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1. INTRODUCTION

Three years after the launch of the Digital Library Initiative (DLI) and as the initial
period of funding draws to a close, this workshop was convened to consider the next step
in this vein of research. The very broad title of the workshop, "Distributed Knowledge
Work Environments," was deliberately chosen to encourage thinking that would
transcend current notions of digital libraries. The consensus after the workshop was,
however, that the phrase "digital library" did not overly constrain another round of
advanced initiatives and that the phrase "distributed knowledge work environments" was
unnecessarily broad. It was noted, however, that the concept of a "digital library" is not
merely equivalent to a digitized collection with information management tools. It is
rather an environment to bring together collections, services, and people in support of the
full life cycle of creation, dissemination, use, and preservation of data, information, and
knowledge. The challenges and opportunities that motivate an advanced digital library
research initiative are associated with this broad view of digital library environment.
Additional digital library research will also both exploit and help motivate investments in
advanced networking and high-end computation.

The participants included representatives of the initial DLI projects, representatives of the
DLI funding agencies (NSF, DARPA, NASA), and representatives of various bodies both
public and private involved in similar activities and/or for whom the work in progress
offers considerable promise in dealing with the mounting problems of collecting,
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archiving, processing, and presenting digital data. (For a list of participants, see Appendix
A)

With the spread of the Internet worldwide, and the large-scale adoption of the World
Wide Web as an environment for publishing and sharing, our society has stretched its
vision of the reality of the anytime, anyplace, any format digital information world. We
now more widely realize both the potential and the shortcomings of the Web, and the
importance of improving the utility, effectiveness, performance, scalability and
sustainability of current and future digital services and collections. Although the Web
provides access to millions of sites, it can obscure quality, genre, and source of
information.

Previous private and government investments in initiatives on scientific databases,
collaboratories, and digital libraries has advanced the state of the art as well as education
in these areas. It has helped the United States build upon its earlier lead in electronic
publishing and information access technologies, and provided glimpses of how research,
learning, government and commercial activities can become more competitive in a world
entering the Information Age. Large and important sectors of the United States economy
depend upon efficient support of knowledge workers, and large-scale funding of digital
library projects in Australia, Japan, Singapore, Korea, United Kingdom, and Europe
provide opportunities for joint ventures as well as encouragement for further United
States initiatives.

Work on digital libraries aims to help with generating, sharing and using knowledge. It
aims to improve practices of communities so they are more effective, efficient,
productive and maximize the benefits of collaboration. It seeks to extend the content and
utility of digital libraries to aid existing communities and to facilitate the emergence of
new communities of discourse, research, and learning. Communities in this case are
defined on multiple dimensions: geography, common interests, values, needs, culture,
language, goals, etc.

The workshop quickly revealed a strong, widely shared sense of the progress that has
been made in understanding the primary digital library issues over the last three years and
of the direction that future work might take. This report sets out to map that direction in
broad terms, noting first the promise that participants saw in digital library research
(section 2). It then goes on to discuss the central issues around which it seemed
particularly important to frame future research in order to fulfill this promise (section 3).
It presents this framework under the headings "System-Centered Issues," "Collection-
Centered Issues," and "User-Centered Issues." (No priority is implied in this order.) It
next turns to consider various interested groups with whom it seemed likely that
partnerships would prove synergistic (section 4). Some of these are public institutions
and some private. The report then reflects the many discussions held about the structure
of future research, including questions of size and duration of projects (section 5).
Finally, it offers some conclusions drawn at the workshop.



The participants of the workshop represented different interests and came from a range of
distinct academic disciplines and sectors of society. At the workshop they divided into
four heterogeneous breakout groups that worked together for two days and then reported
back in a plenary session. (For the participants in each group, see Appendix B)

Given the diversity of participants, there were, inevitably, diverging views. It would be
misleading, then, for this report to suggest that there was simple unanimity. There was
not. For example, some favored research in high-end systems with specialized testbeds,
others championed a more populace approach; some took a tool-centered view, others
were more system- or user-oriented. Few, though, argued that any of these views were
mutually exclusive. Indeed, most argued for future initiatives that should embrace them
all. The four working groups created basically the same set of research issues and
programmatic features but with different emphasis. Thus, at a high level, this report is
genuinely a community consensus.

Over all, there was remarkable agreement on both the need for a complementary research
program and the general direction it should take. Indeed, when participants in a
concluding session were asked what they had heard that had surprised or discomfited
them in the reports from groups in which they had not participated, there was little to
report.

Return to Section Index

2. PROMISE

Dan Atkins of the University of Michigan opened the workshop by laying out the "vision
space" created by the convergence of technological and social forces. He with Y.T. Chien
and John Cherniavsky of NSF depicted a future of converging platforms, converging
institutions, and converging media coupled with diverging possibilities and uses for
digital libraries. Part of this future could be understood by extrapolation from present
practice and technologies, Atkins argued, but much would require more radical insight,
innovation, and transformation.

The participants responded to this plea for creative thinking with a variety of pictures of
possible futures. The goal of creating large scale, ubiquitously accessible, fully
integrated, user-centered digital libraries to support both learning and knowledge work
was widely supported. Here, in particular, the value of digital library research for
education, research, and commerce was especially clear.

Among the specific challenges researchers set themselves were:

e How do we employ digital libraries to improve the conduct of science?
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e How do we employ digital libraries to improve education, to create the
information-centered high school, university, or learning organization?

o How do we employ digital libraries to improve the conduct of business?

o How do digital libraries change the nature and services of public institutions?

e How can we employ digital libraries to help preserve our culture heritage?

Digital library research, it was argued, should provide users with toolkits to overcome the
risk of an information surfeit, allowing people to navigate, to make sense, and to use
productively increasingly rich and heterogeneous data sources. Overall, the goal of
supporting analysis and discovery in the emerging information space was seen as a
crucial promise.

Others pointed to the potential of transnational and multilingual databases to promote
intercultural and international harmony. The pursuit of technical, semantic, and linguistic
interoperability was presented as viable and particularly important. Several people noted
that we should avoid an English language only approach.

In general terms, some of the visionary goals that would be made possible through the
"coevolution of high performance computing and communication and digital libraries"
might include systems that could support "collocation" and "collaboratories." These
should be extensional, compositional, high-capability environments that seamlessly
interconnect people and knowledge. Digital libraries should, for example, become part of
the infrastructure supporting scientific analysis of collections of data. The ability to
analyze terabytes of data will require supercomputer performance and scientific
applications in turn will need access to digital libraries as a mechanism for organizing
and publishing observations and simulations.

High performance digital libraries might support a "unified field theory" of knowledge
representation that could help capture and make usable everyday experience and present,
summarize, and visualize data from dynamic sources. And through all this, the necessity
for digital library research for facilitating collection, preservation, and long-term access
(physical and intellectual access) to digital artifacts was revisited.

The goal is supporting people to find appropriate, timely, trusted information from the
exploding number of digital collections offered by individuals and organizations.
Furthermore we reminded ourselves often that as information becomes more plentiful,
human attention is becoming scarcer. Put more simply, it was suggested that the goal was
simply to use computer/communication technology which is fueling information overload
to reverse it, and simultaneously, eliminate unintended information depletion.
Customizable individual and organizational tools capable of integrating documents,
searching archives, and filtering data from repositories anywhere in the world would need
to be prepared for desktop use by ordinary users.

In the near term, the digital library initiatives are directed toward scientific research and
education. Longer term, the knowledge and technology realized through the initiatives



will apply to a very wide array of globallly connected research, learning, and commerce
activities. Examples of the promise mentioned at the workshop are:

e Global Integrated Geographical-Social data--publicly accessible databases
containing worldwide geographic and demographic data

o High-Energy Physics Collaboration -- to suggest distance-independent, large-team
experiments in high-energy physics using international facilities, such as the
CERN super collider

e Cultural Memory Archives--multimedia and multimodal collections and
presentations of cultural data for educational purposes

e World Culture Databases --media to support crosslingual explorations and
comparisons of cultural artifacts such as novels or movies

e Science and Technology History--systems to make available the history of science
and technology and to allow the simulation of classic experiments

e Consumer Health Informatics -- interactive digital libraries of traditional and new
media to support tailoring and customizing of information to help people in both
prevention and treatment of medical problems.

The purpose of a digital library initiative is to develop understanding and technology to a
point where projects such as the above would be feasible.

Return to Section Index

3. ISSUES

If they differed on specifics, all agreed that the promise of digital libraries was both
immense and crucially important to the national interest. They also agreed that there was
a great deal of work to be done to fulfill the promise and that digital libraries research
requires experimental systems with real collections and real users. Many noted that
research will have to deal with the complex problem of balancing present demands and
future goals.

Attempting to prompt thought on these issues, the initial plenary session included
presentations by Bill Arms (CNRI) and Ron Larsen (DARPA), attempting to move
beyond conventional assumptions. Christine Borgman (UCLA) raised user-centered
issues while Margaret Hedstrom (University of Michigan) spoke on the importance of
long-term access to collections.

At its most general, the problem faced is one of managing complexity--the complexity of
systems, of resources, and of users. Digital libraries must work with a highly diverse
range of collections of digital objects, assembled on different principles by numerous
contributors and continuously changing as more content and value are added to them.
Equally, they must work with users who will be as diverse as society itself, with ever-
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changing needs and expectations, while breaking down conventional distinctions around
which existing collections were shaped--such as expert/novice or provider/user. They
must be useful to different communities for different purposes, at different times

Some participants schematically grouped issues into three areas, each with its own
particular tensions and problems. This report lays out the three separately here. It is
important to note, however, first, that most saw these as interdependent, not independent,
aspects of digital libraries research, and, second, that views diverged over where
emphasis and concentration should best fall.

3.1 System-Centered Issues

Work from the original DLI coupled with the simultaneous impact of the World Wide
Web have brought into focus the system-centered issues that will need intensive study for
systems, as one participant put it, "to provide the connective tissue to bring users and
collections together." Research will continue to address system architectures and their
functional components, addressing issues of scale, interoperability, extensibility,
federation, and composability.

3.1.1 Scalability

The information infrastructure has scaled up dramatically and, driven by Moore's law,
continues to obey a power law for growth in capacity and an inverse power law for cost.
Yet, as one participant put it, the real problem is that "We don't know yet how to use the
Internet productivity and effectively." This presents digital libraries with the challenge of
applying increasing computational capacity and bandwidth to manage terabytes of
information that need to be accessible in full, yet be reducible to usable, human scale.

These will require a scalable, open architecture that is

e dynamic, flexible, networked, and federated,

e user responsive at the level of individual, group, and institution, and

o capable of adapting large, amorphous, continually growing bodies of data to user-
defined structure and scale

3.1.2 Interoperability

These unlimited resources will inevitably comprise multiple data sources, heterogeneous
objects, and multiple schemas federated on a global scale. Moreover, they will be built on
and consulted through diverse platforms by equally diverse and distributed users. Top-
level issues here include issues of cross-domain, seamless federation that allows:

e system interoperability and extensibility,
e syntactic interoperability,
e semantic interoperability,
o linguistic interoperability,



e temporal interoperability, and
o integration of diversity of hardware and software.

It was noted in several ways that the design of a digital library should not be posed as
physical vs. digital objects (atoms vs. bits) but rather as co-existence and interoperability
between the two. Emerging digital repositories will co-exist with more traditional
libraries for an indefinite period. In addition, users of digital repositories will be
converting digital documents to paper documents (i.e., printing and faxing them), as well
as converting paper documents to digital ones (i.e., performing scanning and document
recognition). Facilitating the transparent interoperation of paper and digital documents
poses technical and social challenges.

3.1.3 Adaptability and Durability

Few of the huge number of collections a digital library will bring together will be static.
Most will grow as the platform, the collections, and the users themselves develop and
grow. Such changes will need adaptable, dynamic, flexible systems able to deal with
interactive use. Issues here include

e text, image, and sound representation,

e variable data presentation and manipulation,

e dynamic information structuring,

» information identification and extraction based on various document-structuring
principles, such as, for example, genres or provenance,

o analyzing and correlating objects across extended interactive digital library
sessions,

o development of personalizable user interfaces that learn the user's preferences and
provide different behavior in different contexts and,

e legacy systems and the safe migration of content and context to new platforms.

Across these adaptations, digital libraries will face the challenge of preserving and
presenting context as a key way to provide structure to unstructured data. Doing so will
call for a better understanding and deployment of:

e metadata,

e standards,

e provenance (origin/source),

o issues developing from the Dublin Core, the Warwick accords and the CPA/RLG
task force on Internet preservation.

Furthermore, multimedia and multimodal databases will present new challenges as users
look beyond simple key word and Boolean text search for means to explore not just text
but images, video, or music as well. Will we, one participant asked, be able to search by
singing or by sketching as easily as by typing?

Around these issues, developing research will encounter issues of



o multilevel semantic abstraction, and
o multimedia summarization

3.1.4 Support for Collaboration

As mentioned earlier, the stretched vision of an advanced library supports the full cycle
of knowledge creation and use by individuals, teams, organizations, and communities.
Special attention should be given to digital libraries which support collaboration in all
four variations of same and different, time and place.

3.2 Collection-Centered Issues

A second initiative, many thought, would benefit from more symbiotic partnerships
between systems developers and existing collections. This would bring to light a number
of the issues faced by collection holders, including

e representation of nondigital objects in digital form,

e schematic unity of evolving collections developed by many hands in many ways,

e intraoperability of internally hybrid collections,

e structuring, indexing, and metadata provision for collections in the face of
unspecified and changing use,

o autonomy of individual collections faced with the requirements of semantic
constancy and metadata standards across federated collections,

o gathering, validating, and authorizing data from new sources,

o security and integrity of collections opened to unmonitored users,

e developing new economic and business models to correspond to the new media
and emerging issues of intellectual property and rights management,

o making large digital collections possible by reducing the digital object creation
cost(which is dominated by classifying not by scanning), and

e preserving collections built or stored on transient platforms (and preserving the
platforms themselves in their own right).

One of the most energetically discussed questions at the conference involved issues of
archiving. Preservation has, of course, been one of the major contributions of
conventional libraries and will remain one for digital libraries. It was felt that more
interaction between the digital library research and investigations into long-term digital
preservation would be particularly fruitful. In the past, preservation has mostly been
addressed in practical ways and has reflected the need to rescue digital data from
imminent destruction rather than to consider its long-term viability from the start.
Discussion of a more principled approach returned the workshop again to issues of
standards, metadata, and interoperability.



3.3 User-Centered Issues

Research in digital libraries must always be motivated by the information needs of
people. On-line information is breaking down the traditional separation between author,
designer, publisher, librarian, user, archivist, etc. (And one person in his time plays many
parts.) The rapid growth of on-line information has created a new set of research
challenges that can be described as "human centered research". Although many of the
achievements of the current DLI have been user centered, a new digital library initiative,
many thought, would benefit by being even more responsive to users and use.

At the conference, there was considerable discussion about the question of information
selectivity. How can all the information in the world be distilled into the small quantity
most relevant to a specific individual? One approach to this question is to take digital
library collections as they are and devise enhanced methods for exploring, searching,
filtering, and so forth. Another approach is to consider the construction and use of
collections together. Within this general theme, some of the issues raised were:

o allowing use to shape design of new ways to create, manage, discover, and
manipulate information,

e designing for both novice and expert users engaged in both low-end and high-end
and general and specific use (this range of accommodation includes both
designing a given digital library for multiple users and anticipating use and user
requirements as a design principle),

o breaking down barriers to experts and expertise and between novices and experts,

e continuation of the blurring distinction between providers and consumers of
information,

e bringing specialized collections and tools to broader publics,

e enabling users to tailor collections to their own needs and interests,

e supporting the needs of new knowledge professionals,

o responding to interactive use by learning and adaptation,

o understanding the commonalities and distinctions between users and user-
directed, semi-autonomous digital agents (sometimes the user of a digital library
is a person interacting through a computer, sometimes a computer program acting
without direct human control; both have similarities and differences),

e developing multilingual, multiscriptural, and multicultural interfaces so that
language and culture are not barriers to entry to the world-wide information
infrastructure,

o providing toolkits or suites of tools that allow users to explore, use, and add value
to collections,

e building of trust and maintenance of privacy, and

e designing user studies to address the variance not only between heterogeneous
populations but within users as they develop and become more sophisticated; the
user, one person noted, fulfills multiple roles in a conventional library, including,
"learner, reader, author, annotator, editor, reviewer, and validator." He or she may
play even more roles in digital libraries.



Continuing digital library work, many thought, should be responsive to the overlapping
but distinct needs of individuals, communities, and institutions. It would face the
challenge of simultaneously augmenting privacy and trust while underwriting seamless
collaboration and collaboratories.

3.4 Comparison of current DLI to possible future program

Steve Griffin of NSF presented some desirable distinctions between the current DLI and
future programs. DLI, he noted had involved

e broad technical agendas

e experimental, technology testbeds

e modest support for content & collections

e narrowly circumscribed context of evaluation
o few user/usage studies

He suggested that future initiatives should, by contrast have

o refined technical agendas

o real-world testbeds emphasizing interoperability and integration

e increased support for content and collections

e operational systems containing collections of value to domain applications
e broad, multidimensional contexts of evaluation

e user/usage-oriented focus

Some participants further stressed the need for more emphasis on the applications of
digital libraries in order to build user support for digital libraries, to deliver value to
teachers and scholars in different contexts, to link up with the commercial publishing
world, and to focus research in the most valuable directions.

Return to Section Index

4. STRATEGIC PARTNERSHIPS

In the plenary session on the first day of the workshop, Y.T. Chien of the NSF stressed
the importance of strategic partnership--private, public, and international--to give synergy
to digital library research. In order to build and deploy information and knowledge work
environments, it was pointed out, coinvestment is required.

Partners will help share the cost of research in a variety of ways. Some will provide
funding; others may bring their own expertise as an in-kind contribution. And yet others
may bring existing collections, authentic users, and a valuable understanding of real-
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world problems to the table. As one put it, there should be "diverse ways of
participating."

All natural types of collaborations and cofunding opportunities should be encouraged to
meet research objectives. Some problems, like solving multilingual and multicultural
access challenges, by their nature suggest certain types of collaboration (e.g., with
initiatives in Europe or Asia). Some types of collections (e.g., images, space data,
geographic information) suggest involvement of NASA, European Space Agency,
National Agricultural Library or others. Some private foundations may help fund and
encourage subjects beyond the traditional science/engineering (e.g. arts and humanities to
do digital library research). Other foundations might invest in the exploration of digital
libraries in education of youth as well as life-long learning of adults. summary, cofunding
to meet research objectives and increase leveraging of federal dollars is highly desirable.

At the workshop, several possible partners were represented, these included

e Defense Advanced Research Projects Agency (DARPA)
o National Aeronautics and Space Administration (NASA)
e National Science Foundation (NSF)

o National Institutes of Health (NIH)

e J. Paul Getty Trust

e The Library of Congress

4.1 Co-investment Partners

Among those agencies potentially interested in joint-agency initiatives and sharing the
costs of research with the NSF and participating institutions, people suggested DARPA
and NASA (which had both been involved in DLI), and NIH. It was also hoped that
private foundations might be willing to participate, especially in socially relevant
application domains.

4.2 Research Partners and Other Potential Funders

Participants also suggested agencies and institutions with collections of their own that
might be interested in partnering research centers in continuing research. These included:

4.2.1 In the Public Sector

o National Institutes of Health (including the National Library of Medicine and the
National Cancer Institute)

e Library of Congress

e Department of Education

e Environmental Protection Agency

e Department of Commerce (including NIST, Geological Survey, Census Bureau)

o National Imagery Mapping Agency

e National Endowment for the Humanities (NEH)



o National Agricultural Library

e National Archives and Records Administration
¢ Smithsonian Institution

e State Archives

o State and Municipal Librarians

4.2.2 In the Private Sector

e Getty Information Institute

e Andrew W. Mellon Foundation

e W.K. Kellogg Foundations

e Other private museums and archives

e Private and business archives

o Private and corporate research centers

e Non-governmental organizations (NGOs) and nonprofit agencies

4.2.3 Overseas

e E-Lib in the United Kingdom

e European Union Research Directorate: DG Programs 3 and 13 (ESPRIT,
Telematics, and ACT [communication])

o European Space Agency

e NDIS in Australia

e ERCIM - a European consortium of research centers in information and
mathematics

e Other digital library projects in Japan, Korea, and Singapore

e Possible G7 involvement in international initiatives

4.3 Multidisciplinary Participation

It was clearly recognized that research will need cooperation among many fields. These
would include

o anthropology

e communications studies

e computer science and engineering
e design

e economics

e human factors

e information and library science

e law

e psychology

e sociology.



Return to Section Index

5. STRUCTURE OF RESEARCH INITIATIVES

Bruce Schatz of the University of Illinois introduced the discussion of structure of digital
library initiatives at the plenary session. He suggested a pyramid of activities whose costs
are shared among partners. A central aim should be to leverage funds and communities
with a series of projects designed to draw on existing knowledge bases to produce a high
return for low cost.

5.1 Diversified Portfolio

There was general agreement over the days of the workshop that any new initiative
should be structured to encompass a "diversified portfolio" of research, embracing small
and large, highly specific and highly general research trajectories. These would call for
strategically structured funding initiatives involving cooperative agreements and grants
with the various partners suggested in the previous section.

There was widespread agreement that to pursue the full range of research questions
embraced by the digital library, small projects working in tandem with larger ones would
be particularly efficacious. These could produce diversity without duplication and
coordination without stifling of initiative. Both will be needed to pursue the different
kinds of interoperability. Such a structure would also allow several projects to work
around a particular testbed, allowing the digital collection to coordinate the research
community (much as text collections have done in the past). It was generally agreed that
one of the beneficial outcomes of the first initiative and related efforts is a cooperative
community of digital library researchers and that a new initiative should seek to foster a
similar but larger community.

Instead of the handful of projects of the first initiative, many proposed these alliances as a
way to increase the number of projects by one or even two orders of magnitude without
having a similar effect on cost. It was also suggested that different projects be organized
with different periodicity to provide successive waves of research, building on
antecedents, within the overall funding cycle.

5.2 Type

It was suggested that such projects be selected with a mix of the following attributes

research projects--projects to engage in new research directions that will not likely be
addressed by industry or routine implementation projects.

testbed projects--building environments to support, focus, and inform research work, and
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clearinghouse projects--to gather and disseminate existing research, testbeds and tools.
5.3 Cost

It was suggested that projects could be funded for as little as $100,000 per year to as
much as $5,000,000.

5.4 Contracts

It was suggested that funding should be as much through cooperative agreements as
through direct grants.

5.5 Leveraging
Sponsor funding of DLI has been leveraged in the ratio 1:1 to 2:1 ($2 of matching by
cash or in kind per $1 of Federal support) depending on the particular project. Similar or

higher levels should be pursued on future projects:

- Testbed projects should be highly leveraged because of prior work and the potential
support of commercial interests.

- Clearinghouse projects can be highly leveraged if ties are made to other clearinghouse
or repository projects.

- Research projects must be highly leveraged because of their cost and because their
success depends on partnerships.

5.6 Duration

Projects might run for from two to five years. The former might be adequate for small
projects. Larger projects would need the longer time to deliver robust results.

Return to Section Index

6. CONCLUSIONS

Return to Section Index
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Nora Sabelli (NSF/EHR), nsabelli@nsf.gov

Bruce Schatz (Univ of Illinois), schatz@csl.ncsa.uiuc.edu,
http://dli.grainger.uiuc.edu/bruce.htm

Sugimoto Shigeo (ULIS, Japan), sugimoto@ulis.ac.jp

John Silva (DARPA), koatneal@snap.org

Terence Smith (UC-Santa Barbara), smithtr@cs.ucsb.edu,
http://ncgia.ucsb.edu/research/ucgis/faculty/tsmith.html

Howard Wactlar (Carnegie Mellon University), wactlar@cs.cmu.edu
Robert Wilensky (UC - Berkeley), wilensky(@cs.berkeley.edu,
http://HTTP.CS.Berkeley. EDU/~wilensky/

Roy Williams (San Diego Supercomputer Center), roy(@cacr.caltech.edu
Maria Zemankova (NSF/CISE/IRIS), mzemanko@nsf.gov

B: Working Groups

Group 1 Co-Leaders: Bruce Schatz and Mike Lesk

Bruce Schatz (University of Illinois)

Bob Anderson, (Rank XEROX Research Centre)
Laura Campbell (Library of Congress)

Kevin Guthrie (JSTOR)

Mark Leon (NASA-Ames)

Michael Lesk (Bellcore)

Susan Hubbard (NCI/NIH)

Lillian Cassel (NSF/EHR)

Group 2 Co-Leaders: Bill Arms and Christine Borgman

William Arms, (CNRI)

Christine Borgman (UCLA)

Judith Klavans (Columbia University)

Larry Lessig (University of Chicago)

Reagan Moore, (San Diego Supercomputing Center)
Howard Wactlar (Carnegie Mellon)

Darlene Fisher (NSF/CISE/NCRI)

Ron Larsen (DARPA)

Group 3 Co-Leaders: Ed Fox and Jim Hollan

Jim Hollan (University of New Mexico)



Joseph Busch (Getty Information Institute)
Edward Fox (Virginia Tech)

Margaret Hedstrom (University of Michigan)
Sugimoto Shigeo (ULIS, Japan)

Terence Smith (UC-Santa Barbara)

Roy Williams (San Diego Supercomputer Center)
Nora Sabelli (NSF/EHR)

Maria Zemankova (NSF/CISE/IRIS)

Group 4 Co-Leaders: Hector Garcia-Molina and Robert Wilensky

Hector Garcia-Molina (Stanford University)
Robert Wilensky (UC - Berkeley)

Rob Kling (Indiana University)

Cliff Lynch (University of California)

Jeff MacKie-Mason (University of Michigan)
Christos Nicolau (ERCIM)

Ted Biggerstaff (Microsoft)

John Silva (DARPA)

Roamer Participants:

Dan Atkins (University of Michigan)

Paul Duguid (Xerox PARC, UC Berkeley)
Steve Griffin (NSF/CISE/IRIS)

Amy Friedlander (CNRI)

John Cherniavsky (NSF/CISE/CDA)

Y.T. Chien (NSF/CISE/IRIS)

Eugene Miya (NASA)

Return to Section Index

Workshop background and source material.

Please forward any comments to Daniel Atkins (atkins@umich.edu).


http://www.si.umich.edu/SantaFe/report.html
http://www.si.umich.edu/SFworkshop/workshop.html

