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The Open Archives Initiative:
Interoperable, Interdisciplinary Author
Self-Archiving Comes of Age

Richard E. Luce

SUMMARY. Author self-archiving systems, emerging from successful
experiments with preprint servers, have emerged in a variety of fields.
The Open Archives initiative was organized to create a forum to solve
interoperability issues between author self-archiving solutions, as a
way to promote their global acceptance. The initiative seeks to develop
a framework for a “universal e-print archive” that establishes inter-
operability standards supporting the search and retrieval of e-print
papers from all disciplines. The Santa Fe conventions were developed to
ensure these archives work together so that any paper in any of these ar-
chives can be found from anyone’s desktop worldwide, as if it were all in
one virtual public library. [Article copies available for a fee from The Haworth
Document Delivery Service: 1-800-342-9678. E-mail address: <getinfo@
haworthpressinc.com> Website: <http://www.HaworthPress.com>]

INTRODUCTION

A revolution in the scholarly communication system is brewing

with the goal of returning choice back to authors. Efforts to give
authors control over the communication and distribution of their work,
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in the form of electronic author self-archiving systems, are gaining
ground. Author self-archiving allows authors to deposit their papers or
preliminary drafts into an archive and thereby speed up the commu-
nication process. Submittal for publication and peer review follows
later, if desired by the author. These archiving alternatives, typically
organized by subject domain or organizational entity, are growing and
rapidly gaining acceptance.

Until very recently, however, these developments have been rela-
tively uncoordinated and somewhat isolated ““islands” of information.
The obvious challenge for libraries and researchers is the question of
locating relevant content among heterogeneous and highly variable
systems or, simply put, the ability to interoperate on these systems as
one virtual collection.

The Open Archives initiative (OAi) represents an attempt to devel-
op a framework for a ‘““universal e-print archive” that establishes
interoperability standards supporting the search and retrieval of e-print
papers from all disciplines.! At the most basic level interoperability is
defined as ‘“the capacity of a user to treat multiple digital library
collections as one,”? and it is widely considered a key digital library
challenge.

While author self-archiving systems today are much broader in
format than preprint archives, nonetheless, the genesis of this move-
ment comes from the preprint experience. What lessons can we learn
from the successful preprint servers, and what are the implications for
scholarly communication?

LOS ALAMOS E-PRINT ARCHIVE

The first and most important preprint server and archive is Los
Alamos National Laboratory’s physics preprint archive www.arXiv.
org, which expanded to support mathematics, nonlinear sciences and
computer science (formerly known as xxx.lanl.gov). Created by Paul
Ginsparg in 1991 to speed the delivery of high-energy physics pre-
prints, the arXiv has become the global repository for research in
physics. The arXiv contains over 134,000 papers and receives about
2,500 new author submissions monthly. Mirrored in 15 countries, it
receives constant and heavy usage, supporting an average of 120,000
daily connections.

Many players in the value chain advanced arguments to support the
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contention that the preprint model would not expand outside physics
to other disciplines. We now know that is not the case. After sorting
out obviously self-serving rationale to protect the status quo, some
concerns are quite valid.> However, this model was not intended to be
the all-encompassing solution. Rather than focusing on dissimilarities
in cultural communication in different fields of research, it is more
instructive to note cross-disciplinary similarities. Speed, cost and val-
ue chain issues are not limited to the physics community and those
issues are among the factors that are driving experimentation with
author self-archiving systems.

OTHER E-PRINT EFFORTS

Similar efforts in other disciplines are noteworthy since the Open
Archives initiative seeks to address interoperability among these sys-
tems and others in early stages of development. Many began as infor-
mal mechanisms to disseminate either preliminary results or grey
literature. A number of these have evolved into essential vehicles to
communicate results to colleagues in a given domain:

* CogPrints is modeled on the arXiv and focuses primarily on a
collection of papers in cognitive science, psychology, neurology,
linguistics, and related fields.

* Archives in the NCSTRL (Networked Computer Science Techni-
cal Reports) provide access to technical reports in computer
sciences from over 100 institutions worldwide through a single
interface. The initiative uses the Dienst protocol, which enables
the creation of library-like services that support searching and
browsing the archive.

* The RePEc initiative (Research Papers in Economics) provides
authors with the option to submit working papers to a departmen-
tal archive or-if one does not exist-to the EconWPA archive at
Washington University.

e NDLTD aims at building a digital library of electronic theses and
dissertations (ETD) authored by students of member institutions.
It contributes a useful and unique area of “grey” literature that
otherwise would be available only through a commercial service
or directly from each university.

* NASA Technical Reports Server (NTRS) is a gateway to 20 dif-
ferent U.S. government-based technical report servers that con-
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tain three to four million abstracts and more than 100,000 full-
text reports.

¢ Clinical Medicine Netprints, launched recently by the British
Medical Journal and HighWire Press is an e-print site for studies,
research, and articles in Clinical Medicine.?

* Recently, NIH (National Institutes of Health) has expressed a
strong interest in the establishment of an e-print initiative for
biology. The NIH e-biomed proposal® for research reports in the
life sciences has received significant attention and debate.
PubMed Central, though representative of a more traditional ap-
proach, provides barrier-free access to primary reports in the life
sciences.’

E-PRINT LESSONS

What drives the rapid adoption of these systems, still in relative
infancy in terms of their development? From a market perspective, the
old paradigm for scholarly communication was not adequately meet-
ing the primary needs of its customers, in this instance the scientific
community. Clearly the traditional scholarly model of communication,
with its reliance on formally published journals, is facing significant
challenges. Although it is not within the scope of this paper to explore
those challenges, three key factors are critical to understanding the
adoption of a new model:

* Speed-In a world shaped by the Internet, scientists now have ac-
cess to a medium that supports rapid communication and sharing
of research results. Today scientific research in most fields is
moving faster than ever. Rapid communication drove initial ef-
forts to launch xxx.lanl.gov in 1991 and it drives the adoption of
alternatives in other fields today.

* Financial Instability-The imbalance between double digit pric-
ing increases and relatively flat library budgets has created a
well-known financial crisis for research libraries. It has also neg-
atively impacted the author scientist who typically pays for this
imbalance with institutional overhead taxes taken out of his or
her research funding.

* [Inefficient Value Chain-A primary motivation of the author/re-
searcher is the accreditation and communication of results to
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one’s peers. The current value chain for formal publication is
very long, with several layers between author and reader, e.g.,
author, editor, peer review, primary publisher, secondary publish-
er, distributor, library, and reader. It is reasonable to conclude that
this chain, with various inefficiencies, is not sustainable in its
current form.

To condense these points into an equation, we could state that
significantly increased speed of communication, coupled with radical-
ly lower costs and close proximity between author and reader, equals a
formula for success. All the e-print initiatives share the same goal, the
optimization of scholarly communication by overcoming the barriers
imposed by the traditional framework.

A final general observation, and by no means the least important
issue, is the lack of direct user involvement in the large fraction of
currently available formal communication systems. Relatively few
practicing scientists are involved in the scholarly communication de-
bate, much less in the design and implementation of new systems.
That reality is ironic, given that scientists feed the scientific publica-
tion process as authors, as well as actively interact with the formal
system on a daily basis as readers, referees, editors, conference orga-
nizers, etc.

While other disciplines and institutions have begun to create public
research archives along the lines pioneered at Los Alamos, what is
needed are conventions that archives can adopt to ensure that they are
interoperable. Ideally, any paper in any of these preprint or e-print
archives should be able to be found from anyone’s desktop worldwide,
as if it were all in one, virtual, public library.

TAKING THE FIRST STEPS

In April 1999, a call for participation for a Universal Preprint Sys-
tem (UPS) was put out to existing e-print systems. This was intended
to mobilize a core technical group to work towards achieving a univer-
sal service for non-peer-reviewed scholarly literature.® Such a univer-
sal service is considered as the fundamental and free layer of scholarly
information, on top of which both free and commercial services can be
established. The goal is to catalyze progress in new scholarly publish-
ing models over the next five to ten years.
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The call for participation was based on the premise that important
steps towards the establishment of a universal service could be taken
by identifying or creating interoperable technologies and frameworks
for the dissemination of author self-archived documents (termed e-
prints). The driving forces behind the initiative are the perception that
many years of theoretical discourse have resulted in few fundamental
methodological changes, and the hope that more-rapid progress could
be catalyzed by a consortium of interested parties focusing directly on
the relevant technological issues.

The first UPS meeting was held in Santa Fe, New Mexico on
October 21-22, 1999. The participants were digital librarians and com-
puter scientists specializing in archiving, metadata, and interoperabil-
ity, and they included the founders of the principal public research
archives that exist so far. The participants were diverse in their under-
lying motivations, but unified around the objective of paving the way
for universal public archiving of the scientific and scholarly research
literature on the Web.

A second meeting connected with the Open Archives initiative was
held on June 3, 2000, in San Antonio, Texas. The intent was to ratify,
solidify, and expand on previous agreements.” At the Second OAi
meeting, 43 people assembled from 5 countries. As of the meeting
date, there were 6 conforming archives with content available for
harvesting. The third OAi meeting will be held in Lisbon, Portugal, on
September 21, 2000, in conjunction with the September 18-20 activi-
ties of ECDL’2000 (European Conference on Research and Advanced
Technology for Digital Libraries).19 Coordination will be provided by
an emerging OA1 steering committee to support the work of the initia-
tive.

TECHNICAL SUMMARY

All participants agreed that scientific papers should be freely acces-
sible to the public, although individual participants differed on specif-
ics, such as handling non-peer-reviewed material. The first meeting
concentrated on the creation of cross-archive end-user services. The
aim was the identification of general archive solutions that would
facilitate the creation of such services. These characteristics could
then be used as recommendations for existing and upcoming initia-
tives.
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Participants concluded that many different archive initiatives were
likely to emerge, with different conceptual, organizational and techni-
cal foundations. In order for such initiatives to successfully become
part of the scholarly communication system, interoperability was es-
sential. The initiative aims to support archives, both those focused on
e-prints and those representing a wide variety of other content types.
Version 2 of the OAi specifications and a number of conforming
implementations, including PERL and Java, will be available so that
archives can participate easily in OAi. More detailed descriptions of
the meeting!1-12:13 and the prototype system demonstrated at the Santa
Fe meeting!4 have been published.

INTEROPERABILITY

The Santa Fe Convention of the Open Archives initiative represents
a pragmatic and incremental approach towards interoperability. Con-
sensus was reached that interoperability hinges on a fundamental dis-
tinction between the archive-functions, which include data-collection
and maintenance, and end-user functions, like the cross-system search
and linking prototype service described in the opening session. Al-
though archive initiatives can implement their own end-user services,
it is essential that the archives remain “open” in order to allow others
to equally create such services.

Essentially, there are two ways to implement end-user services for
data originating from different archives: either a distributed searching
approach or a harvesting approach. The former would require archives
to implement a joint distributed search protocol, which is difficult.
Moreover, there are important problems of scale when implementing
such distributed search solutions, given the possible emergence of
thousands of institutional and/or subject-oriented archives worldwide.
Thus the harvesting solution was considered more appropriate. The
harvesting approach allows trusted parties-the ones that subscribe to
the Santa Fe Conventions-to selectively collect data from different
archives. The conventions propose adoption of portions of the Dienst
protocol for the harvesting of data and a minimal Dublin Core com-
pliant metadata set, called the Santa Fe Set, which should be made
available by all archives to respond to harvesting requests.

The mechanisms for establishing this interoperability are described
in full detail in the Santa Fe Convention.!> The Santa Fe Convention
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presents a technical and organizational framework designed to facili-
tate the discovery of content stored in distributed e-print archives. It
makes easy-to-implement technical recommendations for archives
that-when implemented-will allow data from e-print archives to be-
come widely available via its inclusion in a variety of end-user ser-
vices. Authors can make electronic documents available to a global
audience by submitting them to e-print archives. Interoperability is
achieved by use of the following methods:

1. Specifying the protocol to harvest metadata from participating
archives;

2. Specifying what criteria will be supported to selectively harvest
desired metadata; and

3. Use of a common metadata format for supplier archives to use
when responding to harvesting requests.

The representatives of existing archive initiatives at the meeting, as
well as those from institutions that are in the process of setting up
archive initiatives, agreed to comply with those guidelines.

Beyond the basic goal of accessing multiple archives as one collec-
tion, the term interoperability also implies other capabilities that use
discovery tools on virtual collections.!® At a high level, value-added
services that support discovery and personal alerting, rich dynamic
linking, reviews and notation, and metrics that feed recommendation
systems and citation analysis can be envisioned. Rather than requiring
each archive to create and support such capabilities, the Santa Fe
Convention adopts the free market system. Any service provider is
free and able to develop enhanced capabilities, allowing a competitive
market to drive improvements.

CONCLUSION

The major achievement of the Santa Fe meeting is the agreement
among a core group of pioneers and implementers to use cooperation
to facilitate the further development of a broad e-print community.
Serious consideration has been given to lowering the financial barriers
that might preclude new participants in an effort to build momentum
and wide adoption of publishing alternatives.

With the growing use of e-print archives, we are witnessing a transi-
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tion phase from the old model of formal scholarly communication to a
rapidly evolving hybrid. The new electronic medium provides an op-
portunity to reconsider many aspects of the current research commu-
nication process and the roles each of us play. It is an opportune time
to experiment and rethink the assumptions that underlie our systems.
Ginsparg believes “we should take advantage of this opportunity to
map out the ideal research communication medium of the future. It is
crucial that the researchers, who play a privileged role in this as both
providers and consumers of the information, not only be heard but be
given the strongest voice. In particular, we need to dislodge definitive-
ly the curiously prevalent notion that the future electronic medium will
strictly duplicate, inadequacy for inadequacy, the current print me-
dium.”17 I submit it is equally crucial for librarians not only to chime
in with strong voices, but to rethink our vision and roles. And after
having done that, to provide creative leadership during this transition
phase.
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