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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Henry E. Brady, Professor of Political Science and Public Policy, Director of the
Survey Research Center and UC DATA, University of California, Berkeley

There are many problems confronting efforts to preserve and manage scientific data in digital
form including making decisions about what to keep, developing plans for discarding data
when it is no longer useful, providing adequate meta-data, ensuring long term preservation
given frequent changes in media and software, and finding and training staff to do these tasks.
I will focus, however, on three problems that are especially pertinent to the social sciences.

Linkage of Data Sets. The social sciences are benefiting enormously from the easy availability
of large-scale, computerized datasets such as vital statistics, census data, employment records,
educational data, welfare and social security records, voting data, medical records, commuting
and transportation data, and many other kinds of information. These datasets are even more
useful when they can be easily linked together to study events or transitions such as the
transition from welfare to work, from illness to a job, from school to citizen, from prison to
everyday life, or from home to work. Coding of geographic, contextual, genetic, environmental,
and other information can make these data even more valuable for understanding the impact
of neighborhoods, institutions, physical distance, individual characteristics, and other factors.
Yet these data come in many different forms (different types of databases, different units of
observation, and various levels of reliability), and linking them poses significant challenges. If
data libraries are to be truly useful for social sciences, they must provide users with the software
tools to link these very-large and unwieldy data-sets easily, reproducibly, and reliably.

Confidentiality. Although the availability and the linkage of social science data provide
tremendous opportunities for answering important social science questions, they also
exponentially increase the dangers of disclosing personal information through the possibility
of identifying individuals — even though social science researchers are almost always interested
in general statements about behavior and almost never interested in individuals. The problem
of confidentiality has increased the requirements for Human Subject Reviews, decreased the
availability of many kinds of data, and made linkage especially suspect. A number of technical
and institutional methods are being developed to deal with these problems, but we are still far
from having generally accepted approaches to them. Moreover, although confidentiality has
been an especially difficult problem for the social sciences, it is increasingly a problem for the
medical, environmental, and even the geo-sciences.

Institutional Models. One answer to the problems of linkage and confidentiality is to develop
better institutional models that provide ways that researchers can have access to data in ways
that protect individuals while allowing for extensive data linkage. One example is the Census
Research Data Centers which allow researchers to access non-public Census data under rigidly
controlled conditions. This model, however, only allows for access on a case-by-case basis,
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and it does not currently allow for long-term access to data. Institutions are also important
for a larger reason: At the moment, we have nothing comparable to the “University Library”
which has historically made rational acquisitions through “collection specialists” working
with researchers, developed meta-data through classification and indexing, and paid for the
development of documentation and the preservation of information. Thus, researchers with
data typically do not have any place to go on the University campus, and even if there is an
institution concerned with digital social science data, it is typically woefully under-funded and
unable to help the researcher archive and preserve data. Some libraries and some computer
centers have begun to take up these challenges, but each has other responsibilities and agendas
which impede their efforts.

7
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Suzanne Carbotte, Program Director, Marine Geoscience Data System, Lamont-
Doherty Earth Observatory, Columbia University

How do we ensure the engagement of data producers at various stages in the data life cycle.
To develop comprehensive digital data resources of maximum use to the research and education
community requires the active involvement and engagement of individual scientists who are
essential data producers throughout the data life cycle. A diverse range of individual scientists
may be involved at various stages throughout the data lifecycle as field data are processed,
reprocessed for new applications, integrated into data syntheses, and higher level derived data
products are developed. It must be easy (transparent?) for scientists to document and contribute
their data products, scientists need to have their contributions adequately protected and
acknowledged, and new rewards for contribution are needed.

Inadequate enforcement of data policies. New governance structures for enforcement of
data policies are needed. In some realms of scientific research, existing NSF data policies
have been difficult to enforce, partly because appropriate digital data repositories have not
existed, but also because mechanisms to document compliance are not in place. Another
aspect of the problem is that the scientist may be the only one who knows of the existence of
data and compliance of the individual scientist with a data policy must be based on trust and
commitment to data preservation as part of the scientific process.

Inadequate incentives for scientist participation in data preservation. New incentives for
scientists to contribute to data collections go hand in hand with the need to fully engage data
producers in the data preservation process and the need for new structures for enforcing

data policies. We need to change how we reward and credit scientists for data contribution.
Contribution to databases needs to be part of the publication process, and we need a new
system of professional recognition that acknowledges the value of data production and
contribution to data collections. New partnerships with the academic journals will be needed to
develop policies for publication, which include linking publications to digital data resources.

How do we ensure the long-term security of digital data collections in an uncertain funding
climate? New scenarios and partnerships to ensure long-term funding are essential for both the
development and security of digital data collections. To adequately manage and preserve the
complex heterogeneous data that are produced in an increasingly multidisciplinary research
environment requires data managers with a high level of expertise in both the domain sciences
as well as information technology. Such people are difficult to find and keep in an uncertain
and short term funding climate.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Format

Comments by Dr. Robert S. Chen, Interim Director, CIESIN at Columbia University; Manager
of the NASA Socioeconomic Data and Applications Center (SEDAC); and Secretary General,
Committee on Data for Science and Technology (CODATA) of the International Council for
Science (ICSU)

Digital Rights Management. Clarification of rights to archive, use, and disseminate data

and any applicable restrictions is essential to long-term data curation, and would be greatly
facilitated by digital standards and technologies that permit data sources and users to quickly
and easily specify and understand rights and restrictions in ways that meet their needs and
concerns. This has been a key element in the success of the Creative Commons and needs active
support in the realm of scientific data and information. Key issues that need to be addressed
include protection of confidentiality, limitations on liability of data sources, use of data for
humanitarian purposes, and definitions of appropriate uses (e.g., private sector vs. public sector
research).

New Institutional Partnerships. A range of new partnerships is needed across disciplines,
within and between universities, between sponsors and data managers, across the public

and private sectors, and with the broader scientific community to establish appropriate and
sustainable long-term data management structures covering all or most of science. Is a mix of
disciplinary, cross-disciplinary, and institutional repositories going to evolve that can provide
sustainable data curation and management in most fields? Can we identify gaps and find ways
to fill them? Are there contingency plans when a particular institutional arrangement for a
particular field encounters problems with sustainability? Are there ways to involve the private
sector and/ or the open source community in these arrangements to help infuse interoperable
technologies and reduce costs without risking long-term sustainability or access? Should
existing consortia, e.g., of universities, of libraries, or disciplinary data centers, be asked to take
on long-term curation responsibilities or are new ones needed?

Science Education and Community Outreach. Many scientists continue to use traditional
approaches to data, i.e., developing custom datasets for their own use with little attention

to long-term reuse, dissemination, and curation. Although there has been considerable
progress in data stewardship for “big science” projects, even modest collaborative projects are
inconsistent in their attention to data management and few individual scientists think beyond
posting selected results and data on the Internet or submitting a final data product to a data
archive if required to do so. Changing this sort of behavior will require a range of efforts,
including investment in approaches to make data documentation, sharing, and preservation
easier, establishment of an infrastructure to accept and assume responsibility for data (e.g., a
local university depository or a disciplinary data center), and, perhaps most important of all,
concerted efforts to educate current and future scientists to adopt better practices.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Sayeed Choudhury, Associate Director for Library Digital Programs, Johns
Hopkins University; Robert Hanisch, Senior Scientist, Space Telescope Science Institute; and
Alex Szalay, Alumni Centennial Professor, Department of Physics and Astronomy, Johns
Hopkins University

The National Science Foundation’s Cyberinfrastructure Vision for 21st Century Discovery
describes a broad-based effort that is transforming the manner in which scientists, social
scientists and engineers (and perhaps even the humanists) conduct research, teach and

learn, and disseminate their research findings and publications. Projects such as the Virtual
Observatory (VO) provide ample evidence of data-driven scholarship, which offers both
challenges and opportunities for academic research libraries, especially in the realm of data
curation. Even with ambitious new efforts to create large corpora of digitized text such as
Google Book Search or the Open Content Alliance, libraries still represent a core element of the
preservation picture.

Given the scale and complexity of even a single cyberinfrastructure-based project such as the
VO, it is not reasonable to assume that a single library or organization can manage the entire
range of data curation needs. Rather, libraries must find ways to work together with an array of
organizations such as other libraries, supercomputing centers, museums, archives, publishers,
and corporations. For different stages and applications of data, various organizations will

need to identify appropriate roles and develop systems that interface—technically and
organizationally—with a range of partner institutions. Such a complex array of relationships
and technological infrastructure may benefit from examination and leadership from the highest
levels of the academic and corporate community. However, at this stage, there are major
research and development questions that remain unaddressed. In this current environment,

it’s essential to develop prototype systems that demonstrate both technical and organizational
infrastructure to support data curation. These prototype development efforts will help us better
understand appropriate technologies, potential costs, and organizational relationships that will
be necessary to support cyberinfrastructure-based projects and programs.

At Johns Hopkins University, we are working with a network of libraries, publishers, scholarly
societies, and corporate partners to develop a repository-based system that will support an
end-to-end process for capturing, curating, preserving, and providing access for the long term
to derived data that is cited in electronic publications. We are prototyping such a process and
system. Our goals include assessing the scientific impact of this new approach to astronomical
data, as well as working out sustainable business models for increasing the value of data in
this way. Our prototype phase focuses on astronomy because of the technological maturity of
electronic publications and data management in this discipline, and because of the wide access
to digital data archives, and the unique, established relationship between the astronomers and
libraries at Johns Hopkins University.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Paul Constantine, Associate Dean for Research and Instructional Services,
University of Washington Libraries

Within the context of New Partnerships here are what I see as key issues facing us.

Long-term Preservation

Appraisal

o There is simply too much data to preserve everything over the long term; we need to devise
ways to determine exactly what data is worthy of long-term preservation.

o Can we develop an understanding of how data might be re-purposed in ways totally
unpredicted by its original creator/gatherer/researcher?

o What legal/ethical constraints encourage or discourage the long-term preservation of
particular datasets?

Management

Who is best positioned to manage long term preservation?

o Scientists are often ready to move onto to their next project and don’t necessarily see the
value/need or have the resources to preserve their data over time.

o Data sitting on a scholar’s computer are not easily accessible to other researchers wishing to
use and /or repurpose it.

o Campus Computer Centers are not always funded or equipped to preserve data for the
long-term.

o Neither researchers nor computer centers are especially used to creating metadata schema
and assigning metadata in ways to make datasets more easily discoverable.

o Libraries, while skilled at creating metadata schema and assigning metadata in ways to
make datasets more easily discoverable, are generally not funded or equipped to preserve
digital data for the long-term.

Curation of Scientific Data in Digital Form

I see curation in many ways as the overall “thing.” Long-term preservation and managements
are components of data curation.

Funding

0 Many libraries and computer centers are not funded to provide data curation

Participation

o Some researchers need to be convinced of the importance of data curation and the long-term
preservation of their datasets.

o Convincing researchers to share their datasets.
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Intellectual Property Issues

(¢]

o
(6]
(6]

Have the data been copyrights or their use patented?
Are the data licensable?

Who owns the data?

What restrictions have they imposed?

Preservation and Access
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Academic Libraries in the Digital Data Universe: The Reference Desk and Technical Memoranda

Comments by Peter Cornillon, Professor of Oceanography, Graduate School of Oceanography,
University of Rhode Island

There are many issues that relate to the role of libraries in a digital age. The two that I have been
concerned about for a long time are:

The Reference Desk. Finding data of interest and then accessing these data can be extremely
difficult. It is often difficult to know just where to start and there appears to be a widening

gap in the expertise of the reference librarian in this regard and the state of the technology. For
example, there exist today a number of high level directories that will help one find data sets
of potential interest—the Global Change Master Directory (GCMD) for the Earth sciences, the
National Space Science Data Center (NSSDC) Master Catalog for the space sciences, etc.—but
few reference librarians are aware of these or how to use them. In fact, the expertise in data
discovery has moved away from the library to the researcher. This is both a problem and an
opportunity. It's a problem for the new researcher or student who is looking for data; they
have to go through the same, often painful, discovery process as all of their colleagues. It's an
opportunity in that expertise exists at many institutions to help train new librarians in these
areas and to retrain librarians already on the job. Unfortunately, this is an opportunity that is
not been exploited. NSF might investigate the funding of courses at library schools that draw on
the data discovery talents of the local research community. This course could be offered both as
a recertification opportunity for reference librarians as well as basic instruction for students in
library science programs. The course could also address data access methodologies.

In addition to the research community benefitting from more expertise in the library with regard
to data discovery, there would also be a direct benefit to those developing data discovery and
access methods from more input from the library community. Bottom line: there are a number
of benefits that would derive from a tighter coupling of the research and library communities as
relates to data discovery and access.

Technical Memoranda—Gray Literature. Although universities have taken the lead in the
development of end-to-end data systems in a highly distributed environment, there is one area
in which they have taken a significant step backward. In the past researchers often “published”
their data in paper form as technical memoranda or some equivalent and these reports were (and
still are) archived in the university’s library. With the advent of the Web such technical reports
have all but disappeared with researchers “publishing” their data on personal Web sites; i.e.,
the institutional commitment to a long-term archive of the data has all but disappeared. This

is a trend that must be reversed or much of these data will be lost forever — universities must
provide a mechanism for researchers to “publish” their data electronically for permanent
archival in the university library.
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Acronyms

GCMD Global Change Master Directory
GSO Graduate School of Oceanography
NSF National Science Foundation

NSSDC National Space Science Data Center
URI University of Rhode Island

'In this position paper, my references to finding and accessing data refer to finding and
accessing digital data on the Web; i.e., finding and accessing remote repositories of data.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Bernard Dumouchel, Director General, Canada Institute for Scientific and
Technical Information (CISTI), and Richard Akerman, Technology Architect-IT, Architecture,
CISTI

We feel that there is a role for CISTI in promoting the use and stewardship of Canadian research
data, in order to maintain the position of Canadian science. As well, we foresee a potential role
in coordinating open data activities, similar to the UK Digital Curation Centre (DCC) model. We
would like to explore new partnerships in this area. We feel that there are many possibilities for
enhanced use of and access to data, such as wider and richer linking of data to publications.

The Internet is enabling much greater openness in several areas:

Open access is partly about publication funding models (which will not be discussed herein),
but also importantly about providing free, public access to information.

Open data is generally less contentious that open access, as the funding model aspect is less
important. There is general agreement even amongst publishers that scientific data should be
open to all (with appropriate privacy and other constraints).

Open discourse is about broadening the scientific discussion beyond the confines of traditional
venues. Without the constraints of a printed page or a conference session, rich discussion is
possible both amongst scientists and between scientists and the general public.

Libraries are well positioned for these trends, which could be considered part of the
development of Open Science. Research libraries can play a role in the promotion and
understanding of all of these areas, as well as potentially providing infrastructure or
coordination.

In terms of the infrastructure aspects, to some extent these are already being addressed by
existing e-Science or cyberinfrastructure programs, although they have a focus more on
computing and storage resources for researchers.

The Canada Institute for Scientific and Technical Information (CISTI) has a long history of
participation in the realms of scientific computation and scientific data. In particular, we have

a longstanding role in cataloguing data and promoting its use. CISTI hosts the Canadian
secretariat of CODATA, participates in ICSTI, and was involved with the production of a report
on Canadian access to scientific research data (the NCASRD report). We provide a Depository of
Unpublished Data and our Research Press journals support the concept of supplementary data.

There are a number of issues that need to be discussed: Can the concept of trusted digital
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repository be extended to data repositories? What additional management elements and criteria
will be needed? How can we deal with existing scientific data, which may be well managed

but not necessarily compliant with any repository or access standards? How shall data be
catalogued and identified, particularly across scientific fields? How should data sets be cited,
how can versions be handled as data sets grow and are updated?

We look forward to discussing these and other issues as we explore the digital data universe
together.

References
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Research Press — Supplementary Data
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Managing Collections of Highly Dispersed, Hererogeneous Data

Comments by S. Hampton, M. Jones, and M. Schildhauer, National Center for Ecological
Analysis and Synthesis (NCEAS), University of California, Santa Barbara

Libraries have historically played a critical role in the long-term preservation of scholarly
works, especially books and other artifacts written in natural language. Curation of scientific
data has challenged the capabilities of existing systems because of the unique characteristics
of scientific data and the special services which must accompany archiving of scientific data.
Unlike books and similar publications, scientific data are generally intended for analysis,
modeling, and visualization rather than reading and browsing. Analysis and modeling
activities often require the quantitative integration of multiple data sets from dispersed
locations that vary tremendously in their structure and semantics, which creates a need for
much more detailed metadata than is available in traditional library usage. Depending on the
discipline, scientific data can be small and complex, requiring substantial documentation to
accurately interpret the data, or large but uniformly structured, requiring less documentation
but presenting system scalability issues. These and other fundamental differences in the way
one uses scientific data lead to the need for new partnerships that can effectively provide for
simultaneous preservation, discovery, access, integration, and analysis of data.

Heterogeneity and Dispersion. Dealing with heterogeneity and dispersion in the context of
integration, analysis, and modeling is the major key to successfully building data collections.
Disciplines that are strongly bounded along lines of similar information (such as genetics and
proteomics) can have highly integrated solutions like GenBank or the Protein Data Bank, yet
other fields (like Ecology) can vary widely in the types of information that are necessary within
the context of a single study (e.g., a single ecological study may require data from population
biology, genetics, hydrology, and meteorology). Consequently, one archival solution might

not fit all disciplines, unless that solution provides interfaces that enable both breadth of
coverage and depth of resolution within any given discipline. For example, traditional metadata
systems used in libraries provide metadata that assists with discovery at a coarse-grained

level, but understanding heterogeneous data requires detailed metadata that describes the
structure, content, and semantics of data and the protocols used to generate the data. Although
metadata standards overlap tremendously, discipline-specific extensions must be created to
fully understand and utilize data. Data dispersion can play an important role in structuring
collections. Local institutions are typically the best curators of scientific data because they best
understand the data collection and quality assurance processes. Although specific versions of
scientific data sets are static and can be preserved as-is, data users find errors and omissions that
are fixed in subsequent versions, requiring an active curatorial system that dynamically links
actions of local scientists to regional, national, and global archives. For libraries to provide an
effective archival system for science data, they must build semantically rich data infrastructure
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that allows direct access to heterogeneous data directly from within analysis and modeling
systems used by scientists and that allows for curatorial linkages among data systems from
local, regional, national, and global scales.

Long-term Preservation. Many disciplines, including ecology, lack a mechanism for assuring
the long-term preservation of scientific data. Although some nationally scoped data archives
exist (e.g., the NASA DAAC’s, the NODC, etc), many of these are federally funded and are
subject to the vagaries and cycles associated with public federal funding. These archive centers
tend to focus on archiving data without fully dealing with the difficult and expensive aspects
of long-term curation, including the creation and maintenance of new data versions, media
migration, and software obsolescence. A partnership of libraries and data centers that each
contains replicas of scientific data linked to local mechanisms for data curation and update
would be far more durable over the long-term than single, centralized data archive systems.

Data Sharing. Despite widespread agreement that sharing data is paramount to the scientific
method and essential to synthetic advances that span scales and disciplines, institutional and
individual sociological barriers to intellectual rights of data use remain a serious problem.
Diverse approaches to preserving data that gradually migrate disciplines into more open

and unquestioned sharing of data will benefit science but require new partnerships among
scientists, data centers, libraries, scholarly societies, and universities. One approach is to
provide incentives to data sharing directly to scientists, e.g., as the Kepler scientific workflow
system has done by directly linking analysis and modeling capabilities to data archives and
sensor networks. New partnerships that promote generic data access interfaces allow us to build
integrated systems that scientists can use to access data archives during the course of analysis
and modeling, thereby providing an incentive to share data.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Sustainable Economic Models

Comments by Margaret Hedstrom, Associate Professor, School of Information, University of
Michigan

The Intensive Care Unit Analogy. As a society, we are alarmed at the rising cost of health

care. Think of what health care would cost if all of the patients were in the Intensive Care Unit
or the Emergency Room. What is the analogy to long-term preservation? All of our patients
(that is all of the data that needs to be diagnosed and treated for the disease of decay) today

are in the ICU or the ER. [This is a bit polemical, but I hope you get my point.] An affordable
(e.g., economically viable) system for long-term preservation requires preventative medicine,

a system of diagnosis of similar problems, treatment protocols and good practices, criteria for
triage, processes and tools that support healthy data, and an infrastructure oriented to health of
data rather than illness. Getting to this point will involve research (what are the good practices,
which types of diseases affect which types of data, how do we motivate data producers to be
“health conscious” about their data, etc. etc. especially in the absence of a known or quantifiable
future demand.

The Value Proposition. If we take as a given that not all data are created equal and that we
will not be able to afford to keep everything, how do we decide where to invest in preserving
data. This is fundamentally an information problem. How do we make effective economic
decisions in the face of uncertainty about the supply of data and the future demand? Are there
any economic models or research issues that provide insights into comparable problems? What
happens when the future value of a particular set of data is contingent upon its relationship

to other data that have been preserved and can therefore be aggregated? At what level of
granularity do we make selection (e.g. investment) decisions, given that deciding what to
preserve is a very labor-intensive and expensive process.

Public Goods with an Unknown Future Value. I assume that there are numerous similar cases
of public goods with an unknown future value, but how can we learn from these and make a
similar case for long-term preservation of [the right] digital data? I think we could also leverage
present value, but we need some good examples.

Disclaimer: I am not an economist, not do I play one on TV.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Charles Humphrey, Academic Director, Research Data Centre, and Head, Data
Library, University of Alberta

Preserving scientific data is a process best characterized by a life cycle model that differentiates
the various stages through which research is conducted. The life cycle perspective helps
visualize a global representation of this process and helps identify the digital objects produced
throughout the full research cycle. Within each stage are outputs in digital format that record
or summarize research activities. For example, literature reviews, research prospectuses and
grant applications are typical products of the Study Concept and Design stage that later become
important sources when documenting data. Some of these products are specific to a particular
stage while others are passed between stages. For example, a data file from the Data Processing
stage will be passed to a subsequent Analysis stage. The life cycle model helps monitor both the
digital objects bound within a stage and those objects that flow across stages.

This type of model also depicts the wide mix of implicit and explicit partnerships that occurs
during research, including relationships among researchers, grant agencies, universities, data
producers, scientific publishers, libraries, data repositories and others. New scientific research
is stimulated by the intellectual capital, resources and infrastructure brought together through
such partnerships and much of today’s research is shaped by these interdependencies. The big
picture from the life cycle model ensures that the combination of relationships within a project
is recognized and well described.

Given a life cycle perspective, what are the key issues of long-term preservation, data
management and the curation of data in the context of new partnerships, new organizational
models and sustainable economic models?

New Partnerships. The preservation of scientific data is dependent on the custodial care of the
digital objects produced throughout the research process. The traditional practice of gathering
a paper trail of research outputs long after a scientific investigation has been concluded and
depositing them with an archive is inapplicable in the digital era. Too much valuable research
data are either at high risk of being lost or have been destroyed because of inappropriate
practices that were carried over from a time when paper was the dominant medium. In the
digital era, the challenge is to coordinate among partners the care of research data throughout
the life cycle. Digital custodianship requires clearly articulated roles for the care of the digital
objects, including which partner has primary responsibility in each stage of the life cycle.

New possibilities exist for librarians to serve as partners in the life cycle of research. Today,
data librarians are on staff in many academic research libraries where collections of data

are made available through ljbrary data services. For the most part, data librarians are not
engaged in primary research being conducted on their local campuses. Instead, they mainly
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support researchers undertaking secondary data analysis. While this is an important service,
the potential for data librarians to be much more involved in activities across the life cycle of
research remains untapped. For example, data librarians could contribute significantly to the
management of metadata throughout a research project.

Research data require high quality metadata for proper preservation and to be of value for re-
use. New metadata standards are emerging that facilitate the discovery and repurposing of
data. The enhancement of such standards requires participation by all of the partners in the life
cycle of research. With the production of comprehensive metadata based on open standards,
new partnerships will be needed to develop open-source tools for mining this rich metadata.
Research libraries should provide access both to the body of scientific literature and to the data
upon which this literature is based. The publishers of scientific literature and the providers

of library data services need to agree upon standard metadata elements that will facilitate the
dynamic linking of data with scientific literature. With such metadata in place, new partnerships
can be forged to develop the tools for integrating data with literature.

New Organizational Models. Short-term access to data is often best facilitated by keeping
the data in close proximity to its origins. However, long-term access is completely dependent
upon thorough preservation practices and standards. One challenge we face is to establish

a network of organizations with varying levels of responsibility to span the life cycle of
research. For example, a local digital repository may take initial responsibility for providing
access to research data but the long-term preservation and access becomes the responsibility
of a topical (discipline-specific) or general national repository. Coordinating the division of
responsibilities across multiple digital repositories is a major organizational task. A model
based on a federation of data repositories is one approach that would address the need for
strong organizational coordination.

New data repositories of national prominence need to be launched that take on the long-term
responsibilities of preserving data and that work closely in coordination with local repositories
responsible for short-term access to data. An open consultation is needed to determine how
many of these repositories are required and whether their focus should be general or topical.

The emergence of local digital repositories with recognized responsibilities for the care of
research products requires a certification process to ensure best practices and to build a level of
trust between researchers and the providers of repository services. The work by the joint digital
repository certification task force between the Research Libraries Group and the U.S, National
Archives and Records Administration has provided a framework for such a system. One or
more organizational homes will be needed, however, to implement a certification process.

Sustainable Economic Models. One of today’s most serious threats to science is the
commodification of research data, 9which includes the acts of selling research data at a cost
in excess of the Bromley guideline and of inappropriately hoarding data under the pretext
of intellectual ownership. Science flourishes in an environment of openness where ideas are
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exchanged, challenged and tested. This principle of openness also applies to the data upon
which research findings are based. The replication of research depends on an open exchange
of data. The challenge we face as a scientific community is to find ways of preserving and
exchanging research data that are not based on the commodification of research data. If we
accept the premise that scientific research data must be a public good, how will the services to
preserve and provide access to the data be financed?

1

A position statement that I wrote for the ARL E-Science Task Force presents an example of a
research life cycle model. See “e-Science and the Life Cycle of Research” (2006) available online
at http:/ / datalib.library.ualberta.ca/ ~humphrey /lifecycle-science060308.doc.

“Life cycle does not refer to life span, which is the time from birth to death. Rather, life cycle

is used to describe the processes within an environment under which resources are formed,
transformed and re-used. For a brief summary of life cycle models and references to examples
in addition to the one previously cited, see the item by Ann Green, “Conceptualizing the Digital
Life Cycle” on the IASSIST Communiqué at http:/ /iassistblog.org/?p=26.

3
Original data collection is a defining aspect of primary research.

4

The Data Documentation Initiative (DDI) is an example of such a metadata standard for
survey, aggregate and time series data. Version 3 of DDI introduces a metadata model based on
the life cycle of data. For further information, see http:/ /www.icpsr.umich.edu/DDI/.

5
For a recent, comprehensive discussion of the issues of digital repositories and their

applications with research data, see Ann Green and Myron Guttmann, “Building Partnerships
Among Social Science Researchers, Institution-based Repositories and Domain Specific Data
Archives,” 2006. Pre-print deposited in: http:/ / deepblue.lib.umich.edu/.

"An example of a federation of repositories in the social sciences is the Data Preservation
Alliance for the Social Sciences (Data-PASS), which is supported by the Library of Congress
National Digital Information Infrastructure and Preservation Program. For more information,
see http:/ /www.icpsr.umich.edu/DATAPASS/.

"The argument for new national data archives of prominence has been made by James Jacobs
and myself in “Preserving Research Data,” Communications of the ACM, Vol. 47 (9), pp. 27-29.

For further information about the RLG-NARA digital repository certification task force, see
http:/ /www.rlg.org/en/ page.php?Page_ID=20769.

"The concept of pricing data at the marginal cost of reproducing a copy of the data is one of
the Bromley Principles, which was published by the Committee on Earth and Environmental
Sciences, National Science Foundation in “Data Management for global change research policy
statements July 1991” U.S. Global Change Data and Information Management Program Plan,
Washington, DC. 1992, pp. 42-48.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by John Leslie King, Vice Provost for Academic Information, and Professor, School of
Information, University of Michigan

Access and Agency. The digital data universe brings significant changes in fungibility and
interactivity in the origination, movement and use of data, information, and presumably,
knowledge. The concept of “source” must be broadened to include not only human-mediated
works of the kind we are used to, but direct sensory data from machine sensor networks and
machine-constructed works at all levels from simple tabulation to syntheses that can take many
forms (text, visuals, audio). These can be moved around at virtually zero marginal cost, and
mashed-up into new creations by machines or humans for uses not even foreseeable at this time.
Unlike the current “broadcast” model of most data/information transfer, in which a producer
“sends” content to a consumer, the new model will embrace a growing population of producer/
consumers whose roles are more difficult to distinguish. And, to top it off, if historical trends
hold, this access and agency will eventually extend to the population of humans with access to
telephony—at present about 2.8 billion people and growing rapidly (figure half the population
of the Earth by 2031, a mere 25 years away).

Productivity Implications. Traditional labor productivity is simply the output produced as a
function of labor input. Productivity is not very well understood in the realm of knowledge
work, but everyone seems to think knowledge work is the important work for the 21 century.
Assuming the traditional case — that dramatic changes in factor costs (e.g., the cost of moving
information around) alter factor ratios (e.g., the amount of information that one person can
provide to the population) — we can expect astonishing improvements in knowledge work
productivity. We have been stuck trying to answer the question of what value academic libraries
really provide for the academy and for the society at large. Other than the usual shibboleths
about public goods and conservation of human knowledge, our stories are pretty anemic.

This problem might soon change to one of explaining why we are not moving more quickly to
provide the enormous benefits available to the world in the digital data universe. Time to think
outside the stale old box.

Who's to Say? We've gotten used to knowing what's “real” and what’s not in the realm of
information and knowledge because we’ve built a huge credentialing infrastructure to answer
such questions. We are moving to a world where producers and consumers are increasingly
indistinguishable from one another, and the traditional production pathways can be ignored,
along with their credentialing mechanisms. It will become more difficult to challenge the
veracity and reliability of particular “entries” in the digital data universe, but more troubling,

it will be increasingly difficult for anyone to claim and hold the authority to decide the answers
to such questions. This should be of particular concern to academic libraries, which are residual
claimants on such authority in many societies.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Rick Luce, Vice Provost and Director of the University Libraries, Emory
University

Many challenges confront the preservation and access to digital scholarly information, as
well the development of new capabilities which extend beyond the analog print paradigm.
At the heart of these challenges lie infrastructure issues that surround the requirements for
interoperability.

Data Model Interoperability. Beyond simple Web portal access and harvesting static
repositories, raises issues related to defining (and implementing) the data model to utilize

for digital objects, which must be commonly represented across heterogeneous, non-static
repositories. The data model is important as a higher level of abstraction that must persist over
time and support the following:

e Abstraction for digital objects, required so digital objects can be seen as an instance of the
class defined by the data model, and provision for a level of abstraction which persists over
time regardless of evolution of changing technologies and formats;

e Definitions for roles and quality assurance pertaining to the creation and maintenance of
metadata, both man and machine generated;

* Quality assurance pertaining to the curatorial role of automated datasets;

e Rights, from confidentiality to DRM; and

e Sustainability (economic, social, organizational, technological).

Repository Interoperability. Enabling new value chains initiated in repositories that are:

¢ Cross-repository interoperable and federated. Note: repositories may organized by domain,
discipline-orientation, institution or organization, type (e.g., dataset, learning object, format),
etc., however, they should not be considered static nodes in a communication system
merely tasked with archiving digital objects, and making them accessible through discovery
interfaces. Rather, these repositories are be part of a loose, global federation of repositories,
and scholarly communication itself is regarded to be a global workflow (or value chain)
across dynamic repositories;

* Support a set of core services utilized via both machine and human user interfaces; and

e Facilitate emergence of richer cross-repository services.

Ecological Interoperable. Which enables:
e Persistent communication infrastructure, independent of changing technology, which

records and expresses the origin and authority of the unit of scholarly communication;
e Global and automatically executed workflows and grid-enabled workflows which support
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use and reuse across scholarly repositories;

e Data provenance in a heterogeneous networked environment;

¢ Distributed interoperable instruments and sensor-based registries;

e Information filtering which automatically pushes information to the user(s); and

¢ Emergent forms of social software, collaboration environments and networked based user
profiles and network traversal log activity analysis.

Increasingly, value resides in the relationships between papers, their associations, and the
supporting data sets and materials. To manage and utilize the potentially rich and complex
nodes and connections in a large knowledge system such as the distributed Web, system-aided
reasoning methods would be useful to suggest relevant knowledge intelligently to the user.

As our systems grow more sophisticated, we will see applications that support not just links
between authors and papers but relationships between users and information repositories, and
users and communities. What is required is a mechanism to enable communication between
these relationships that leads to information exchange, adaptation and recombination. A

new generation of information-retrieval tools and applications are being designed that will
support self-organizing knowledge on distributed networks driven by human interaction to
support trans-disciplinary science. Through the use of these new tools, we will derive a shared
knowledge structure that is based on users and usage in addition to that provided by author
citations. Thus, the aggregated connections that readers make between papers and concepts
will provide an alternative conceptualization of a given knowledge space. Such techniques will
be coupled with classical search and retrieval methods, and these capabilities have an obvious
utility for discovering and supporting evolving knowledge from these networks. The same
concepts can be applied to data sets and rich media sources.

This emerging adaptive Web will analyse and use the collective behaviour of communities of
users, utilizing concepts such as adaptive linking, which facilitates the evolution of knowledge
structures based on collective user behaviour over time, and spreading activation, which

uses a memory-recall process model from cognitive psychology. For example, using known
keywords to search across distributed open archives, a user would receive recommendations of
other conceptually related keywords, relevant articles, data sets and so on, based on semantic
proximities linked across a multitude of distributed information resources. At the same time, the
knowledge system the user has interacted with can begin to reorganize itself by incorporating
feedback from the interaction into its knowledge structure. From the user perspective, such
systems can use adaptive webs as a communication fabric to manage and co-evolve the
knowledge traded with communities of members and users. Correspondingly, these new tools
and systems will influence the adaptation of the structure and semantics of scientific discourse.
Many questions remain unresolved, such as how we evaluate the knowledge structures and
representations of such size and complexity.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Basic theme: Organizational Models

Comments by Barbara Lust, Professor, Human Development, and Janet McCue, Associate
University Librarian for Life Sciences, Cornell University

Engaging the Research Community. Research scientists now face the necessity of a major shift
in “zeitgeist” of how they must think about their data, and their labs in general, if they are to
take advantage of the power and promise of the cyber-infrastructure-based digital environment
in which we now exist. If research data sets created by individual research labs are to become
part of a national or international digital data framework which is “open, extensible, and
evolvable,” they can no longer function in isolation. For example, they must adopt revised
methods of data management which insure data preservation and data sharing. Unless the
research community can be brought to understand the significance and the usefulness of such
changes, they will not adapt.

Partnerships Between Research Labs and University Library and Across Libraries.
Establishing partnerships between research labs and the university library provides a possible
new infrastructure which is essential to the overall goal (a new “system of science” in the
digital framework). This partnership fosters an environment where library and research lab
do not function in isolation from each other. However, this infrastructure requires: (i) personal
investment from both research lab and library personnel; (ii) interpersonal collaboration at

an infrastructure level; (iii) university level support; (iv) new middleware for collaboration
and coordination; (v) reciprocal adaptation by both the research lab and the library to the
information structure of the particular data and materials involved. These needs arise at a
repeated but higher order level when inter library exchange is developed.

Establishing Knowledge Networks and Related Ontologies Which Bridge Numerous
Research Centers. New intermediary infrastructures can potentially help bridge the divides
that now exist between individual research labs, between institutions housing these labs, and
between lab and university libraries. One such structure is the “Virtual Center” in a knowledge
area.

Basic theme: Sustainable Economic Models

Barbara Lust (Professor, Human Development) and I (Associate University Librarian for Life
Sciences) are co-PIs on a project at Cornell that relates to research data and library /laboratory
collaboration. The purpose of our NSF Small Grant for Exploratory Research is to test the
feasibility of extending the role of large research libraries in supporting value-added services
for research data, including access, metadata, outreach, training, and archiving. The exploratory
grant was focused on one laboratory (Language Acquisitions Lab); a supplemental award
targeted a second research group (Agricultural Ecology Program). In the supplement, we are
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evaluating whether the conceptual model developed for language acquisition data is applicable
to other disciplines. For an overview of the project’s goals and accomplishments, see the project
Web site. http:/ /metadata.mannlib.cornell.edu/lilac/

Based on our experience in this planning grant, there are many significant issues to address
in considering sustainable economic models, including capacity building, scaling-up, and
determining future costs.

Staffing. Although the Teragrid is a reality, it will only reach its full potential when it is heavily
traveled by a broader spectrum of the research community. It is a significant challenge to build
the human capacity to deliver data and associated services in ways that support the research
community. We will need skilled programmers to develop the tools for data-driven research
and facilitate discovery and access; agile librarians with strong academic backgrounds to curate
the collections and support end users; and sympathetic researchers who understand the value
of good metadata, best practices, and archival decisions. For example, in our work with Lust’s
lab, both the metadata librarian and the programmer have linguistics backgrounds; in our AEP
grant, our Research Data/Environmental Sciences Librarian, who has a graduate degree in
Ecology & Evolutionary Biology, works closely with the 12 co-PIs in the project. Having these
specialized backgrounds allows the library to more easily translate the needs of the research lab
into services and to understand the curatorial and preservation aspects-of the data.

Scaling-up. We are working with two small projects in two labs within a single university, and
some close collaborators. How do we scale-up to deal with oceans of data in diverse disciplines
bridging multiple institutions? Can we leverage what we learn with one project and apply it to
another? Can we mainstream some activities so that specialized staff consult and support staff
process? Can we do a better job of capturing data at the point of creation, in formats that can be
made accessible, re-purposed, archived, and mined?

Estimating Future Costs. It is difficult to determine long-term costs and long-term
commitments when the models are still evolving. How do we determine long-term costs when
the issues related to long-term availability / preservation of data are still puzzling us? If we
develop collaborative repositories, how invested will the individual institutions and individual
researchers be in sustaining of a cross-institutional entity? Can the costs be generalized for other
institutions and other disciplines? Who is likely to bear the costs associated with research data
discovery and preservation—research institutions? Granting agencies? Will STM vendors or
universities or new entities offer subscriptions to institutions for services related to research
data and will institutions/ researchers be willing to pay for those services?
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

A Statement for the Management of Massive Datasets: New Partnerships
Comments by James L. Mullins, Dean of Libraries, Purdue University

In the future, a researcher will read an article multi-dimensionally. Not only will there be text,
with hyperlinks to related literature or citations within the article, there will be links to the data
reported within the article, through graphs, tables, illustrations, that will link to related datasets.

These datasets will be organized and retrieved based upon accepted, documented and well
understood taxonomies and ontologies within the discipline, crosswalks will link, automatically,
between one taxonomy and another to lead a researcher from one field of enquiry to another,
thereby making connections from the findings and results in one field to another.

Disciplinary scientists, computer scientists, computer technologists, and librarians as data
scientists within university, professional societies and other research entity will work as teams
to collaborate, from creation of the research project to the dissemination of the findings to the
curation of the data for the present and for the future.

Creating a “community proxy” will be the work of the disciplines in collaboration with
librarians to determine the logical description and structure in which data would be organized
and accessed. Massive data set repositories will be distributed around the world, in locations
adjacent to related research centers, providing access to the international research community.
Universities, research laboratories and governmental units will share in this undertaking,

each picking off a “piece” of the massive undertaking, as exemplified by the recent agreement
between the San Diego Super Computer (SDSC) and the National Archives and Records
Administration (NARA).

This brave new world will be time consuming, challenging and expensive to create. It will be
imperative that research-funding organizations such as the National Science Foundation step up
to help facilitate and cause this vision to materialize.
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Data in Digital Form

The Coming Metadata Deluge

Comments by James D. Myers, Associate Director, Cyberenvironments, National Center for
Supercomputing Applications, University of Illinois at Urbana-Champaign

With the rise of computing, our ability to produce content — from raw data to summarizing
documents — has exploded. People speak of “information overload” and “data deluge” to
describe the problems caused by this explosion for those trying to find, analyze, comprehend,
and store the growing body of material available. To date, the automation of processes to
capture the history and context of data has not kept pace, making the development of systems
for data preservation, curation, and discovery extremely labor intensive. However, it is not clear
that this situation is permanent, and, in fact, there are many reasons to think that there will
soon be a “metadata deluge’ as our ability to capture and share metadata catches up with our
capability to produce data. If such a metadata deluge occurs, it would profoundly affect the role
of libraries and the design of curation and preservation infrastructure. An analogous change
occurred with the data deluge — as our ability to create, store, and share content increased, our
ability to organize information became a bottleneck, and infrastructure such as the World Wide
Web arose. The Web, which directly supported the ability for experts and non-experts alike to
organize information, created a market for third-parties to re-organize existing material and

for ‘competing’ entities to offer alternate organizations. The Web also enabled those without

the means or expertise to maintain content to none-the-less develop collections. More recent
innovations such as blogs, wikis, and community spaces (e.g. MySpace and virtual 3-D worlds
such as Second Life) go even further in enabling content creation and organization without
technical expertise or owned infrastructure.

While this stack of Web technologies does not support the requirements for creating, managing,
curating collections and for long-term information preservation, there are emerging extensions
in this area that have the potential to spark a transformation in these areas analogous to the
Web transformation of information publishing and organization. For example, global identifier
schemes such as Handles and Digital Object Identifiers and Life Science Identifiers now
provide Web gateway mechanisms to create persistent URLs. More recent schemes such as

the Archival Resource Key (ARK) bring a more Web-centric view and additionally provide a
means of decoupling the roles of the initial information provider and subsequent curator(s)

in the way identifiers are generated and in how metadata is attributed. Extensions to HTTP
such as WebDAV and URIQA provide means of managing versions and metadata in XML and
RDF formats. Specifications such as the Java Content Repository API (JSR 170 and JSR 283)

are standardizing the same types of functionality at the programming interface level. These
technologies are making their way into large data grid and repository software, but they are
also being used directly in scientific applications and environments to enable up-front capture
of metadata and data provenance information. For example, the CombeChem project has

142 e To Stand the




developed an experiment planning and execution environment that captures the experimental
design, the provenance of data in specific experiments, and electronic notes related to the
experiments as a single web of RDF information that can subsequently be searched, viewed, and
potentially harvested. The Collaboratory for Multiscale Chemical Science (CMCS) with which I
have been involved provides a similar service for applications to record any and all information
related to data and experimental procedures that has focused more on connecting information
across scientific disciplines and related to dynamic community assembly and evaluation of
reference data and associated computational tools. Many other examples could be cited — from
ones like these that are primarily driven by the goal of directly increasing researcher and
community productivity to those that are more specifically focused on the long-term curation of
data.

Working from the Web analogy, emerging semantic and content management technologies,
and the exploratory projects using them, one can anticipate a period of rapid change in the
curation and preservation of digital data and in the role of libraries. Very rich information

— with all the detail captured and/or used by all instruments and applications in scientific
experiments — will be available via standard protocols in self-descriptive schema and directly
available, given authorization, for inclusion in institutional repositories, community databases,
reference collections maintained by scientific associations, etc. The information collected and
any additional annotations generated by third parties will be transferable (thanks to unique
identifiers) and the data/metadata could be migrated, cached, replicated as needed by the
organizations interested in it. Questions about what to collect may become much more graded
— should the content be indexed only, should it be cached for performance, should it be copied
to reduce risk or to extend the retention period, what metadata and ancillary data should be
indexed, cached, copied along with the primary artifacts of interest? It is possible to imagine
that different institutions may make very different choices in these areas to customize their
solutions and provide added value for specific user bases, with or without global coordination
or concepts as master copies or tiered collections.

In planning for the next-generation of digital data curation and preservation capabilities, it is
important to question our assumptions. While the expertise gained over centuries in curation
and preservation will be central to robust solutions, it will be necessary to disentangle principles
of information management from practices that actually represent compromise based on the
current limits of technologies and organizational structures. Conversely, while technological
progress will play a driving role, complex socio-technical issues will be faced in defining
practical solutions that align with cultural and economic realities and are ‘just complex enough’
to serve society’s needs. If the web analogy is broadly valid, we are about to enter a period of
rapid progress, new ideas, and new partnerships that will dramatically change and improve our
ability to understand the world’s information.
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Data in Digital Form

Comments by Frank Rack, formerly Director, Ocean Drilling Programs, Joint Oceanographic
Institutions; currently, Executive Director, ANDRILL (Antarctic geological Drilling) Program

My views on the topic of the role of academic libraries in the preservation of digital data
collections are primarily derived from a geosciences perspective, based on experiences from
participating in and directing scientific drilling programs. These programs, which have enjoyed
a long history of sustained support from NSF and international partners, have produced a
substantial volume of physical samples (e.g., over 330 kilometers of sediment and rock cores)
and data (both analog and digital) that are organized into structured collections using relational
data base management systems as well as archives of unstructured data. These data holdings
are expanding rapidly with the increasing acquisition of visual imagery and specialty data

sets (e.g., volumetric imaging using X-ray CT and NMR/MRI) that are common to biomedical
domains. Scientific drilling projects and programs cross NSF organizational boundaries
spanning Earth, Ocean, and Polar Programs. These activities are now expanding to include

the collection of observational time series across time and space with requirements for data
streaming and remote user control of sensors and other resources. New models of sharing,
storing, analyzing, and archiving data are required. Academic libraries have an important role
to play in this new data universe.

Academic Libraries as Collaboration Centers for Research, Education, and Public Outreach.
Academic libraries are naturally the center of the campus knowledge management and
information exchange process and can be enhanced with physical resource investments to
become “amplified collaboration environments” serving as a focal point for cyberinfrastructure
access on academic campuses. The past NSF investment in connecting academic campuses to
the high-end research networks, such asInternet-2 and National Lambda Rail can be enhanced
with campus-wide dark fiber networks that support broadband connectivity to campus
buildings and facilities, like libraries, that may be remote from the IT-2 or NLR node, but

are centers of learning. These dark fiber networks are owned and operated by the academic

IT infrastructure and provide capabilities to link researchers, educators, and students in a
distributed collaborative environment dedicated to knowledge management and information
sharing supported by data discovery, analysis, and visualization tools that can be accessed
through the campus library system. The University of California at San Diego has already taken
this step and is currently operating a dark fiber network on their campus.

These nodes could provide connectivity to the ACCESS GRID for collaborations with virtual
research groups across campus or at other institutions and provide links with the DATA GRID
for accessing computing resources and visualizations that are either pushed to the site or pulled
from the site for research, educational or outreach activities. Investing in library infrastructure
(hardware and software plus skilled staff) creates synergies with both local and remote research
groups and encourages partnerships among researchers, academic staff and students through
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opportunities for training and participation in focused demonstrations of the research outcomes
using visualizations that can also be shared with the broader academic community and the
general public. Academic libraries should be encouraged to establish collaborative relationships
with local research groups and existing centers of excellence who provide digital content in
exchange for data aggregation, public access, archiving and preservation services (either locally
or remotely through networked data centers that provide tools and Web services that can be
accessed easily by trained users), including publication of data.

Academic Libraries as Partners in Preservation of Analog Reference Collections and

Legacy Data. Academic libraries are uniquely positioned to play an important role in the
preservation of analog reference collections and legacy data for projects that are aligned with
the research and education mission of a particular academic institution or the mission of local
centers of excellence on each campus. The network of academic libraries should coordinate
with each other to collaborate on content preservation efforts that build on their strengths
while minimizing duplication of effort on a national (or better yet, and international) scale.
Domain specific groups of researchers, working as community agents, could work with
designated academic libraries to digitize analog collections for long-term preservation with
appropriate metadata. This type of partnership would combine the traditional strengths of
library professionals with the opportunities provided by collocated teams of researchers in

a coordinated way to support a large-scale, interoperable, networked architecture for data
discovery, information sharing and knowledge creation. The academic libraries would play a
fundamental role in supporting research and educational goals within the context of a pervasive
cyberinfrastructure that would require partnerships between federal, state and local (academic
institution and local community) for investments that leverage technology to provide access to
knowledge resources and training and outreach to stakeholders at all levels.

An example from scientific ocean drilling is the need to transform 40 years of analog
“Proceedings” of the Deep Sea Drilling Project (DSDP) and Ocean Drilling Program(ODP) into
electronic format through document scanning and OCR. These volumes weigh approximately
2000 pounds as a set and contain both data and metadata that could serve a wide community
of users if they were readily available across the network. Plans to undertake this scanning/
digitization project has been made and pilot studies have begun to transform this pile of paper
into digital content through a partnership between the Texas A&M University Digital Library
and the ODP Science Services group located at Texas A&M. Similar collections of key reference
materials should be identified by specific domain science communities and prioritized for
digital access in partnership with academic libraries.

The evolution of a distributed, networked, partnership among academic libraries, technology
centers and research groups would require strategic planning and phased investments

that leverage existing programs and initiatives to create new opportunities and enhance
synergies among all parties. The prior NSF investments in establishing point-source
academic infrastructures (e.g., Internet2 and NLR connections/nodes) should be leveraged
by establishing a process to encourage the construction of dark fiber campus-wide networks

d Engineering ¢ 145




connecting libraries to research centers to support data sharing, open access, and preservation/
archiving of data that can be provided to researchers, educators and communities of learners.
The infrastructure investments should be combined with opportunities for the development

of Web service architectures to support data discovery, analysis and visualization to create

a transformational environment of innovation that would enhance knowledge creation and
dissemination and stimulate learning.

Observational data in the future will be streaming from thousands to millions of field sensors
that will require scalable visualization resources to allow humans to readily understand and
comprehend the significance of these data. Academic libraries have a unique opportunity

to establish a strategic role for themselves as centers for data integration, analysis and
visualization, combined with a strong education and outreach mission. In order to realize this
dream, academic libraries will have to form innovative partnership with a variety of research
groups and broad-based communities of educators and technologists who can translate these
challenges into coordinated action plans that capitalize on the opportunities promised by this
transformation. Academic libraries will become next generation centers for learning, education,
and public outreach, and will need to provide training to a broad range of users to articulate the
significance of the new world view that accompanies this change in the data universe.
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Data in Digital Form

Some Key Issues for Consideration
Comments by Mark Sandler, Director, Center for Library Initiatives, CIC, Champaign, IL

Archiving. Archivists in academic settings often comment on the lack of interest that scholars
show in the notes and working files of their colleagues. Likewise, in the social sciences as

well as other disciplinary clusters, there seems to be more reward in gathering new data than
building on top of the sources of others. Nonetheless, we know this to be mixed, and ICPSR and
other data centers probably have a sophisticated understanding of the kinds of data that does
and doesn’t support new and important research. We should be tapping into that knowledge

to establish guidelines for archiving datasets, both at the level of which datasets should or
shouldn’t be saved, as well as which should be saved as bit streams with minimal investment
as opposed to those worthy of being refreshed, migrated forward and kept readily accessible to
subsequent generations of researchers.

Aggregation. Aggregating data is efficient in terms of storage and management, and efficient
as well in terms of retrieval. Perhaps disciplinary data farms should be developed, or perhaps
this needs to be approached by funding agency or by academic institutions or collectives of
academic institutions and research centers. A key to successful aggregation of data will be the
emergence of standards around defining variables and achieving a degree of consensus about
data gathering techniques that will permit greater comparability across studies. I understand
that some differences in survey design and research methodology represent advances in a
discipline, but I also understand that far too often these shifts are less about “progress” than
idiosyncratic deviations masquerading as a research advance.

In the world of text archives, there is increasing emphasis on standards, keyboarding and
scanning guidelines, DTDs, and substantive metadata, all of which further content integration
and system interoperability. The underlying theory here is that data gathered for a particular
study or purpose might be more valuable as part of a larger whole than if self-contained and
self-referential.

Transparency. However it's done, data (especially data gathered with the assistance of public
funding) should be more broadly available for public scrutiny and further analysis. I think we
all respect the right of a researcher to have the time required for careful analysis of data he or
she has gathered before it is opened up to the world. On the other hand, closing down access

to useful data for many years on the off chance that the researcher will someday be inclined to
return to the dataset seems selfish and not in the best interest of advancing scholarship. As with
so many other issues in the underlying social relations of academe, we need to become clearer
as a community about the social responsibility of scholars to engage in dialogue with the larger
society.
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Data in Digital Form

Comments by MacKenzie Smith, Associate Director for Technology, MIT Libraries
There are two aspects of scientific and engineering data that relate to academic libraries:

* Data as primary source material available for further research and experimentation, using
particular datasets or groups of datasets; and

e Data as part of enhanced publications that form the basis of modern, digital scholarly
communication.

Academic research libraries and archives are closely involved with both of these as a part of
their mission and expertise. However, broadening the scope of libraries and archives to include
digital scientific research data brings big challenges. There are unanswered questions about the:

e Technical infrastructure, and who will develop and manage it;

e Collection practices involving decisions about what data will be kept, when, in what form,
with what tools, what description;

» Digital preservation practices (of unknown difficulty and expense); and

e Legal framework that is necessary to allow this to happen at all.

Libraries and archives will probably not be the primary providers of the large-scale storage
infrastructure required. Nor will they provide the specialized tools to work with the data
(sometime at the level of individual datasets). They will also not provide detailed information
about the data (which falls to researchers, or specialists from their societies and publishers). Nor
will they provide the legal framework to enable open science. However to achieve economies of
scale across all scientific research domains and not just create data silos within particular scientific
sub-disciplines, there is value in library practices around:

e Collection policies and practices (appraisal, selection, weeding, destruction, etc.);

e Data clean-up, normalization, description, and submission to archives; and

e Collaboration with researchers around scholarly communication practices of the disciplines
(e.g., educating students about these practices, or helping researchers find appropriate
archives or publications).

It's unclear whether libraries will provide the technical solutions to long-term digital data
preservation. It is certainly within the mission of research libraries and archives to preserve the
scholarly record, but the technical challenges and costs involved are large, and libraries will
need to invest seriously in this area if they wish to help find solutions.

Finally, for “enhanced publications” that include scientific data as a useful part of networked
documents, there are missing standards that academic libraries are well positioned to help
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define, including:

e Ontologies (for complex publications that include data);

 Identifiers for publication parts that work across disciplines;

e Consistent description practices for enhanced publications and their parts;
¢ Data structuring conventions; and

* Interoperability protocols for searching and retrieving data.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Eric F. Van de Velde, Director, Library Information Technology, California
Institute of Technology

Both large and small research projects produce data of historical value worthy of preservation.
Large projects must incorporate data preservation as an essential part of their project. Small
projects need institutional support to help them implement high-quality data-preservation
policies. Funding agencies should create Centers of Excellence in Preservation and encourage
peer review of data sets and associated services and software. Computer-and library-science
curricula should include data preservation.

The size and specialized nature of the data of large research projects (Caltech-MIT’s LIGO,
Human Genome Project...) require that data preservation is considered as an essential
component of the project. These projects have the responsibility to manage the data, to

make it available with appropriate services, and to preserve the data and the associated
software and documentation. Often, the desired outcome is a data set that continues to grow
indefinitely, supplemented with data from newer, more accurate, observations and experiments.
Terminations of projects like these are relatively rare events that should be handled on a case-
by-case basis as part of the closing-down process, which should be supervised and audited by
the funding agency.

Small research projects need institutional help with the work required to comply with
preservation mandates. Managing scientific data requires scientific know how at an expert
level, and the local research library cannot be expected to handle preservation of data of all
disciplines. It might be feasible, however, for a library to specialize in the preservation of data
in one or two disciplines. For the rest, the library is the agent between local researchers and
specialized data archives.

Funding agencies should fund (distributed) Centers of Excellence in Data Preservation, each
specializing in a particular discipline. As part of the competitive funding process, interested
institutions would develop collaborative organizational networks capable to implement
effective preservation of specific data. This approach allows for organic growth, proportional to
the actual needs. This approach also builds on the strengths of existing institutions (universities,
research laboratories, and their libraries).

Funding agencies should also provide incentives to accomplish more than “just archiving.” Data
obtained at great effort and expense should be made available as widely as feasible together
with supporting services and software. Peer review of data sets and associated services and
software would make it easier to consider this kind of work in tenure and promotion. Under
suitable conditions, for-profit organizations could provide services using publicly available
data, ensuring the use of this data for society’s benefit.
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Finally, we must ensure that the talent to preserve scientific data will be available. The preferred
approach is to provide incentives for computer-science and library science departments to
include suitable disciplines in their curricula.
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Todd Vision, Associate Director of Informatics, The National Evolutionary
Synthesis Center, University of North Carolina at Chapel Hill

The Respective Roles of Scientific Publishers and Institutional Libraries. Currently, the
responsibility for management of data accompanying scientific publications falls to publishers
in the form of supplemental data collections. Academic journals have little incentive to invest

in the establishment and maintenance of digital data repositories that can be used for anything
beyond minimal documentation of published reports. If there were a uniform and reliable
system for digital data management that was hosted by researcher’s home institution, this could
potentially supplant the current system whereby unstructured supplemental data is deposited
at publication. However, such a system would need to be available widely, and not just at elite
institutions, in order to be a viable alternative for publishers.

The Untapped Value of Raw Data to the Researcher. In many scientific fields, difficult-to
obtain and essentially irreproducible datasets (such as long-term field observations in ecology)
are analyzed and reanalyzed by the same research group over a period of many years, resulting
in multiple publications, each containing only such statistical summaries of the data as are
necessary to support the claims in the publication. Such datasets may continue to grow and
accrete value over time. Understandably, the researcher feels entitled to an indefinite term of
exclusive use, and there may be no single moment at which he or she would be comfortable
providing even limited access to the full dataset. How common is this situation, and how
worthwhile is it to invest in a system of scientific data preservation that would exclude such
unique and valuable data collections? Or is there a way to manage such data while protecting,
or alleviating, the researcher’s concerns of exclusivity.

The Burden of Metadata Curation. Digital data is nearly useless without extensive and high-
quality metadata, both for resource discovery and for interpretability of the data itself. The
researcher knows the data, but doesn’t necessarily have sufficient expertise in information
science to provide quality metadata curation, while librarians have the opposite problem. What
incentives can be provided to researchers to undertake the burden of careful metadata curation,
how can this task be made more manageable to nonexperts, and what incentive can be provided
to institutions for QC of metadata produced by researchers?
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Top Three Issues in the Long-Term Preservation, Management, and Curation of Scientific
Data in Digital Form

Comments by Tyler O. Walters, Associate Director for Technology and Resource Services,
Georgia Institute of Technology, Library and Information Center

Issues in Digital Data Curation Leading Us to the Need for New Partnerships

Among the top three issues effecting the growth and future of digital data curation involves:
1) Culture and policy frameworks; 2) Technology integration and data curation tools; and 3)
Economic sustainability of our partnership and consortial models.

The expense and enormity of the challenge to ensure the preservation, curation, and overall
management of scientific digital data lends itself to a multi-institutional solution. However, in
order to build effective partnerships, we must first begin with the single organization. Raising
awareness of the need and benefits to managing digital data will be paramount. Universities
will need to create programs and incentives that embed digital data curation in university
culture, becoming an integral part of research projects. The initial change driver can be policy.
Granting agencies such as NSF and NIH (DOE could be another source for a data curation
policy) are considering data access and management policies that may drive universities with
agency-funded research projects in this direction. In response, universities will need to make a
commitment to the use, re-use, and maintenance of digital data. However, pragmatics also will
dictate that not all data can be sustained. This situation requires designing criteria for selecting
which sets of digital data will and will not become a long-term university responsibility.
Libraries can contribute to the selection process by adapting archival appraisal theory as well
as other parameters to judge which research materials are worthy of long-term accessibility.
This combination of policy setting, awareness raising, cultural engineering, and selection
criteria building, will become essential components in the rise of digital data curation programs.
Libraries can assist with developing and implementing this agenda and be equal partners with
scientists, advanced technologists, and policy makers. New partnerships and services akin

to Genbank, operated by the NIH / NLM’s National Center for Biotechnology Information,
may need to be established. They may take on a discipline-based alignment, such as several
universities with deep interests in astrophysics forming a consortium to provide data curation
services for their home institutions’ related data sets.

Much work remains in areas such as improving technology integration and building reliable
data curation tools. Data does not reside in just one information system; therefore, integration
between systems is critical. Universities have research data residing in many applications such
as databases (commercial and open), digital asset management systems, content management
systems, and repositories. Curating this data consequently may include moving it from one
system to another, linking it between systems, and migrating it to a central system. The exact
future architecture is undetermined and many universities and consortia may take divergent
paths. There will be common format and metadata portability issues. Ongoing development
projects such as the Global Digital Format Registry (GDFR) can play an essential role in
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matching formats (including database programs and protocols) and providing information on
software that can read certain databases and data formats, and recommend migration paths.
Data curators will need tools for data and metadata extraction, database emulation, data
provenance tracking, and to document the origin, use, and re-use of data. Partnerships and
consortia can play a key role. They can promote the further development of new data curation
technologies as well as standards and technical protocols to ensure interoperability and data
migration. They can be vital to maximizing present resources and strategies in generating these
new technologies through their synergistic activities.

If the work described above progresses, then the economic sustainability of these types of
partnerships and consortia will become mandatory. The bottom line — funding and revenue
streams need to be established. I mixture of funding sources will best guarantee the success of
these new entities and help them to not become too reliant on any one source of funds. Partner
dues, seed and project monies from grant agencies and private foundations, revenues from a
variety of service and consulting fees, and several other creatively produced sources of funding
are examples of cooperative ways to sustain the new partnerships. Those interested and vested
in digital data curation should explore deeply new and dynamic models of organizational and
economic sustainability. This is an opportunity to reinvent ourselves for the better as we face
inherently new challenges in managing complex research objects such as data sets.
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Appendix F. Examples of Scientific
Community Archives

Examples of Scientific Community Archives
Rick Luce, Emory University

A number of disciplines maintain archives with submissions from their communities.
These are hosted under a variety of rubrics, including some publishers. Some of them
include:

arXiv (1991-), Physics, mathematics, computer science; main administration site at Cornell
University, multiple mirrors worldwide, manages access to over 230,000 papers, abstracts
include links to citation analysis for the paper by SLAC Spires and Citebase.

http:/ /www.arXiv.org/.

Citeseer (1998-, aka ResearchIndex), developed at NEC Research Institute, NJ, USA,
caches openly accessible full-text research papers on computer science found on the Web
in Postscript and PDF formats for autonomous citation indexing. http:/ / citeseer.nj.nec.
com/cs.

ebizSearch (2001-), administered by the eBusiness Research Center at Pennsylvania State
University, based on Citeseer software, academic articles, working papers, white papers,
consulting reports, magazine articles, published statistics, and facts. http:/ / gunther.smeal.
psu.edu/.

K-theory Preprint Archives*\ (papers from 1995), managed at Mathematics Department,
University of Illinois at Urbana-Champaign. http:/ / www.math.uiuc.edu/K-theory/.

Topology Atlas preprint server (papers from 1995), was most active in 1996 and 1997
and still accepts submissions but suggests using the Mathematics Archive (arXiv.org or
its Front) for distributing and finding preprints, hosted at York University, North York,
Ontario. http:/ /at.yorku.ca/topology / preprint.htm.




Algebraic Number Theory Archives (papers from 1996, frozen since Jan. 2003), hosted at
the Mathematics Department, University of Illinois at Urbana-Champaign. http:/ / www.
math.uiuc.edu/ Algebraic-Number-Theory /.

Mathematical Physics Preprint Archive, mp_arc (papers from 1991), hosted by
Mathematics Department, University of Texas at Austin. http:/ /rene.ma.utexas.edu/mp_
arc/index.html.

Hopf Topology Archive (papers from 1997), hosted by the Department of Mathematics,
Purdue University. http:/ /hopf.math.purdue.edu/.

Preprints on Conservation Laws (papers from 1996), administered at Department of
Mathematical Sciences, Norwegian University of Science and Technology (NTNU),
Trondheim. http:/ /www.math.ntnu.no/conservation/.

MCMC (Markov Chain Monte Carlo) methodology Preprint Service (papers from 1993),
administered at the Statistical Laboratory, University of Cambridge. http:/ / www.statslab.
cam.ac.uk/~mcmc/index.html.

Jordan Theory Preprint Archives (papers from 1996), hosted at Institut fur Mathematik,
Universitat Innsbruck. http:/ /mathematik.uibk.ac.at/ mathematik /jordan/index.html.

Groups, Representations. and Cohomology Preprint Archive (papers from 1995),
managed at Department of Mathematics, University of Georgia, USA. http:/ /www.math.
uga.edu/archive.html.

Field Arithmetic Archive, located at Ben Gurion University in Be’er-Sheva, Israel, stores
electronic preprints on the arithmetic of fields, Galois theory, model theory of fields, and
related topics. http:/ /www.cs.bgu.ac.il/ research /Fields/.

MGNet preprints (papers from 1991, last paper deposited 2001), Department of
Computer Science, Yale University, repository for information related to multigrid,
multilevel, multiscale, aggregation, defect correction, and domain decomposition
methods. http:/ / casper.cs.yale.edu/ mgnet/ www / mgnet-papers.html.

Cogprints (1997-), an electronic archive for self-archived papers in any area of Psychology,
Neuroscience, and Linguistics, and many areas of Computer Science, Philosophy, Biology,

Medicine, Anthropology, as well as any other areas pertinent to the study of cognition,
initially a project in the JISC Electronic Libraries (eLib) Programme, administered by the
IAM Group, University of Southampton. http:/ / cogprints.ecs.soton.ac.uk/.

E-LIS, E-Prints in Library and Information Science. http:/ / eprints.rclis.org/.
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DList, Digital Library of Information Science and Technology (October 2002-), managed
by School of Information Resources and Library Science and Arizona Health Sciences
Library, University of Arizona. http:/ /dlist.sir.arizona.edu/.

NetPrints Clinical Medicine and Health Research (December 1999-), BMJ Publishing
Group and HighWire Press, a repository of non-peer reviewed original research. http:/ /
clinmed.netprints.org/home.dtl.

Chemistry Preprint Server (August 2000-), ChemWeb.com, Elsevier. http:/ / www.
chemweb.com/ preprint.

Computer Science Preprint Server (November 2001-), Elsevier. http:/ / www.
compscipreprints.com/comp/Preprint/show /index.htt.

Mathematics Preprint Server (May 2001-), Elsevier, a registered data provider, supporting
OAIv2.0. http:/ / www.mathpreprints.com/math /Preprint/show /. (842 papers at 25th
March 2003)

HTP Prints, the History & Theory of Psychology Eprint Archive (September 2001-),
administered at York University, Toronto. http:/ /htpprints.yorku.ca/.

Education-line (1997-), a freely accessible database of the full text of conference papers,
working papers, and electronic literature which supports educational research, policy, and
practice, initially a project in the JISC Electronic Libraries (eLib) Programme, administered
by the Brotherton Library, University of Leeds. http:/ / www.leeds.ac.uk/educol/.

Social Science Research Network (SSRN), Social Science Electronic Publishing, Inc.,
working papers and abstracts are provided by journals, publishers, and institutions for
distribution through SSRN's eLibrary, which consists of two parts: a database containing
abstracts on over 49,200 scholarly working papers and forthcoming papers, and an
Electronic Paper Collection containing over 30,800 (27 March 2003) downloadable full-text
documents. SSRN is composed of specialized research networks/journals in the social
sciences: Accounting, Economics, Financial Economics, Legal Scholarship, Management,
Negotiations.

Electronic Colloquium on Computational Complexity (papers from 1994), led by the
chair of theoretical computer science and new applications at the University of Trier.

Research reports, surveys, and books in computational complexity. http:/ / www.eccc.uni-
trier.de/eccc/.

Cryptology ePrint Archive (2000-), maintained by the International Association for
Cryptologic Research (IACR), incorporates contents of the Theory of Cryptology Library
1996-1999. http:/ / eprint.iacr.org/.
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The Digital Library of the Commons (DLC), Indiana University, contains a Working
Paper Archive of author-submitted papers, as well as full-text conference papers,
dissertations, working papers, and pre-prints. (The commons is a general term for shared
resources in which each stakeholder has an equal interest. Studies on the commons
include the information commons with issues about public knowledge, the public domain,
open science, and the free exchange of ideas.) http:/ /dlc.dlib.indiana.edu/.

Organic Eprints (September 2002-), established by the Danish Research Centre for
Organic Farming (DARCOF), open access archive for papers related to research in organic
agriculture. http:/ / orgprints.org/.

University of California International and Area Studies (UCIAS) Digital Collection
(October 2002-), partnership of the University of California Press, the California Digital
Library (CDL), and internationally oriented research units on eight UC campuses,
publishes articles, monographs, and edited volumes that are peer-reviewed according
to standards set by an interdisciplinary UCIAS Editorial Board and approved by the
University of California Press. http:/ /repositories.cdlib.org / uciaspubs/.

Formations, Faculty of Arts, University of Ulster, hosts eprints in Media Studies and
participative “eLearning Forums” based on short discussion papers. Initially a project in
the JISC Electronic Libraries (eLib) Programme. http:/ / formations2.ulst.ac.uk/.

Ecology Preprint Registry (papers from July 2001), hosted at the National Center for
Ecological Analysis and Synthesis, dissemination of new research results destined for
publication (i.e., not white papers or gray literature), only preprints with a theoretical
basis can be submitted, the scope may be expanded to include submissions from the entire
discipline of ecology. http:/ / www.nceas.ucsb.edu:8504/esa/ ppr/ ppr.Query.

Note: This is a selection of the types of resources that are available and is offered for
purposes of illustration. Inclusion in the list does not represent an endorsement nor should
any meaning be inferred about resources that have not been identified here.
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