters” with behaviors. These characters can be exported as
ROM and physically distribute this to each student using the JavaBeans. Over 500 simple AgentSheets components are
software. This lessens software incompatibility issues but does notavailable on the AgentSkes web site [AgentSheets], organized
resolve inteplatform or hardware compatibility problems. Such a by the name of the projects for which they were created.

solution also significantly lessens thienpact of electronic While these strategies work with small numbers of

learning since the course materials can then no longer becomponents, different strategies are necessary for larger

distributed electronically. repositories. The two main approaches used in ofpst of
Programming in the University EnvironmentUnlike the reusable asset repositories will probably also work with

full-time programmers in a corporation, the programming staff of repositories of software components: organization by topic and
an educational software profe is often composed of  searching through metadata. A great deal of work on the manual
undergraduate or graduate students. Although this approach is aand automatic generation of metadata has been done as part of the
rich educational experience for the students (and can also result inNSF Digital Library initiative. In particular, the education sub
wonderfully creative ideas), we have found that the learning curve program of this grant, the NSDL [Laleuf and Spalter 2001] has
for component creation is muchore difficult than we had addressed issues particular to educational use of metadata and the
imagined. Even after indoctrination into objedented environments in which it is used. Research has also showfottha
programming and the benefits of reusability, and at least a month domainspecific repositories of limited size, keyword searches

of motivating and then heavily using components (JavaBeans), wewithout use of any metadata can be quite effective [Poulin 1999].
found a wide range of real understandingmbfat a component Several groups now use metadata to harvest content and to
was and how one should be designed for reusability. Studentsmake it searchable. The Merlot project [Merlot], for instarige,

were also unclear about how their components might interact with continually growing collection of online learning materials, peer
those from other sources. TheSkte project has found that it  and user reviews, and assignments. Such projects could extend
takes about two years for an experienced deeelmpdesign truly their systems to include software components and we are
reusable components. currently in discussion with the Merlot group about this potential.

In addition, even when students exhibit a reasonably strong  Social Issues: Finally, significant barriers exist in the
theoretical understanding of how to design, write, and reuse sociological aspects of educational software component
components, and are able to adequately convey these ideaslevelopment. The ESCOT project often found that social and
verbally and in writing, they are eft unable to translate that organizational issues had more impact on the results than any of
knowledge into practical skills. Their software therefore seldom the technical is®s. The mentoring of both teachers (in the design
lives up to their own expectations or those of their collaborators. and use of the software projects) and the software developers (in

Component projects undertaken in an educational setting, ways of working collaboratively with the teachers) often seemed
aside from coping with inexperiencedogrammers, are usually to be a more important factor than any advances in the ease of
highly constrained by funding logistics as well. A grant may run coding.
for a period of only two, maybe three, yearsSgte has been Some of the problems crucial to understanding the use of
developed over the course of nine separate grants). Hiring talenteccomponents in 2 education come from the need to combine
staff without offering any sense ainy job security can be  strong software engineering skills, deep domain knowledge, and
difficult. In addition, it can often take many months for a new hire pedagogical or instructional design knowledge. The chief holders
to come up to speed. of these typesfdknowledge tend to have different backgrounds,

Quality Assurance: How do programmers know if the  personal goals, and terminologies. While our project at Brown
components they are downloading will work as promised? Will largely circumvents such issues by having educators who not only
component source vendors fulbsttthe wares they are selling? talk the language of programming but actually teach it, the
Few, if any, academic educational software projects employ any ESCOT project foundrsthand that mixing these cultures can be
systematic testing of component compatibilities. Even testing by a challenge. ESCOT used ‘“integration teams,” pairing
commercial component vendors such as ComponentSourceprogrammers and designers with educators and educational
[ComponentSource], a commercial Wehased rarketplace for technologists to design software that would have immediate
components, is composed only of testing for viruses, classroom use. Although they confirm thavihg the classroom
completeness, installation and -idstallation. The projects teachers in the design loop from the very beginning was essential,
discussed here are all in early stages of creatingflddtjed they acknowledge that communication can be difficult amongst
component repositories and the original developers of the the members of such groups.
compaents are usually on hand to provide technical support and
make changes. In the near future, however, resources will have tc6  Has Anyone Succeeded with Reusable
be directed toward testing efforts if the repositories of educational Components in Any Domain?
components are to be trusted (an essential feature for thle wh
component model to work). Although the ducational community has not yet had remarkable

Another approach to quality assurance lies in Amazon.com Success stories with components, the picture is brighter in other
style user reviews. ComponentSource offers user review sectionsfields. Large numbers of Microsoft Visual Basic components are
and discussion groups for each of its components. The Merlotavailable online. Marketplaces such as ComponentSource and

repository employs a peer review system n@steams of Flashline [ComponeBoburce] have thousands of offerings and
handpicked specialists) as well as user reviews for its assets; theiiclaim hundreds of thousands of downloads. Companies such as
framework could also be applied to software components. BEA [BEA], which sells componetifased €ommerce software,

Searching and MetadataThe repositories created as part of provide proof of workable business models for the use of
ESCOT'’s and ESlate’s work have so few entries that ot components in reaborld situations.
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Design and implementation strategies for creating component people for different domains, and easily assemble it into a
software have been developed at institutions such as Carnegiepplication may never come to pass. This vision, may, in fact, be
Mellon’s Software Engineering Institute (SEI) [SEI]. The SEI technically impossible. But a more limited goalthwdomain
group advocates a “product line” approach, in which reusable specific sets of components, written to standard specifications and
components ardeveloped for specific domains according to strict tested before being released, still has the power to revolutionize
software engineering guidelines. Such an approach can ensure thaéducational software development, not only making it
components offer robust functionality but are not so complex or dramatically faster for programmers to create new apiolicat
overloaded with such as a wide range of functionality that but also making development accessible to-programming
programmers siply write new, simpler functionality for educators through visual assembly environments. It is clear
themselves. A coherent collection of components is much more however, that the level of awareness of components needs to be
likely to be worth learning how to use than a random collection. vastly improved, both to motivate production and usage, and to

Componenbased reuse has also been judged a success irhelp bdh project teams and funding agencies gain a realistic
military projects and governmerihstitutions such as NASA understanding of the needed resources. In addition, the vocabulary
[Agresti and Evanco 1992]. Although some fundamental research of components needs to be standardized so that we are all
problems remain for general cases of component reuse andliscussing the same things.
composition, many challenges have been met, including methods  Even with increased knowledge and better sofiwar

of domain analysis and ways of measuring the fileraf reuse engineering, however, we do not believe that the essential critical

[Poulin 1999]. mass of components can be created without some coordinated
Although there certainly have been successes, the SEleffort to “prime the pump.” Although creating a “product line” of

documents and virtually every other strategy or-casdy paper software components for all of computer graphics or some othe

reconfirm our own experiences that writing reusable code requireslarge field may be impossible for many years, a coordinated effort
tremendous overhead. It may take many $irae much effort to to address, say, all the linear algebra needed for introductory
create a set of reusable components than simply to develop codecomputer graphics, or a color theory unit, could set an extremely
for onetime use. In many cases it does not make sense to stressiseful example. However, such a collection, from userfaate

reuse. We have found that the final design of a reusable elements to underlying math engines or simulation pieces, cannot

component must be completely solidified before artaking this grow ad hoc; it would require a sizeable-fumt planning and
decidedly more demanding approach to programming. design effort.

Andries van Dam and others have proposed a Learning
6 Sois This Just a Software Engineering Federation, a neprofit consortium of government ariddustry,
Problem? to provide an usually lontgrm and high level of funding for the

creation of exemplary online courses using highly interactive
It is natural to ask why, if components are working in one domain, computetbased environments. Something of this nature, with a
they aren't working in another? Is it simply that the proper focus on software components, may well need to be dreate
software egineering knowledge has not been applied to before the potential of component repositories for educational
educational uses or that the solutions to relevant problems are nokoftware can be realized.
even known? Our feeling is that the answer for the lack of success
in the creation of reusable component building blocks for g Acknowledgements
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Our conversation quickly led into the hazards of consuming downtown Chicago, evare all but surrounded by the competing
processed foods that had hidden health risks or prepackaged mealsgos and combo deals offered by the restaurant chains desperate
with “secret recipes” like Colonel Sanders’ fried chicken. We to lure us to lunch. The Big Mac will remain a favorite subject of
noted the correlation beeen bigname manufacturers’ tendency  mine to begin an important dialogue with aspiring media atists
to hide detail in the packaging and the composition of their the tools we use ithe classroom come ppackaged with all of
product. Students compared the omissions inherent in ingredientthe convenience, freshness and flavor that we demand from our
lists boasting “natural flavors” with the Microsoft's overly casual burgers. How possibly, can we make art with software before we
warning to the user thall margin and font settings would be have some understanding of forces that generated that software’s
changed during the conversion of a Word document to a web popularity? That qusion can feed a class for a year.
page. What you see is not necessarily what you get in a browser
window or in a fast food restaurant. References

After the discussion, | screened the Adbusters web sie, th .
creation of a group of Canadian media artists who take an activistBARDINI, ~ T. 2000. Bootstrapping Douglas Engelbart,
approach to cultural critique. The following quotation comes Coevolution, and the Origins of Personal Comput@gnford,
directly from their online mission statement: CA: Stanford University Press.

“ADBUSTERS is dedicated to reinventing the outdated KAPLAN, D A. 2000. The Silicon Boys and Their Valley of
paradigms of our consumeulitire and building a brave new Dreams New York: Harper Perennial.

understanding of living. We relish all truly political materials, ) . . )
whether they are scholarly probes into the decline of LASEN, K. (editor). Adbusters ‘ZineAdbusters Media Foundation
civilization, environmental forays into the forests;fscarpet (http://adbusters.org).

rides into cyberspace or humorous aigscabout commercial .
culture. More than anything, we seek compelling ideas that PENNY, S. 1995. Consumer Culture and the Technological

further the critical perspective and offer activist solutions. Our ~ !Mmperative: The  Artist in DataspaceCritical Issues in
language is culture jamming: the new activism.” Electronic Media SUNY Press My students read an online

version at: http:/Amwwart.cfa.cmu.edu/penny/texts/

Also featured on the Adbusters’ web site, the Ad Spoofs Artist_in_D'space.html.
genegated a good deal of interest and a meaningful-lead the . )
afternoon studio hour. The collaborative assignment for the week SCHLOSSER E. 2001. Why McDonald's Fries Taste So Good,
was to create a “fast food spoof’ web page. About half the class ©€Xcerpt fromFast Food Natio. Published in theAtlantic
started to work to generate humorous images while half designed Monthly; January 2001; Volume 287, N&, pages 586. This
the web interface for our site. One individual began creating a Pi€ce is available online at: http:/Avww.mathaba.net/data/
banner ad for the site itself. whymcdonalds.htm.
In general, students responded positively to the new curricular
initiative although no one felt compelled to stop eating French
fries. Final class evaluations dicated that the majority of
students felt that the studio assignments, readings, and discussions
relevant and meaningful to the course. Two students have
continued to make artwork about patterns of consumption in our
culture in advancetkvel classes inhe Art and Technology
Department. For example, 1 am working with a student in my
“Interactive Multimedia” course who is designing a breakout
game designed to confound the user’s food preferences that were
established previously in an online survey.
Most stidents indicated a desire on their evaluations to learn
more indepth skills to manipulate and control software. This
outcome is very positivethe course was designed to entice a
diverse group of students to focus their BFA study in our
department. Howeversome students were discouraged that the
class touched on several software applications instead of just one
in depth. This kind of complaint seems to be common among
students who hope to begin lucrative careers in web and
multimedia design after graduatioAs an educator, | believe that
advanced software instruction can be easily accomplished with a
manual or an online tutorial. From my standpoint, the critical
ingredients of success in the class were the lively discussions
provoked by the readings andesenings of artists’ work.

5 Conclusion

While | plan to rework some reading selections and study
assignments, | will teach the Fundamentals class using the theme
of fast food to spark interest and generate meaningful critique of
the software industrynd its products. Admittedly, the business of
fast food is an arbitrary choiednterchangeable in some ways
with other industries dependent on public taste and convenience.
The comparison might not work as well in a different context. In
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Students were given a handout identifying four criteria for a minutes and the requirement that every group ask at least one
good tutorial topic: question of each of the other groups led to interesting discussion
sessions. It encouraged broad understanding of the papers and
§ Relevance- Your topic should be cleen so that your final critical analysis; however the sessions evdight on technical
tutorial will help the reader to understand the methods, details.
results, or context of your assigned paper in greater depth ~ Another activity during the third week was a second
than they would simply by reading the assigned paper. individual halfhour meeting with the instructor. Students were
Your topic need not be part of computer graphics itself. expected to have made substantial progress on their tutorial
research by this time and were asked to bringwttine and a list
§ Value — The topic should be chosen so that the final of references that they had uncovered in their research.
tutorial will be of value to your peers. That is, it shouldn't Preparation for the second meeting counted for 5% of the unit
be about something that most of them know about already mark.
... or could easily learn with a quick internet search.
2.4 Week 4: Peer Review
§ Research Potential The topicshould lead you to research ) . . )
other sources besides your assigned paper. You'll need to Students were requ[red to.wrlte a complete .draft of their tutorial
find both library and Internet resources. and to bring two @pies of it to the sessions in the fourth week.
These drafts were distributed and each student read and reviewed
§ Uniqueness- Your topic should be distinct from the topics @S many drafts as possible. The review form contained the
of others in the class. following instructions: “As reviewer, your task is to give the
author of the tutoriatonstructive feedback about the content and
Discussion at the meetings focused on shgpa background ~ Clarity of the draft tutorial. Focus your comments on how the
area that met the criteria and identifying starting points for tutorial affects your leaming. Be as specific as possible, and be
learning about that topic. It usually wasn't difficult to avoid SUre to include both positive and negative feedback. Suggest ways
overlapping topics, since different students had different that the tutoriacould be improved.” The draft tutorial and peer
backgrounds and interests. In a few cases, negatiatias reviews counted for 20% of the unit mark. , ,
necessary. Students took the draft tutorials and peer reviews seriously. It
For the third session of the week, each student met with the WaS an early chance for students to share knowledge and it
others who were researching background knowledge for the same€nabled them to see how others werengjabout explaining
paper. This allowed them an opportunity to share insights on the COmplex material.

paper and to plan a group paper presentation enfdatiowing It also was an opportunity for students to discover whether
week. they had pitched their tutorials to the right levels. While this

succeeded in some cases where students had assumed too high a
2.3 Week 3: Paper Presentations level of mathematical sophistition, most student reviewers were

shy about giving negative feedback and about admitting that they
During the third week, the formal sessions were devoted to short didn’t understand things. Many comments related to grammar,
presentations of the papers by the students writing tutorials for spelling and format rather than tutorial content. In retrospect,
them. These could not be comprehensive. They were meant tostudent reviewers should havesen given clearer guidelines,
give all stuénts an overview of the papers that they would be perhaps including some sample reviews.
responsible for on the final exam. Students were encouraged to
plan their talk around the following focus questions: 2.5 Final Tutorials

§ What is the problem that the paper is trying to solve? Final written tutorials were due at the end of the fourth week and
were worth 50% of the unit mark. They were marked on both

§ What solutions are the authomomosing? How well do technical content and clarity. Studentgere told to use their
they work? SIGGRAPH paper as a general guide to length and format.
Formal writing was not a requirement. Students were reminded

§ How are the solutions different from existing solutions to _that their audience was their peers and that they should avoid

the problem? jargon. . . .
As soon as they were received, final tutisriere put on the

§ What parts of the paper are most difficult to understand? ~ course web page so that other students could refer to them while
studying for the final exam.

§ How good are the results? Do they match the authors' |t was disappointing to discover that four of the twenty
claims? students engaged in plagiarism of published sources in their final
tutorials. Three ofhose students were international students who
§ What are the limitations dhe system? may have had misconceptions about what was acceptable in
addition to difficulties with written expression in English.
§ Are there any limitations that the authors don’t report? For the other students, final tutorials were of good quality,

with a tighter spread of gilas than the students’ incoming grade

Each group was also responsible for asking questions of otherPOiNt averages. This was perhaps due to the fact that they
groups after their presentations. They had to divide the tasks of €xchanged drafts as part of the peer review process and were able
formal presentation, question answering and questiongaski (O increase or decrease their subsequent work in response to how
among themselves to spread the workload. Group performancefney felt they were doing Iaive to the rest of the class. Weaker
was worth 10% of the unit mark. students performed better than they had in other courses and many

The group presentation and associated activities helped to®f the top students performed worse.
develop a healthy “team spirit” among those studying the same
paper. The restriction of formal presaign to just fifteen
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2.6 Final Exam 4  Conclusions and Future Work

A third of the closeébook twohour final exam was devoted to  This paper presented the design of a student centered advanced
the SIGGRAPHFbriented unit. Studes were responsible for all  undegraduate computer graphics course. Students start by
four papers on the final exam. On the exam itself, students were selecting papers from the latest SIGGRAPH proceedings that they
given a choice of answering one of two essay questions. Theywant to study, and work backwards through the literature to gain
were to support their answers using materials from at least threethe background knowledge that they require. Through the use of
out of the four papers that weredied. shared witen tutorials, each student is able to benefit from their
Performance on the exam correlated with performance in the peers’ research, enabling them to achieve more in a limited period
unit assignments; however the overall quality was lower. This of time than they could on their own.
may indicate that the students did not find their peers’ tutorials as  The course design was largely a success in the small study
useful as expected. However, there were several commlicati outlined here. Students were amlastic participants and
factors including time pressure from other parts of the final exam, developed computer graphics research skills at the same time that
a short gap between handing in the tutorials and the final exam,they learned about the latest techniques. They were pleased with
and time pressure from other courses. More research is necessarythe outcome.
The design is not without its flaws, however. An open
3 Feedback question is how well the studentvere able to learn from each
) ) ) other’s tutorials. This is an important area for future research. In
A student survey was performed just befdhe final tutorials the implementation outlined here, time pressure affected most of
were due. Fourteen out of the twenty students participated. TheYihe students, probably reducing their ability to explore others’
were asked to respond to the statements in Appendix A by ratingork In the next incarnain of the course, the unit will be
their agreement as one of five steps on a scale from 0 (stronglyexpanded to six weeks.
disagree) to 4 (strongly agree). A maik2 is neutral. Average " Time pressure affects the instructor as well. -Onene
scores, standard deviations and departmental averages are given Ieetings with students are an important part of the design, and
Table 1. Departmental averages are across all undergraduat(?equire a large number of contact hours. This is balanced
Computer Science courses. somewhat by a redad load of lecture preparation. For larger
In Questions 10 and 13, students rated the amount learned and|asses, additional teaching assistants would surely be necessary.
the overall eféctiveness of the teaching higher than the Deep understanding and original tutorial content can be
departmental average. In Question 1, all students agreed Ofincreased as a result of requiring a computer implementation as
_strongly agreed with the statement “Mgterlal was presented in an el as research and virig. This appears to be true even if the
interesting manner.” In Question 12, Just over three quarters of programming project is relatively small [Novins and McCane
respondents agreed draggly agreed with the statement “I would  2001: Novins and MingVong 2001]. An interesting challenge

like more teaching in this format.” will be to introduce implementation work into the problem.
Students were also asked for written comments about the best — gyrther work in this area seems waelktified. As the joint

and worst aspects of the course. In terms of the best aspects of thg=pe/ACM task force on the Year 2001 Model Curricula for
course, students cited the course contentyithgil choice of Computing (CC2001) states:

topic and accessibility of the instructor. One student commented:
“[1] really enjoyed the change of style, and getting to study some

of the newest developments in graphics. [It] was good to give
students input into what was studied adtitnately must increase

interest. Often at university we take subjects thinking they should
be really interesting and they focus on the boring stuffl” The

aspect most cited as needing improvement was the workload.

Although most students reported that therkload was fair, a

substantial minority thought more time should have been given
for researching and writing the final tutorial. One student noted
that “consistent work [was] required ... [causing] strain on other

An essential requirement of any computer science degree is
that it should enable graduates to cope witind even benefit
from — the rapid changehat is a continuing feature of the
computing field. But how does one achieve this goal in
practice? At one level, the pace of change represents a
challenge to academic staff who must continually update
courses and equipment. At another level, howevengijests

a shift in pedagogy away from the transmission of specific
material, which will quickly become dated, toward modes of
instruction that encourage students to acquire knowledge and

assignments. skills on their own.

Std. Dept.

Statement Mean  Dev. Mean Fundamentally, teaching students to cope withange

1. Presentation Interesting3.50  0.50 251 requires instilling in those students an attitude of mind that
2. Assignments Effective 3.14 052  2.76 promotes continued study throughout a career. [CC2001
3. Workload Fair 2.50 0.82 2.54 2001].

4. Lecturer Responsive  3.50 0.50 2.78

5. Lecturer Attitude 3.71 0.45 3.00 This work is hopefully a step in the right direction.

6. Lecturer Available 3.36 0.89 2.60

7. Diverse Backgrounds 3.00 0.82 N/A References

8. Lecturer Enthusiasm 3.86 0.35 2.93

9. Lecturer Organized 3.00 0.38 2.79 BAXTER, B., HEIB, V., LN, M. C., AND MANOCHA, D. 2001.
10. Amount Learned 3.00 0.53 261 Dab: Interactive haptic painting with 3d virtual brushes. In
11. Interest Increased 3.00 0.78 N/A Computer Graphics Proceedingsnnual Conference Series.
12. Like Format 3.00 0.85 N/A
13. Overall Effectiveness 3.15 0.53 2. CASSELL, J., VLHJ? ALMSSON, H. H., AND BICKMORE, T. 2001.

Beat: The behavior expression animation toolkitClomputer
Table 1: Results of the student survey. The numbers indicate Graphics Proceedirgy Annual Conference Series.
average level of agreement with the statements, which are

reproduced in full in Appendix A.

35



CC2001 2001. Computing curricula 2001. Tech. rep., Computer
Society of the Institute for Electrical and Electronic Engineers
(EEE-CS) and the Association for Computing Machinery
(ACM), December. http://www.computer.orglezhtion/cc2001.

DONELAN, M., AND WALLACE, J 1998. Peer assisted learning: A
truly cooperative initiative. InStudents Supporting Studenis
Dolan and A. Castely, Eds., SEDA Paper 105. Staff and
Educational Development Association, —22.
http://iwww.uclac.uk/epd/pal/SEDApaperl.html.

NoH, J., AND NEUMANN, U. 2001. Expression cloning. In
Computer Graphics Proceedingsnnual Conference Series.

NoVINS, K., AND McCANE, B. 2001. Incorporating primary source
material into the undergraduate computer visianriculum.
International Journal of Pattern Recognition and Atrtificial
Intelligencels, 5, 775787.

NoviINs, K., AND MING-WONG, S. L. 2001. A student centered
approach to acquiring background knowledge in computer
vision. In Proceedings of the IEEE Workghon Combined
ResearckCurriculum Development in Computer Vision

PicoTT, H. E., ANTUZZO, J. W.,AND CLEMENT, P. W.1986. The
effects of reciprocal peer tutoring and group contingencies on
the academic performance of elementary school children.
Journal d Applied Behavior and Analysi® , 93-98.

PLOETZNER R., DLLENBOURG, P., RAIER, M., AND TRAUM, D.
1999. Learning by explaining to oneself and to others. In
Collaborative Learning: Cognitive and Computational
ApproachesP. Dillenbourg, Ed. Elsevier,x@rd, 103-121.

SuN, H. C., AND METAXAS, D. N 2001. Automating gait
generation. In Computer Graphics ProceedingsAnnual
Conference Series.

WiLLs, C. E., [ERMER, D., McCAULEY, R. A., AND NuLL, L.
1997. Studying the use of peer learning in the introgwucto
computer science curriculum. Tech. Rep. WOSITR-97-11,
Computer Science Department, Worcester Polytechnic Institute,
September.

A Student Survey Statements

Student levels of agreement with these statements are given in
Table 1.

1. Material was presead in an interesting manner.

2. Assignments, tests, etc. were effective aids to learning.
3.  Workload was fair.
4

Lecturer responded to students’ questions in a

constructive way.

Lecturer had a positive attitude toward students.

Lecturer was available to studentstside class times.

7. Lecturer worked well with students from diverse
backgrounds.

8. Lecturer showed enthusiasm for the subject.

9. Lecturer was well organized.

10. Amount learned overall (O=nothing, 4 = a lot).

11. My interest in the subject has increased as a consegjue
of this paper.

12. 1 would like more teaching in this format.

13. Overall effectiveness of teaching (O=very poor,
2=average, 4=very good).

o g
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us to see users work with Construct3D in a very constructive Acknowledgements

manner. It was obvious that they did not need a long introduction ) ] ] )

to the system but applied their experience with 2D user interfaces The authors would like to thank Gerhard Reitmayr for his ongoing
to he 3D interface. The students’ interactions with the system in Support, Klaus Feiler and Reinhard Steiner for integrating
our HMD-based lab setup were interesting to watch. After Boolean operations, and all of the Studierstube team. We also
completing their task, some walked around the objects, viewing thank all participants inuo pilot studies for their ime. This work
them from different sides or got down on their knees and looked is sponsored in part by the Austrian Science Fund FWF under
at the sene from below. It was clear that they were proud of what contract number P14440IF and the EC under project number
they had “built” Half of the students felt that working with 1ST-200:34204 Lab@Futurg

Construct3D for the first time is easier than a first experience with

a desktop CAD package. All except one could imagine working References

with Construct3D without having worked with a traditional CAD AzumA, R. 1997. A Sivey of Augmented RealityPRESENCE:

package before. . -
Hand-eye coordination is very difficult when spotting a point 'Sl'géeoperators and Virtual Environmenéol. 6, No. 4, pp. 355

accurately in 3D space without haptic feedback or constraints. All
students reported problems with setting points at given
coordinates. As a consequence we implemented raster and gri
functions. About constructing in VR, students especially liked
walking around and inside objects, the “playful” method of
construction, and that spatial relationships and complex-three
dimensionl situations are directly visible. The clearness of
Construct3D’s menu system and the audio help system were
mentioned positively, too.

Students mentioned the following possible application areas:
interactive conic sections, vector analysis, enhancingdialspa
abilities, intersection problems, experiencing space (for very
young students) and building three dimensional worlds from two
dimensional views, elementary geometry, visualization of
constructions, geometry didactiedearning by doing and training
of spatial abilities by viewing objects from different sides.

At this stage students do not use Construct3D on a regular
basis in mathematics and geometry education, but we plan to do
extensive evaluations in current and upcoming research projects
where stdents will actually learn by using our application. While
developing Construct3D we are regularly visited by teachers,
students, colleagues and friends who evaluate the system and giv:
feedback on its quality. This helps to constantly improve the
applicaton and adopt it to the students’ needs.
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Table 1 A comparison of Scene Graph features

API/Language feature In(\?gr?tr(])r Java 3D OpenSG Opec:;r}aspchene Performer VRML
API or Format API API API API API Format
API Host Language C++ Java C++ C++ C/C++ N/A
Spec., Spec., Spec Spec., Spec.,
Documentation tutorials, tutorials, tutF(;ri al.é Spec. programer’s tutorials,
books books guide books
Version (as of 3/1/02) 2.1 1.3 1.0 0.8 25 VRML97
Source Open Closed Open Open Closed/Open N/A
Low-level OpenGL OpeDnSGDL or OpenGL OpenGL OpenGL None
Organization SGl SUN OpenSG OpenSceneGrap| SGl Web3D
. Windows & Windows & . .
OS Platforms Unix Unix Unix Unix IRIX/Linux Many

If a student kows about a lovlevel mechanism that features  care not to make them excessive in size. For example, give the
a transformation stack, then the translation is made from the scenedescription of a small application, such as the robot exammle, a
graph DAG structure to the order of appropriate transformation ask the student for a scene graph representation of the scene. Or,
operations with the appropriate stack operations. Completing this give the student a graphical representation of a scene graph and
assignment ges students an appreciation of stack operations. ask the student how it can be implemented, or how elements of
Starting with the scene graph concept is an easy way to showthe scene graph related to each other.
students a meaningful use for the transformation stack. Proficiency in the @sks of Assignment C can be tested in
In completing this type of assignment the student is forced to small programming related test questions including completing
think about how the matrixstack implementation is useful in some code, modifying some code, questions regarding
interactive or animated applications. Variations on such understanding of some code example, or API detail questions.
assignments can include optimization or other advanced issues. Due to the nature of Assignment D, it daest lend itself to
assessment as Assignments A and B. However, interesting
questions can be posed by asking how some advanced feature
) o ) might be implemented or what obstacles exist to its
A student produces a graphical application using a scep& g  jmplementation. An open question of this sort should be graded
API or Ianguagg. Thg level of dlfflCU!ty ranges from. fairly easy \ith respect to the time allotted for answering.
when implementing simple scenes using VRML to fairly complex
when doing complex tleltsks using a scene graph API. The §tudent4_3 Selecting a Scene Graph Implementation
may be given a specific scene to create or be left to desgn on
(usually under some guidance or constraints). A course can utilize scene graph concepts without requiring the
The project should require the representation of some use of a scene graph API or language. However, if programming
hierarchical object (e.g., the robot of the previous section) and assignments are to be made (i.e., assigten€ or possibly D),
animation of the hierarchical object. The power of the hierarchical then a scene graph API or language will probably selected for
representation may eb best illustrated if the same, or similar class work.
programming project is also done without a scene graph. Making a complete comparison of scene graph APIs and
languages could involve an extensive exploration of features and
performance. However, such a comparison piobably not

) ) necessary for making the selection of a scene graph for
The implementation of a scene graph system could be undertaken,ycational purposes.

as a semester long project, or parts of it cdiddmplemented as There are several factors to consider in selecting a scene
a single assignment. Open source scene graph APIs are ofyaph API that have little to do with the design of the API (e.g.,
particular interest for this type of assignment (see section 4.3) aSp|atform, host language, and documéats. Table 1 summarizes
they allow implementation of advanced features without having to the features most likely to be relevant in making the choice.

build an entire infrastructure. , , As previously mentioned, a scene graph implementation is a

A project of ths type can require extensive knowledge of fie format, a programming API, or both. This distinction
scene graph operations, a #evel graphics API (e.g.,, OpenGL),  determines if a particular scene graph definitisnsiitable for
and significant programming experience. Consequently, this type particular educational experiences. Creating a scene in VRML is
of assignment would typically be reserved for graduate students. ot the same as creating an application in Java 3D.

The comparison attributes include those distinguishing the
execution environments for each scene graph language may
execute n which includes the operating system platform,-low
Evel support requirements, and API host language.

Assignment C: Using a Scene Graph Language

Assignment D: Implement a Scene Graph System

4.2 Assessment

Assignments A and B lend themselves teless test questions.
The assessment questions can be similar to the assignments takin
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The version number can be an indicator of stability or of the

CUNNINGHAM, S. 1999. Renventing the Introductory Computer

breadth of features present. Approach products with version Graphics Course: Providing Tools for Wider Audience,

numbers less than 1.0 with care
Related to the maturity of a product is the level of available

Proceedings of Graphics and Visualization Education 1999
July 1999.

documentation. Older products tend to have more resources, such
as tutorials and books, while newer products may have little more CUNNINGHAM, S.2000. Powers of 10: The Case for Changing the

than the specification document to work from. The level of

awailable documentation can make a difference in student success Thirty-first

(or failures).

Whether or not the source code for a scene graph APl is freely

First Course in Computer GraphicBhe Proceedings of the
Technical Symposium on Computer So@en
Education Austin, TX, March 2000, 489.

available can impact the possibilites of some programming CUNNINGHAM, S. AD BaiLEy, M. 2001. Lessons from Scene

assignments. As mentioned in Assignment D, being abidtb

Graphs: Using Scene Graphs to Teach Hierarchical Modeling,

advanced features (e.g., optimizations) to an existing scene graph Computers & Graphic2001, number 4.

API can be a reasonable assignment for upper level students.

Table 1 is not a comprehensive list of scene graph APIs and FOLEY, J. ET AL 1996. Computer Graphics: Principles and
languages nor a complete comparison of scene graph languages Practice in G 2/e, Addison Wesley.
listed. Table 1 is intended to show some scene graph options and
decision criteria. Some scene graph languages missing from thisHITCHNER, L. AND SowizRAL, H. 1999. Adapting Computer

list include OpenRM [OpenRM 2002], SSG [Baker 2002], and
X3D [Web3D 2002].

5 Conclusion

An informal search of web resourcesufml a number of

Graphics Curricula to Changes in GraphiBspceedings of
Graphics and Visualization Education 199@ly 1999.

OPENINVENTOR 2002. http://oss.sgi.com/projects/invent

OPENRM 2002. OpenRM Project Overview http://openrm.

universities making scene graph programming assignments for gorceforge.net/overview.shtm.
computer graphics students. The most common assignment

required the student to create a graphics application using Javanpgn Scene GRAPH 2002 hitp://openscenegraph.org.

3D. Unfortunately, the assignments found represent a small

fraction of computer graphics courses. Further, simply creating a opensG 2002 http://opensg.org.

scene graph does not reveal the power of this representation.

The student assignments and other information, including the pcrrorMER2002 SGHFOpenGL Performer Overvievattp:/Amww.
comparative list of scene graph choices, presented in this paper sgi.com/software/perfoer/.

shauld enable additional instructors to use scene graph material in

their courses.

SowizrAL, H., RuUsHFORTH K. AND DEERING M. 1995.The Java

The author has exercised assignments A, B, and C in 3pm™ 3p AP| SpecificationAddisonWesley.
undergraduate courses over the last two years with some success.

Students utilizing scene graphs representations for 3eseea

able to produce more complex animations with less work. The

SUN 2002 Java 3D APl home paghttp://java.sun.com/products/
javamedia/3D.

author is anxious to have graduate students so that assignment D

can be tried.
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that serves national goals, there must be an understanding imleal of interaction amongeople from southern Africa and

the educational institution that the area should have the other countries, to share information on the computer graphics
resourcesnecessaryto become a strong programmein the activities in the region, and to discuss potential collaborations
institution, and there should be a public understanding that thein research and education. [Brown 2001; Chalmers 2001] In
public will benefit from the contributions of those who study particular, a panel on education, organized by the authors of

in the field. this paper, generated a great deal of discussion that was the
primary source of the ideas we present here. By sharing their
Computer science hasecently begun to have this kind of experience, computer graphics instructors were able to see that

support in developing countries, and university programmes they had common problems and to share ideas on how they

are beginning to get improved facilities and faculties. At the might be overcome. In addition, computer graphics

University of Swaziland, for example, laboratory facilities are professionals within Africa were able to meet new people from

being rebuilt and new PCs installed, while at the University of other countries and to share their experienceNbecause there is

Botswana there are good student PC laboratories but these da significant amount of computer graphics activity within the

not have Internet access because it is very expensive and theegionNwith others.

bandwidth is very limited. Both universities have solid and

expanding faculties in computer science. In addition to sharing information at the Afrigraph conference,
the relationship between Afrigraph and both ACM SIGGRAPH

This support for computer science does not necessarily extendaind Eurographicswill help keep open the communication

to computer graphicshowever. The support for computer channels between Africa and the rest of the world. By sharing

graphics in developed countries has been built over the last 15ublications and materials from the different associations®

years from the days when scientifidsualization and other conferences, members of all theassociationswill have a
graphics applications were seen as ways to make nice picturesroader understanding of the developments around the world.
but as only marginal to the succes$ other fields, to the And by sharing personal connections, Afrigraph can help with

present day when almosll enterprisesof any importance the academic exchanges and with the visibility admputer
include computer graphics as a key part of their development.graphics activities that can help develop the skills of current
The key to this changegberceptionis the 1987 report on faculty and attract new faculty to the region.
visualization in scientific computing [McCormick 1987].

For education,the discussionsat the Afrigraph conference

But in developing countries, this support for computer provided a number of ideas. It was seen that there could be ways
graphics has not yet been achieved. More traditional to introduce students to computer graphics without needing so
economies andhe limited impact of technologically-based much mathematics that their enthusiasm was lost. Including
activities make the promise of computer graphics more such innovative ideas as learning drawing skills, students can

theoretical than real. And without this support, it is difficult to learn to see spatial relationships. By focusing on some of the
make the case for increased financial and human resources tpractical aspects of computer graphics, students canhee
develop instruction in computer graphics. Most institutions value of the subject and will develop a passion for the subject
except the largest will have only one (if any) faculty member that can carry them through later studies that are more

who teaches computer graphics, and many institutions are onlymathematical. By seeing the value of computer graphics as a
now starting their first computer science course in computer way to understand other topics, students can see that the subject
graphics. Even within education, there is a very limited use of has important contributions to other fields. It was generally

computer graphics in the instruction in other fieldsas a agreed that computer graphics studies should begin as early as

component of distance learning. possible, but could not start before the student had developed
programming skills, and that there should probably be at least

2. Approaches to improvements two undergraduate courses, one more practical and based on a

graphics API, and the next more theoretical and mathematical.
For one possible approach to this combination of courses, see
[Cunningham 2000]. There is also an interest in developing
educational opportunities in multimedia to take advantage of
the ability of computer graphics to support communication and
to assist in the teaching of other subjects.

While the challenges are significant arid many ways are
daunting, there are developments in southern Africa that have
the promise of making a very large difference in the importance
of computer graphics in the region. We belietlaat these
developmentswill allow us to see a growth of computer
graphics education and application within the next few years
that will make computer graphics a major force in the
development of the region.

In order to develop the resources needed for education, computer
graphics instructors will need to reach out to others to show the
value of our subject. We can take advantageof any joint
programs in our universities to share our knowledge with other
academic programs or other institutions, and in particular we
can help faculty from the sciences, engineering, or other areas
to address problems in their fields with our tools. When other
fields start using computer graphics in their teaching or

The most important development is the creation of the African
Association for Computer Graphics, or Afrigraghfrigraph
2001]. This association was created in 2001 with the support
of ACM SIGGRAPH and of Eurographics [Chalmers 2001], and

its goal is to serve computer graphics professionals in Africa research, it will increase the motivation of students to study

by providing a community of persons in the field, a conference . o > ;
. computer graphics and will give us a better case for increasing
where persons from Africa and persons from other parts of theOur financial and staffing support.

world can meet to exchange ideas, and a contact for two-way
sharing of information between Africa and the rest of the world

through relationships between professional associations. Beyond this, though, we have the opportunity to help make

computer graphics a key part of the developmentof our
countries and our region. It seems particularly important to use

The immediate effect of Afrigraph and of its first conference (ata?omputer graphics to help address the particular problems that

Camps Bay, near Cape Town, South Africa) was to create a gre
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will make a difference to the public and to the government,
because this will ensure that our universities will understand the
importance of computer graphics education to our national
interest. This will need the collaboration of computer graphics
with other academicfields as well as with non-academic
activities, and will stretch the already-thin computer graphics
resources, but will pay large dividends over time.

3. Conclusions

There are rich opportunities for computer graphics to
contribute to the development of southern AfricZhere is
untapped talent among students and there are dedicated faculty
who care deeply about helping students achieve success in the
field. The significant challengesof student preparation,
keeping education current with developments in the field, and
developing support for the field in the region can be met, and
the African Association for Computer Graphics will play a key
role in helping computer graphics professionals in the region
keep up with each other and with the activities of the rest of the
world. When this is combined with focused efforts to have
computer graphics contribute visibly to addressing the
problems of the region, we are very optomistic about the future
of computer graphics in southern Africand in Africa as a
whole.
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complete with a larger staff. The overall effectiveness of these
activiies will be observable after classroom testing and
assessment.

4  Conclusion

Lessons and activities designed for classroom use on the computer
can greatly increase the availability of support materials for
teachers and students. As newer technologies are developed for
authoring multimedia, these types of activities wilecome
increasingly easy and affordable to develop. The lessons that
ASPIRE has developed with Flash demonstrate this. ASPIRE has
taken steps to provide curriculum appropriate support material
that transcends traditional textbook lessons. These methdds wil
support current science education reform efforts while supporting
the curriculum standards.

The resulting activities provide many benefits for teachers and
students alike. Students can participate in a visually exciting;
engaging activity that meshesditional textbook learning with a
handson activity. Participation can lead to investigation of
subjects previously difficult to visualize or investigate. Teachers
have a greater pool of resources to pull from while developing
curriculum for the classroonBecause these lessons are digital
and online, cost is minimal or free for educators. Curriculum
support materials that are aligned with the most current standards
will provide valuable resources, both in content and cost, for
science educators and student
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assgned children to design a virtual animal and to describe how
this imaginary creature developed its characteristics to suit its
unusual habitat. The extensive work produced by the children
demonstrated how learning can become more creative when
connected tossomething meaningful and significant to the child’s
experience.

§ Storytelling and imaginative writing provided a starting
point for children to think creatively about their project.

As work progressed, their activities and encounters in the
virtual spacebegan to act as a stimulus for further writing and
storytelling in other areas of classroom activity. Teachers working
with the project noted that boys in particular, who in general
underachieve in literacy at this age (most especially in
imaginative wrilng), showed considerable improvement in their
imaginative writing skills when relating work to their virtual
world activities. Additionally, teachers have identified the
potential benefit for children learning English as a Second
Language.

§ Working togetler in the virtual world demonstrated the
potential to significantly develop children’s collaborative
and communicative skills.

Through participation in an online project, children learned to
skill share and problem solve and worked collectively to develo
a sense of joint authorship and ownership. Several children
working at one computer has its drawbacks, but there are also

§ The tools are not integrated with the ActiveWorlds
browser, which means that children lose engagement with
the focal environment that they are building.

§ The process currently involves a lengthy delay between
children making artifacts, and those objects subsequently
appearing in their 3D world. This lack of immediacy can
affect the children's enthusiasm and alsmecessarily
prolong this aspect of their VERTEX work. This delay is
partly a result of the modeling being done outside the
browser and also because technical support is required to
process the children's models and place them on the
ActiveWorlds server.

§ The professional authoring tools can be expensive. The
ability of most schools to afford them is questionable.

To address these issues, it is proposed that new tools need to
be developed. These tools should be fully integrated with the 3D
browser, allav direct construction of objects within the 3D world
and whilst having simple interfaces, have sufficient functionality
to enable children to build their worlds. There are currently no
proprietary tools available to do this. Several solutions to this
probem are currently being investigated including using
ActiveWorlds Bot technology to develop object construction
assistants and using Macromedia Director 8.5's 3D authoring
capabilities.

During the past two years the children working on VERTEX
have achievedh remarkable amount, individually and collectively,

advantages as it stimulates conversation about the task. Childrerwith the software and hardware at hand. It is their work, very

by necessity learn to cooperate. In addition, there is potemtial t
form partnerships between significantly different locations. This
presents a valuable opportunity for children to explore ideas of

often beyond our expectations, which has allowed us to plan for
the future developments and challenges of this project.

difference through sharing stories about each others lives, culturesReferences

and experiences
§ There have been strong indicators tthehildren with
Special Educational Needs can benefit from working with
virtual worlds.

All children have been highly motivated by working with

these technologies, but this has been especially noticeable among

children with learning difficulties and childn who are otherwise
undermotivated or disruptive. This can be attributed to a ehild
centered approach that involves small group work, but also to the
gamelike quality of virtual worlds, which engages children
playfully and encourages them to keep tgyiwhere they may
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otherwise give up. Teachers have noted a significant increase in

the confidence and sedfsteem of some children and their
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5 Conclusions

Narrative and Collaboration in a Virtual Learning Environment.
In Proceedings of ACM SIGGRAPH 19@8mputer Graphics
Volume 31 No.3 pp. 6263.

Although there have been many positive outcomes so far, thereVyGcoTsky, L. S. 1978.Mind in Society: The development of

are still a number of areas in relation to technical implementation
that need further investigation and adaptation. Currently, the
means by which children build their avatars and abjedhrough

higher psychological processe€ambridge, Mass: Harvard
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the use of professional authoring tools such as 3D Studio Max and
Adobe Photoshop. Whereas there are learning benefits from using

such software, there are also several problems:

§ There is a considerable time and eekbth for the
children in becoming competent with these complex tools
and also for the educators in teaching the relevant skills,
once they themselves have acquired them.
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