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1. THE COMMUNITY CALL

Over the past several years, science educators have repeatedly called for an information system that can effectively deliver quality educational materials in formats that are easily accessible, with a high degree of confidence that the materials will be useful, interesting, and effective (National Science Foundation 1996). During the past 18 months, the Earth system education community has organized and begun development of the Digital Library for Earth System Education (DLESE). This community effort has its roots in a number of educational, social, and scientific priorities, including:

· The national demand for improved science, mathematics, engineering, and technology education at all levels;

· The recognition of the training required for instructors and students to effectively use scientific information, methods, and tools;

· The strengthening of research-education linkages that will derive from translating new discoveries, information, data sets, and images about the Earth into effective instructional activities;

· The improved personal and societal decision making--in respect to Earth and its resources--that can result from all of the above.


Earth-system educators and key agency officials at NSF and NASA have recognized that the convergence of information and learning technologies, the maturation of basic digital library research, and the increasing ubiquity of the World Wide Web in classrooms of every sort has made the implementation of a digital library for Earth system education not only possible, but also timely. In August of 1999, under the sponsorship of NSF and NASA, representatives of the Earth system education community came
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together to institute a governance system and 

an operational arm (the DLESE Program Center) to support the design and development of a community-sponsored and community-owned digital library (Manduca and Mogk 2000).

2. THE DLESE VISION

The vision for DLESE is shaped by its focus on Earth system education, and by the central roles that the DLESE community holds in its design, implementation, and governance. DLESE will serve the unique needs of earth system educators and learners at all academic levels, in both formal and informal settings. Towards this end, the community has envisioned an electronic facility that will provide:

2.1 Rapid, tailored access to collections of peer-reviewed educational materials

Like many of their colleagues, Earth science educators have been frustrated in their attempts to easily find high quality teaching resources, appropriate for their teaching style and educational level on the Web. In addition, both NSF and NASA have spent a considerable amount of money over the past decade to develop educational materials that currently do not receive wide dissemination. We are addressing this resource discovery challenge with a major effort to create metadata schemas, controlled vocabularies, and cataloging ‘best practice’ recommendations that are informed by community participation (Ginger 2000). 

2.2 Interfaces and tools for educational use of geospatial materials and Earth data sets

Although there is currently a wealth of Earth data on the Web, much of it is difficult for educators to use. We envision student-friendly access to a wide variety of archived and real-time data sets. Tools and interfaces to enable exploration of the data, and educational materials developed to enhance student interaction with the data will also be integral parts of DLESE holdings. A typical community-generated use scenario illustrating this aspect of DLESE is shown in Figure 1.

2.3 Services for material users and creators

DLESE holds as a central operating principles both building and serving its community. Critical to this vision are a full array of digital services (e.g., listservs to support special interest groups (SIGs), such as urban geology) and human-mediated services (e.g., working with educators at our Annual Leadership Workshop to incorporate DLESE into their classrooms) for both users and contributors to the library. 

2.4 A community center to facilitate community development and collaboration

DLESE will serve as an intellectual commons for the global Earth system community. It will be the primary contact for educators, learners, and citizens who seek reliable information about the Earth and best practices for promoting learning about the Earth. 

2.5 A federated collection of holdings
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The library will comprise a distributed set of holdings that encompass resources created by individual educators as well as collections maintained by large institutions. These distributed resources will be complemented by a small, centrally managed core collection. Therefore, DLESE is being designed from the beginning to support resource discovery across a diverse, federated network of holdings and collections. As shown in Figure 2, an educator looking for resources in DLESE will be able to search holdings as diverse as the Alexandria Digital Library (ADL) (Smith and Frew 1995), NASA education collections, the DLESE core collection, and other holdings that have been cataloged and indexed as part of the overall DLESE collection. 
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Figure 2. DLESE Architecture Schematic 
3. DLESE COMMUNITY FRAMEWORK

We recognize that DLESE is a significant undertaking, and that our library building effort is as much a social experiment as it is a technical challenge. Central to all decision-making is the acknowledgement that the library will not be successful unless it maintains a high level of community buy-in and ownership. Because of this, we have established both a community participation framework and a participatory design process that emphasizes inclusiveness and promotes a process of cultural change (National Science Foundation 1996). The DLESE Participation Framework (Figure 3) can be viewed as the intersection of three primary functions: policy, operations, and community. 
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Figure 3. DLESE Participation Framework

3.1 Policy Making
Critical to the construction and management of DLESE is a governance structure that supports wide involvement in policy decisions, and in which all constituencies are well represented and can contribute as equal players. The DLESE Steering Committee, whose members are broadly representative of Earth science education in K-16 and informal education, sets library policy. The Steering Committee is responsible for the overall guidance of the library, including the articulation of a common value system that defines the nature of DLESE as a federation. The Committee is informed by several Standing Committees, one each for Collections, Technology, Users, and Services, all reflecting the diverse needs of the community DLESE seeks to serve and engage. An example of the policy-setting process in DLESE is the Collections Policy. This document, which defines the scope of the DLESE collection, has been developed and refined by the Collections Committee, with broad-based community input.

3.2 Operations and Management

The DLESE Program Center (DPC) performs key operational functions for the library, and is headquartered at the University Corporation for Atmospheric Research (UCAR) in Boulder, CO. The mission of the DPC is to support the community in the distributed library-building process. Critical activities now underway at the DPC include the development of the DLESE system architecture and user interface, and the establishment of standards and protocols for metadata and interoperability. Over the past year, the DPC has worked with the community to better understand the technical and social requirements for DLESE through working groups. These groups (comprised of community members and the DPC staff) solve specific design or development problems, and support the Standing Committees in crafting policy. 

3.3 Community Development

A third, and crucial, leg of the DLESE framework is the community. Community outreach is a continual process. An informed and engaged community is central to the notion of participatory design; as the community shapes the conditions of library use, they are subsequently better positioned to influence policy decisions (National Science Foundation 1996). DLESE supports a culture of library users as library contributors. Community members have contributed use scenarios and educational resources, developed review criteria for the collections policy, reviewed metadata standards, and agreed to serve on review committees for resources. They have articulated policies for academic recognition and intellectual property. Our ongoing challenge is community education and engagement, and the creation of the tools and support services that will enable the community to act as informed participants and contributors. 

Accomplishments over the last year include significant community engagement, establishment of a governance mechanism, and progress towards collections development, metadata schemas, cataloguing tools, an overarching DLESE architecture, and a Web-accessible, graphical user interface, accompanied by initial usability research and testing. We believe that the DLESE framework, with its emphasis on community participation and iterative design, can serve as a model for the National SMETE Digital Library (NSDL) and other efforts to capitalize on advances in digital library technologies. 

4. CONCLUSION

A hallmark of DLESE is its grass-roots foundation and the energy of its community participants. This characteristic, in addition to the breadth of its vision and the emphasis on participatory design, positions DLESE to be a true agent for change in Earth-system science education. 

As the library grows and matures, DLESE will face the special demands of scalability and sustainability that invariably accompany such ambitious efforts. Our hope is to address these demands by effectively harnessing the incredible energy of the Earth science community and simultaneously exploiting technological advances, such as computer-enhanced indexing of digital materials. Just as the Earth system approach provides unifying principles for understanding interactions among the many components of the Earth system, we hope that DLESE will facilitate interactions and cultural change that promote the integration of research into education, reflection on and improvements in teaching processes, and ultimately, enhanced understanding and stewardship of our earth. 
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Figure 1. Example of a use case.
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