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1. Introduction: transforming the way to learn





Competitive information services and changing role of traditional libraries





In a world in which information forms the basis of economic wealth, it is noticeable an increased demand for all sorts of information goods and services [HESD00]. Demand rises because knowledge can lead to prosperity. Now as never before the investment in lifestyle and money which individuals are willing to make in acquiring education and information increases. In such an environment, the market for high quality and innovative services for the personal acquisition of information expands. With an expanding market comes a corresponding competition for market share among suppliers





Any organization that undertakes an educational mission in our society is now and will increasingly be surrounded by alternative information service suppliers. The alternatives may come from the not-for-profit sector. Examples of new reliable sources of information services include individuals who mount high-quality information and tutorials on the web for free, traditional not-for-profit organizations like the university in a neighboring region which has a better library or a higher ranking in one’s chosen field of study, or not-for-profits who have perhaps reorganized into a profit mode for non-primary clientele.





It is even more likely that alternatives may come from the for-profit sector. Commercial entities


are now seeking new opportunities to increase their products and services. Traditional publishers   like Prentice-Hall [PRHALL]  are beginning to offer their digital texts online direct to purchasers whereas   before they sold only to libraries or through bookstores. Publishers such as Pearson Education [PEAEDU]  offer teaching support materials for lecturers and online self-assessment materials for students. Entirely new services like Questia SM [QUESTI]  are emerging that offer direct to individuals online research tools, such as bibliography and citation creation tools, along with XML-encoded full texts of scholarly information for a subscription fee. Companies such as Smarthinking [SMARTH] offer information services, i.e., assistance with writing term-papers and real-time tutors, direct to   individuals regardless of the college in which they are enrolled.





In this "competitive space," the role of the traditional library as the primary aggregator and purveyor of content to its community is less and less unique. Local collections and staff are no longer the only source for information services to serious learners and support for faculty in their research and teaching. 





Users in the changing educational information environment 





It is important to analyze characteristics of users who are going to be making significant choices


within this new information service space.  Starting with the students, one of the most important characteristics   to note is that of preferring to be self-sufficient in their information gathering.


It seems that users are beginning to perceive the library as something used at the end, or at best the middle, of their information search. This has important implications for the education programs, as well as for understanding of how those users who come to the library decide to do so. They do not come to the library first for the problem definition and information gathering phases. They prefer to dive into the problem alone first rather than coming to the common space.





Users want control of their own information environment. It is important to them to have some


items owned for convenient personal consultation. They prefer to use a private good rather than a common good if they can. Users don’t want to be dependent on anyone else if they can afford (in terms of both time and money) not to be. The convenience factor and the value added by the functionality of the service itself will be key in how choices about service providers are made.





The amount of information used in one’s professional work that is available openly on the Internet is dramatically greater than it was in 1990. The user’s impression is that the information available free on the Web is the information that gets used. If students do need to ask a person for information help, they go to a friend or co-worker because that person already has an understanding of that person’s context for either the problem or their level of understanding. 





Due to the characteristics described above people are ready to pay for ubiquitous, convenient, fast, and customized information access. 





Faculty also want control of their information environments, especially for teaching. Course management software packages are proliferating on campuses, as Donald Beagle pointed out in a recent C&RL article [PACK00], as part of a larger academic agenda to address the need to support information technology in both distance education and campus-based learning. Libraries have an uncertain role in web-based learning environments.





A second change in learning environments is that of a greater emphasis on the public scrutiny of


teaching and learning. The quality of someone’s teaching is no longer a personal matter or


departmental matter. Faculty behavior in the classroom is brought out of the dimension of a personal contribution, to a service that is evaluated for its quality, just like other services.





Towards common courses 





Another change in the learning "commons" has been brought about by university administrators who may assert university ownership over the development of courses designed to be offered over the web. There is great concern on many campuses about faculty being allowed to teach courses they have designed for online delivery for other universities. University counsel staff asserts university ownership of online courses having  been developed using university infrastructure, like computing centers and library materials. One of the reasons to assert such ownership is because  faculty paid at one institution should not be assisting another institution that may offer a cheaper charge-per-credit-hour for its students -- a claim of unfair  competition. Therefore, faculty courses, especially those offered over the Web, are on the verge of being considered no longer as "shareware". Course content is intellectual property that has competitive value for the institution.





Learning as a lifetime activity





The Web is driving huge changes in the stakes for librarians, learners, and faculty alike as they work in their established not-for-profit "common space". Expectations for how services are offered and delivered to individuals are changing profoundly. Librarians will have to respond to shifts in higher education that move the entire institution toward greater involvement in corporate-university partnerships, increased outsourcing, and promotion of commercial services and products for both the professoriate and students.





These are just few trends characterizing new requirements imposed on the knowledge industry in partnership with librarians and educators to provide adequate changes in information infrastructures and education methods to support learning as a lifetime activity.











DL in education as a way out





One of the natural responses to the above challenges consists in introducing  the digital library for education as a learning environments and resources network [SLRM01] , that is: 





	designed to meet the needs of learners, in both individual and collaborative settings; 





	constructed to enable dynamic use of a broad array of materials for learning primarily in digital format; 





	managed actively to promote reliable anytime, anywhere access to quality collections and services, available both within and without  the network.





The digital library must not be seen as merely a digitised collection of information objects plus related management tools, but as an environment bringing together collections, services, and people to support the full cycle of creation, dissemination, use and preservation of data, information, and knowledge. The challenges and opportunities that motivate advanced DL initiatives are associated with this view of the digital library environment. Work on digital libraries aims to help in generating, sharing and using knowledge so that communities become more efficient and productive and the benefits of collaboration are maximised. It seeks to aid existing communities and to facilitate the emergence of new communities of research and education.





Introducing Digital Libraries into the education process was well prepared by distance education [DELO00] that is being developed by years. With the Internet and the web distance education programs can mount sets of materials on web servers to support each course. The range of materials that currently are in digital form is great. In some disciplines enough materials are available with open access so that students already have access to broad collections. Digital libraries can provide adequately broad library services to local and remote students. One of the basic ideas [DELI97]   is to join learning materials on various topics and written by many teachers in a digital library of courseware. Such DL provides a basis for creating courses on specific topics.





Applying Digital Libraries in education has the potential to drastically change fundamental aspects of the classroom [WTSM99] in ways that could have an enormous impact on teaching and learning. The DL can be seen as an information space in which students are moving around intellectually, encountering new information, and working with the teacher and other students to make sense of what they encounter. A DL typically includes textbooks, curriculum materials, artifacts (such as charts, physical samples, and equipment), enrichment books, and the


teacher’s own personal collection of teaching tools. Taken generically, this space has been


constituted over the decades to include the content required for teaching a sanctioned subject to


high school students. The texts may be carefully designed and written, and the entire space is


designed to bring students into the discipline that the class represents. Thus students can be exposed to only the best products of the human mind, that the content of education should be carefully evaluated and filtered to include only the most worthy. 





DL changes the possibilities for the education information space. Boundaries are expanded to include not only canonical versions of the subject, but other products put into DL. The DL content can be better controlled than that of the Web.  Instead of being carefully designed to help students learn, content on the Web is varied and unpredictable in its design, and, some argue, motivating and interesting to students.  Web sites can be complex and confusing or deep and significant. The quality, quantity, and substance of information available in the classroom teaching and learning space may become vastly different once the Web is included. Clearly, there are both positive and negative features of the new space opened up by the Web. In fact, positive and negative characteristics of traditional text-based classroom and of the Web can be seen as mirror images of each other.





New pedagogical methods should accompany DL as an emerging technology for education. to reach the compelling vision of the education expressed in [ACRA98] : 





«Any individual can participate in on-line education programs regardless of geographic location, age, physical limitation, or personal schedule. Everyone can access repositories of educational materials, easily recalling past lessons, updating skills, or selecting from among different teaching methods in order to discover the most effective style for that individual. Educational programs can be customized to each individual’s needs, so that our information revolution reaches everyone and no one gets left behind».





[ACRA98] reported that «in education, information technology is already changing how we teach, learn, and conduct research, but important research challenges remain. In addition to research to meet the scalability and reliability requirements for information infrastructure, improvements are needed in the software technologies to enable development of educational materials quickly and easily and to support their modification and maintenance. We know too little about how best to use computing and communications technology for effective teaching and learning. We need to better understand what aspects of learning can be effectively facilitated by technology and which aspects require traditional classroom interactions with the accompanying social and interactive contexts. We also need to determine how best to teach our citizens the powers and limitations of the new technologies and how to use these technologies effectively in their personal and professional lives».





«Access to and use of IT, particularly in educational settings (K-12 as well as higher education), is a prerequisite to building the skills base that will allow our citizens to function productively in the information society of the next century. It is also a critical stepping stone for instilling interest and developing the skills of the budding IT researchers who will be essential to sustaining our national research capabilities».





It was predicted that «the Nation facing an impending crisis in preparing workers to be productive in an economy that is increasingly dependent on IT. Although the use of computers in education is increasing at all levels, and computer literacy is increasing dramatically across the country, too little percentage of the population are entering or receiving necessary re-training in the computing, information, and communications professions. Market forces alone will not correct the problem. The government must do more to help educate and re-train people in these crucial fields and to bolster the academic pipeline from elementary school to post-graduate study».





This and other analyses gave rise to various research and development programs for digital library technologies in education (DLE) over the world planning specific research areas, including [NSF996]:





	preservation and archiving of digital scholarly information, including technology and procedures for long-term information asset management


	utilization of digital libraries in educational technology at all levels of instruction electronic publishing and scholarly communication technology, including


	collaboratories, online repositories, and new methods of organizing scientific knowledge distribution.





In the following sections of this report an analysis of the state of the art reached in the area is undertaken, including guiding principles of DLE development,  DLE accessibility and sustainability, DLE services, issues of  community formation  around DLE,  DLE social foundations, as well as major projects being developed in the field such as NEEDS, IMS, SMETE, DLESE,  SCHOLNET and CYCLADES.





2. DL of educational resources and services





"The network is the library"[SLRM01] In a library, be it digital or analog, the essential transaction is the same: a user interacts with content. But richer interaction is possible within  the digital environment not only as more content is put within reach of the user, but also as more tools and services are put directly in the hands of the user. These include the ability to search, refer, validate, integrate, create, customize, publish, share, notify, and collaborate, to name but a few students, teachers, faculty, and those pursuing continuing education will "connect to learn"; but they will also "learn to connect", as they leverage their participation with other users of the library and its resources. 





By networking users and content with tools the digital library enables three chains of support. First, users supported by profiles enable the formation of learning communities. These can be communities of one or they may be communities of thousands; and they may be short-lived communities born of immediate needs, or they may grow into persistent communities. However, an important concern to acknowledge is the potential loss of privacy, which must be balanced against the potential gain in personalization of a user's experience. A  second chain of support closely related to the first is that content supported by metadata enables the formation of customizable collections  of educational objects and learning material. These collections may target an individual or they may target a community; and they may learn  and adapt to the behavior of their users. Finally, tools supported by common protocols or standards enable opportunity for the development of varied application services that enhance the value of the library's content for the learner. 





The following long  range objectives are formulated for DLE by Tom Kalil (The White House)


[SLRM01]:





	Life-long Learning


	Learning Anytime Anywhere


	Distance Learning Demonstration program


	Government as «model user» of technology-based training





For these objectives, a number of intermediate goals are formulated, such as:





1.	Improve student performance


2.	Get more students excited about science 


3.	Increase the quantity, quality and comprehensiveness of Internet-based science educational resources


4.	Make these resources easy to discover and retrieve for students, parents, and teachers


5.	Ensure that these resources are available over time








In the high school studies it is stated [SLWSJ98] that the Internet has the potential to transform highest level of education, but only a  fraction of that potential is now being realized. Some of this gap lies in the maturation process that is part of any transition, but a larger part is the result of fragmentation. Resources of great value are not being used because students and  faculty do not know about them, or do not know how to use them.  





While great efforts have been placed on creating materials, less attention has been given to organizing them, maintaining them in the long term, helping people find them, and training people how to use them. For example, a faculty member who is planning a course has only the most rudimentary tools to discover what materials are available or whether they have proved effective in other courses. A student who is researching a topic is forced to choose between general-purpose web search services and commercial databases designed for scientific and technical research. Neither faculty nor students can safely rely on resources that might be withdrawn without notice, or change subtly overnight.





DLE is envisaged as a comprehensive library of the digital resources and services that are available for education in science, mathematics, engineering, technology and other disciplines. The key word here is "comprehensive". Faculty are very specific in wanting a single place where they and their students can discover, use, and possibly contribute a wide range of materials.





DLE is considered as a federation of library services and collections that function together to create a digital learning community. Organizationally, DLE will consist of a small central operation with a wide range of partners. Some of the services and collections are already well  organized; for these, DLE will act as a gateway. Others exist but are poorly organized; for these, DLE will stimulate the creation of specific services. Some materials are fragmented, unorganized, or hard to find; in these cases the DLE will build library services and may even manage specific collections. Across all these areas, DLE will provide tools to help faculty and students find and use materials, with services to assist them in  evaluating quality and appropriateness.





DLE will take a broad view of science and technology, and of scientific education. The primary audience is faculty and undergraduate students, but there is no hard distinction between the needs of high school students, undergraduates, and graduate students, nor between students in formal programs,   independent learners, and the general public.





DLE should have a variety of financial models for access to the materials; some content will be free of charge while other materials will be available on a commercial basis.





The range includes curricula and courseware materials, lectures, lesson plans,  computer programs, modeling and simulation, intelligent tutoring systems, access to remote scientific instruments, project-based learning, tools, the results of educational research, scientific research reported both formally in journals and informally in web sites, raw data for student activities, and multimedia image banks. DLE should provide services for authors and instructors such as annotation, evaluation, and peer review of donated materials. For students and faculty, it will offer the capability to search for desired information by subject area, to have access to scientific data sets, to interact with peers, to provide archiving, lcation-independent naming, recommender systems, selective dissemination of information, copyright management. Faculty, students, and other clients such as independent learners will be able to participate in forums. Interdisciplinary activities, lifelong learning, and the process of education will all benefit. In this way, the DLE will be much more than the sum of its parts, and will promote change and innovation in scientific and technical education at all levels.





Guiding   principles for the DLE Library are that it should: 





	be driven by educational and scientific needs, 


	facilitate educational innovations, 


	be stable, reliable and permanent, 


	be accessible to all (though not all materials will be free), 


	build on, and leverage past and current work in courseware libraries, digital library research, and successful commercial sites,  


	be adaptable to new technologies. 





DLE is planned to encourage the dissemination of research into educational methods. It will also facilitate the involvement of industry and government laboratories in the educational process. Whereas some universities benefit from guest speakers from industry or government in the classroom, not all schools are able to arrange such visits. The digital library, enabled by new information technologies, would provide a forum for real-time video or voice communication to a wider range of learners. These virtual lectures and discussions could be captured and then added to the library for later access.  





DLE would also facilitate cross-institutional sharing of educational resources. The ultimate goal is the development of a community of scientific and technical educators who use the library for cross-disciplinary and cross-institutional collaboration. Access and discussions with authors and prior users would be possible, along with an archive of past reviews and discussion of materials in DLE. The collections could be annotated and linked to these discussions and reviews.





The digital library also opens the opportunity for students at different institutions to work on joint projects or experiments, perhaps sharing and adding to the same data   set and its analysis. This would also promote physical resource sharing, as students and instructors may have varying access to high-end instrumentation, computational capabilities, data collections, and technology.





The following rationale for DLE in science and math is expressed [SLWSJ98]:





1.	Student performance in math and science is poor and needs to be improved


2.	Today’s Internet lacks the cataloging, organization, archiving, collections management, etc. of a library


3.	The effort to connect every classroom to the Internet will be of limited value without high-quality content


4.	A digital library can be a resource for all population (marginal cost of dissemination is almost zero)





Accessibility [SLWSJ98] as an important property of DLE requires a two-part strategy. The first is that the library should be realistic in its technical expectations. Since accessibility can be limited by a range of factors, including network bandwidth, availability of computers, and costs, the library must be designed to accommodate a wide range of users and be realistic about the technology that they use. However, not all DLE services need be limited to the lowest common denominator of the current capabilities of students and faculty. Technology is improving rapidly, and the library must grow with it.





The second part of the strategy is that the DLE should work vigorously with concerned individuals and organizations, including federal and local agencies, to ensure that all students and faculty have good Internet access. Modern scientific and technical education requires that all faculty and students have computers and telecommunications, with the training to use them effectively.





Sustainability[SLRM01] There are strong arguments for the national digital library for DL education to be a "national treasure" supported as a public good; indeed the frequent calls for open, free access to content are rooted in this view. An attractive scenario for the long-term management of the digital library is to place responsibility in the hands of a non-profit organization.





Ultimately, this begs the question of how creators will be compensated for their efforts. For contributions of "fine-grained" content (e.g., short applet tutorials or simulators) the digital library can offer recognition from peers which would be suitable and important "compensation". Digital rights management technologies also hold promise for identifying usage of and then appropriately providing compensation for content. This would allow the creators and purveyors of content to differentially price and/or repackage portions of "coarse-grained" material that has been disaggregated.  (Some publishers have begun to offer custom runs of selected textbook chapters to professors - a practice somewhat   analogous to that employed by the airlines, which long ago figured out that a filled seat is better than an empty seat.). It has been observed that reconceptualizing information as a service rather than a good offers the opportunity for new revenue streams that can be directed back towards content creators. This view suggests interesting possibilities for the development of new services for users -- available, for example, individually or through affiliation with existing organizations such as  professional societies.





3. DLE Community building issues





Virtual Communities The concept of community  [FCOMDL] can be defined and interpreted in a number of ways. One definition of community is the «dynamic whole that emerges when a group of people share common practices,are interdependent, make decisions jointly, identify themselves with something larger than the sum of their individual relationships, and make long-term commitments to the well-being of the group». Another definition describes community as a cohesive social grouping that includes a sense of membership and ongoing social interaction. Regardless of the specific definition, the notion of community involves a group of individuals who engage in some form of communication through a common bond. These communities may be spatially co-located or they may be separated by large distances. In either case, it has been shown that a community forms out of the common interests of its members ; like-minded individuals who congregate for a common purpose, and share thoughts and information in the pursuit of common goals. The evolution of the Internet has enabled users to connect with communities that would otherwise remain separate, and supports their ability to foster innovative ideas among them .There are an increasing number of on-line activities that have supplemented their physical counterparts, such as virtual classrooms and telecommuting. These advances illustrate the means by which the transfer from physical to virtual communities can occur. The virtual community can actually serve to reinforce the physical community, and just as they would in the physical world, members of virtual communities have expectations of one another based on their institutional and organizational roles . Such roles often require different means of communication, and on-line communication can equalize the roles that members play in a physical environment. Compared to physical communities, on-line communities tend to be more densely knit and have members with more homogeneous attitudes . Physical communities are often formed out of proximity, while on-line communities are typically formed when people actively seek out others for a specific purpose. Two neighbors may live in the same physical community and have very little in common, while any two members of the same on-line chat room probably share strong common interests in the chat room theme. As a result, members of on-line communities may hold meaningful discussions on specific topics with others that are located many miles away. Without the presence of such a virtual world, these personal connections might never occur. One reason that virtual communities are so attractive is that there is a sense of «place» in virtual communities where users have an identity and experience visual cues, much like the physical environment in which they live and interact everyday. Many on-line chat rooms are laid out like a physical dwelling. Users enter into a lobby and proceed from room to room via a hallway. These cues, in addition to advances in technology, have aided the transition from physical to virtual communities in that they help users establish a sense of place. Virtual communities require a means for communication that meets the purpose of the community. Enormous growth of the Internet in recent years has shown that users want communication at least as much as they want information access. As in the physical world, the means for communication will depend upon the needs and practices of the community. E-mail, real-time chat, threaded and linear discussions, mailing lists and newsgroups are examples of on-line communication that connect groups of individuals. Each of these technologies support communication and each have their strengths and weaknesses depending on the needs of the community. For example, in a small scientific community that values collaboration, scientists communicate via informal E-mail, share documents and can build shared bodies of data for their use. On the other hand, for communities that value interpretation, discussion, and re-interpretation of concepts, E-mailed discussions can become confusing and overwhelming. The relationship between people, tasks, and tools is not constant — changing one element will change the other two. To add to the complexity of this issue, research shows that computer-mediated collaboration is well suited to the transmission of information such as opinions and suggestions but is a poor means for communicating issues involving conflict and negotiation due to the lack of visual cues to provide context. Since conflict and negotiation are integral to the formation of learning communities , a form of on-line communication that allows for and encourages negotiation of conflict and understanding must support these communities. One possibility is technology that supports on-line conversations clustered around artifacts such as those found at NEEDS that provide a common point of reference. This type of clustering successfully supports more in-depth on-line conversation.





What models can we build on in designing an on-line learning community for faculty? In education, discussions of learning communities are frequently associated with distance and Internet-mediated learning. Here the focus of the learning activities is defined by the relationship between the instructor and students, and how technology mediates that relationship. Within this framework, learning is described as an active process in which instructors and students must participate, where a «web of learning» is created and knowledge acquisition is collaboratively created. Faculty learning communities, however, differ from this view in several ways: faculty are peers, the purpose of learning is self-defined, and the rewards for learning are more nebulous (e.g., their participation is not graded). Faculty do share several characteristics with students engaged in distance learning. Faculty are not necessarily tied to communities of professionals geographically or by their own campus. Their research and publication activities and their associations with professional societies and organizations connect them to a large set of colleagues with shared interests, values, and concerns with which they communicate regularly. By this communication, they act to create community, and the very nature of these communities is to learn from one another. Analysis of engineering education Web sites showed that no communities looked for currently exist. 





The Internet’s potential, as a powerful communication tool is becoming more and more apparent, as individuals as well as organizations begin to rely on it as a means to communicate information about themselves and services. Because of this reliance, it becomes increasingly important that we understand the importance of the relationship between community, communication, and learning  [FCOMDL]. People seek information by communicating with members of existing and potential communities; they look not only for materials and specific answers, but also for corroboration, new interpretations, and new methods of finding information . It is through this act of seeking information that they learn from their community. Learning, seen as a social phenomenon, depends upon interaction with peers and a shared community of practice, reflected through a common language, set of methods, and perspectives.





As learners, faculty interact with multiple learning communities, in multiple ways, and for multiple purposes. They attend conferences and meetings sponsored by professional societies, academic and government institutions, and industry. At these events they participate in formal and informal discussions — all of which are critical to their ability to meet their professional obligations. Faculty as members of disciplinary professional societies focus on innovation in their areas of expertise and research; they participate in various organizations and annual conferences that are devoted to promoting learning about innovations in teaching, and they attend meetings regarding both. Faculty report that they highly value opportunities to connect with colleagues within their field and related fields as necessary to learn about and discuss shared concerns, generate new ideas, and create new ways of doing things. In short, they are describing communication within a set of communities from which they learn about their research, teaching, and learning. The communities described by faculty however, need not depend only on meetings or conferences which are defined by time and location, and can be fleeting and/or sporadic. Computer-mediated learning communities offer faculty the opportunity to develop and maintain long-lasting communities, focused on particular issues, with the ability to share thoughts, conversation, and information instantaneously across vast distances .





Potential DLE users  [SLFJ99] spanned all age and education groups (K-12, community colleges, 4-year colleges/universities, graduate research universities, and lifelong learning). Subsets of individuals in this group were identified as students, faculty, professionals, and other.





Communities of individuals to interface with the digital library should consist of providers (authors and support individuals) and users. It was agreed that the community structure be multidimensional in order to service the multifaceted user community. Incentives to both the providers and users must be inherent within the system. The system must have a dedicated support system. Lastly, there must be benefits (short and long-term) to the providers and users in order to ensure the library is used and is allowed to evolve through the dynamic provider/user interface.





Online tools for the evaluation of student learning are needed in the digital library to assess the use of the library. Additionally community (user) feedback is an important issue. It is important to have tools to measure how the digital library experience was incorporated into the learning experience and tools to allow the quantitative use of the library.





Means for faculty to learn from one another about methodology of education via a digital learning community should also be provided unconstrained by barriers of time, distance, technology, and geographic location. The digital learning communities  are being formed (NEEDS) around the premise that faculty prefer to learn in situations where they are a member of a community that is built upon shared values and interests regarding teaching, learning, and pedagogy. 





Developing a Learning Community on the Web Experience of NEEDS (National Engineering Education Delivery System, see next section) reached in forming a learning community deserves an interest. Currently, NEEDS catalogs and disseminates courseware and other instructional technology developed nationally and internationally to provide a resource for both instructors and learners to search, access, and download educational materials. NEEDS has author-assisted cataloging features for adding materials into NEEDS that are consistent with library cataloging standards and include a basic review of the courseware as it is cataloged. Each metadata (bibliographic) record describes the pertinent information about the courseware in the same manner that traditional on-line public access catalogs provide information on books (i.e., title, author, publisher, subject heading, keywords, etc.). A user can search for courseware, view the metadata record that describes the courseware, and if available, download the courseware for their use. Materials held in NEEDS are diverse — content ranges from single topics that can be covered in a few minutes to fully integrated, term-long courses.





NEEDS has evolved to a focus on developing and serving a community of users, building on the prior work in cataloging and disseminating courseware. This evolution emphasizes interactivity and learning with the goal to connect like-minded users in engineering and the sciences, in order to encourage user-to-user communication and community building. In this new approach, users will have a wealth of services available to them in addition to a collection of educational software and learning resources. Ultimately, services will allow all users to search and retrieve a set of resources based on particular pedagogical methods and content-based concepts within engineering and the sciences, e.g., teaching «teamwork» or «freshman design», in contrast to only retrieving specialized pieces of software for a particular application, such as a specific module for teaching «dimensioning and tolerancing in engineering drawings». Users’ search results may include discussion topics, user comments, and instructors' guides as well as the educational software itself and related audio and video elements. In this community-centered approach to a digital library, faculty and student users will be able to discuss various concepts using a form of threaded discussion, as well as to comment on, and review the educational courseware contributed by various developers. They will be able to connect to a network of other faculty and courseware developers and engage in a dialogue on teaching and learning in their fields. Faculty will have a peer-reviewed source of information on the various ways to educate students on the fundamentals of engineering and the physical sciences. Collaboration will allow faculty members that are at a distance to assist one another in restructuring their curricula. The NEEDS site provides an organized, efficient, and convenient way for faculty to gather materials based on a particular topic and to see what colleagues have contributed in the form of critique and discussion. The learning community itself serves to bring this diversity of faculty learners into a dialogue. People seek information by communicating with others in their respective communities and they look for corroboration and new interpretations of existing information, as well as traditional materials and specific answers. Such corroboration has the potential to enrich the learning processes both for the faculty themselves as learners as well as the students whom they teach.





Threaded discussions — sometimes referred to as on-line forums — are being integrated into NEEDS as one way to build community among faculty users of NEEDS. Threaded discussions were chosen as they are better suited for contextualized conversations requiring a structure for questioning, answering, and commenting on complex topics. They allow in-depth interactions along multiple, parallel, or interrelated topics or «threads», and control over the frequency and time of the interactions.





4.   National Engineering Education Delivery System Project (NEEDS)





NEEDS — The National Engineering Education Delivery System [NEEA99]  (see also www.needs.org) — is the distributed architecture developed by Synthesis: A  National Engineering Education Coalition (see www.synthesis.org) to enable new pedagogical models based on Internet-mediated learning environments [SYNTHC, MMDLCW]. The emergence of the World Wide Web (WWW) in the early 1990's as a viable means for national and international sharing and re-use of education materials fundamentally changed a view of the way education and learning can be delivered. Internet-mediated learning environments provide mechanisms for the learner to be anyone, anywhere, at anytime. NEEDS has expanded its scope and currently catalogs courseware and other instructional software developed nationally and internationally to provide a resource where both instructors and learners can search, access, and download educational materials over the World Wide Web. In addition, NEEDS supports a multi-tier courseware evaluation system including a national award competition — the Premier Award for Excellence in Engineering Education Courseware [REVWCW].





NEEDS' vision of what a digital library for undergraduate engineering education should be is more than just a traditional academic library in digital form. The digital library of the future will be a community of learners — encompassing faculty, students, and life-long learners.





NEEDS goals include:





1)	Maintain NEEDS as a service to the engineering education community, expanding cataloging efforts and viewership to all U.S. Colleges of Engineering. 


2)	Continue to grow and evolve NEEDS as the foundation for an on-line  engineering education community — adding user reviews, feedback to authors on dissemination and use, discussion tools, and improved indexing for engineering education. 


3)	Expand review and evaluation services to improve the quality of engineering education courseware. 


4)	Serve as a bridge towards the development of a broader program to support the Science, Mathematics, Engineering, and Technology Education (SMETE) community as a whole.





NEEDS uses a robust structured query language (SQL) relational database to  store and index courseware records. The underlying framework for these courseware records is based upon a standard library format for indexing and storing documents (USMARC). The USMARC standard helps to apply a wealth of cataloging experience gained in the library community. Key to continued success is evolution, which currently includes adoption of the metadata descriptors developed by the Educause Instructional Management Systems (IMS) project.





Materials indexed and searchable through NEEDS are diverse — content ranges from single topics that can be covered in a few minutes to fully integrated, term-long courses. One of the most powerful concepts supported by NEEDS is courseware modularity, in some cases NEEDS catalogs courseware as well as the individual elements (e.g., images, videos, and text) that comprise the courseware. Courseware elements provide a vehicle for continued re-use of content material beyond the lifespan of any particular courseware module. These elements can be used as is, or distilled from multiple sources and joined together to create new, customized courseware. The modularity supported within NEEDS is seen as a major enabling technology for fostering educational material adaptation and re-use.





Courseware cataloged in NEEDS is acquired through a Web-based interface. Authors and other submitters are able to add materials to NEEDS in the same fashion that learners can access those materials, anytime, anywhere. Consistent with library cataloging standards, a basic review of courseware is performed as it is cataloged. This review is provided to insure that the courseware record has certain required fields — e.g., a title, author, publisher and platform (e.g., PC, Mac, or WWW); to perform a standard check for viruses; and to verify that the program can be operated on the intended platform(s). This basic functionality check in place of forced editorial oversight is used before courseware archiving; the lessons learned are that it is counterproductive to introduce too many barriers to the cataloging process. Instead the review systems to evaluate courseware once archived in NEEDS have been developed . 





Quality Review of Courseware The Quality Review of Courseware effort was developed to advance the field of technology-enhanced learning review as well as continually raise-the-bar for excellent courseware. The first step in developing a review procedure was to examine existing schemes of software, courseware and paper review and adopt those aspects that were deemed most appropriate for a  rapidly changing environment of courseware creation, in particular, and multimedia technology, in general.  





Evaluation Criteria for Engineering Education Courseware may include: 1) Instructional Design; 2) Interactivity; 3) Cognition; 4) Content; 5) Multimedia use; 6) Instructional use/adaptability; 7) Software Design (Engagement; Learner interface and navigation; Technical reliability); 8) Engineering Content (Accuracy of content; Organization of  content; Consistency with learning objectives). 





NEEDS solicits courseware from engineering educators via the website,  conference and workshop presentations. The procedure requires submitters to address the review criteria directly and to respond to the following: 





	Describe the impact of this courseware. For example, what topic areas are covered in the courseware? How and where has the courseware been used? In a lab or lecture section? At a different institution? In different departments? How many learners have been impacted by the courseware? A single class? An entire department? 


	Describe how the courseware is used by a learner. Include pedagogical objectives, learning goals, lesson plans, instructor's and user's guides, etc. 


	Describe the evaluation and assessment performed to assess improved student learning through use of the courseware. For example, how was student learning improved? How was student learning measured? Was some process/product (e.g., report writing, test scores, etc..) measurably improved? 


	Provide Letters/Statements of Reference. These letters/statements should be by instructors other than the author(s) that have either adopted or adapted the courseware for use in their own classroom. Ideally one or more of these instructors will be at a different institution than the author(s).





The success of NEEDS as a service depends not only on the development of a critical mass of content, but also on the development of a critical mass of  viewership. The development of an on-line community — consisting of developers, adapters, adopters, interested parties and learners of the content made available through NEEDS — provides the means of sustaining NEEDS as a resource. The content continually draws the user back, and stimulates discussion among community members regarding adoption and adaptation of existing courseware, leading to new courseware development and courseware acquisitions. 





Even limited to engineering education, the volume is enormous. NEEDS is developing a new vision of a digital library to serve the engineering education "community." By forming a community of learners, it becomes possible to leverage the personal expertise of its participants to help the community-at-large organize, describe and locate the appropriate resources. The addition of user reviews, support materials and discussion tools add a strong, community-based support system to further promote the adoption and adaptation of courseware.














5.  A National Digital Library for Science, Mathematics, Engineering, and Technology Education  (NSDL)





To stimulate and sustain continual improvements in the quality of science, mathematics, engineering, and technology (SMET) education, the National Science  Foundation (NSF) has launched the National Science, Mathematics, Engineering, and Technology Education Digital Library (NSDL) program [SLRO00]  The resulting digital  library is intended to serve the needs of learners belonging to a broad user audience – K-12 to undergraduate, graduate, and life-long learning -- in both formal  and informal settings. Envisioned as the premier portal to current and future high-quality SMET educational content and services, this virtual facility will enable seamless access to a rich array of interactive learning materials and resources, distinguished by the depth and breadth of the subject matter addressed, and valued   for its authority and reliability. Initial development of the NSDL program began in late 1995.





This program is in a good correspondence with the Interim Report of the U.S. President's Information Technology Advisory Committee [ACRA98] offering a compelling vision of education system of the near future cited in the Introduction.





To give an intuition of NSDL objectives and possibilities, in [SLMO98] the user scenarios for NSDL  are defined as follows.





·	A mathematician is preparing a module on adding two sine functions with the same frequency but different phases. She wants her students to appreciate the importance of this work for studying interference and would like some material written by a physicist that includes an interactive Java applet. A library search leads her quickly to the Ripple Physlet, one of many excellent resources available at WebPhysics at Davidson College http://webphysics.davidson.edu/welcome.htm 


·	This physlet is designed to show wave interference effects. Click edit and then drag the sources to change their location. Then click calculate to restart the simulation. This much of the scenario is easy. This applet and a number of other neat physics applets are available now at   http://webphysics.davidson.edu/Applets/Applets.html. Although a Web search would be likely to take considerably longer than a Library  search would, with perseverance, one can find resources like this. 


·	Now the scenario becomes more interesting. The same mathematician is teaching the same course two years later and wants to use the same materials. She logs on with some trepidation. She has upgraded to new hardware, new software, and a new operating system; she remembers earlier experiences with broken links and disappearing sites. She does have the DOI or digital object identifier for the ripple applet and she knows that a DOI is associated with an object itself rather than its more ephemeral location like a URL. 


·	She types in the DOI, -- "Eureka!" There it is -- and it still works. Furthermore, a window pops up reporting that this applet has been reviewed in several different publications and that several people have published electronic papers discussing how they've used it in their classes. She even sees a link to a short article she wrote reporting on her own use of the applet. 


·	A high school physics teacher is looking for some interactive material on electrical circuits and Ohm's Law. A library search leads her to exactly what she wants at  http://zebu.uoregon.edu/nsf/circuit.html. Like many high school physics teachers, she also teaches math classes and sees in this applet a nice lead-in to binary numbers. 


·	A student working on a term paper needs information about air quality in Arizona. Going to the library, he finds a wealth of maps like http://www.epa.gov/region09/air/maps/az_pm10.html 


·	A high school science teacher would like to investigate alcohol and driving in his classroom, but he has only limited equipment. He does a library search looking for "hits" whose requirements match the available equipment. He finds several possibilities including http://www.ti.com/calc/docs/act/cbl2_maturo1.htm 


·	A calculus student is studying for a "gateway" exam that will test her ability to do routine differentiation. She wants to work a lot of  problems and get immediate feedback. A virtual librarian who studied calculus the previous semester suggests that she visit        http://www.math.temple.edu/~cow/index.html where she finds exactly what she was looking for. The next day she aces her exam. 


·	A professor of Botany has a great idea for a new course. Before beginning to write a grant proposal seeking funds for his idea, he visits the library and discovers that his idea is not entirely new. Several courses have been developed based on similar ideas. He finds materials for those courses, and he finds reports of other professors' experiences with the courses. He introduces himself via email to several people who have worked on related ideas and arranges to have lunch with three of them at a professional meeting. He eventually submits a proposal building on work that has gone before. The proposal is funded and his project is a huge success.





An organizational infrastructure.  The NSDL program [SLRM01] is an unusual program for NSF in that its projects are engaged in building an enterprise much larger than the object of any one grant. Indeed, the success of the program rests squarely on the extent to which the many projects can embrace this collective sense of identity and mission. 





The SMETE Library is not a research project, but it will be greatly strengthened by  a parallel program of research [SLWSJ98]. A continuing program of  research is recommended linked to the SMETE Library. In addition to its programs in digital libraries, the NSF would sponsor research in technology of particular relevance to education, the impact of technology on the learning process, the effectiveness of digital learning communities, and how computer scientists, the library community, and faculty, students, and high school teachers can work together to optimize learning opportunities. However, it is important that these research activities are clearly separated from the implementation of the library itself.





The SMETE Library is a team effort comprising four groups: the National Science Foundation, the SMETE Library central team, the SMETE Library partners, and associated research projects. Each group has a specific and distinct role [SLWSJ98].





Active coordination of the various resource collections and services comprising the national digital library for SMET education requires the support of an organizational infrastructure that is both proactive and responsive[SLRM01] . This is the goal of the Core Integration track of the  NSDL program (see http://www.nsf.gov/cgi-bin/getpub?nsf0155). While there are certainly technical aspects to the development and implementation of such an integrating capacity, there are equally vital social aspects to how this coordination and management is to be  accomplished. It is perhaps useful to liken the core integrating functionality to an "operational system" for the library network, analogous to the operating system for a computer. For example, issues of interoperability of components (collections and services) and coordination of   protocols and standards across the user and provider base must be addressed. Collections and  services may have a high degree of operational autonomy, but their interoperation will have to be facilitated throughout by coordinated  protocols and standards.  





Social Foundations and  Community-Based Patterns of Leadership in NSDL  It is proposed to begin establishing mechanisms for NSDL governance, for the federation of NSDL Member Libraries/Collections, and for encouraging community-wide discourse [SSOW00], building upon the leadership model that has been employed to establish DLESE, the Digital Library for Earth System Education (Îøèáêà! Çàêëàäêà íå îïðåäåëåíà., more on DLESE is provided in the next section). The DLESE process has formed the beginnings of an integrated community, working collectively to build the library. This newly formed community includes members of the various earth-science disciplines; educators from the K-12, informal, and undergraduate education arenas; digital library experts; librarians; and specialists in educational technology.  Like the groups that will form the NSDL, these groups had little or no history of working together.





The NSDL will be most successful if it can foster an integrated SMETE community for educators and learners at all levels and in all venues [SSOW00]. We believe this goal can be accomplished by leveraging current work within the SMET disciplines--each contributing the knowledge base and skills most pertinent to that discipline—to create a comprehensive library that goes beyond mere aggregation of the individual capabilities. The increasing emphasis across our nation on a strong grounding--for all students--in SMET and their application to human problems requires teaching in a context that is relevant to the student [NSF96139]. Interdisciplinary approaches that transcend disciplinary boundaries are an important tool for this type of education. Educators are also realizing the value of an integrated approach to education and lifelong learning. Such integration requires that educators from all venues work together in new ways. The need for those who train future teachers, in departments of science and education, to work closely with classroom teachers is particularly profound. Thus an ideal NSDL will have social structures that integrate communities of educators and scientists.





In its early stages, the NSDL also will have enormous practical needs. Many groups currently have digital facilities in various states of development, with a variety of approaches and emphases. All have something to offer and much to gain through interaction with the larger NSDL community. Other groups are just formulating ideas for organizing digital resources, and still others have yet to recognize the value of doing so. NSDL can catalyze, integrate and leverage these efforts and ideas with an effective structure for communication, collaboration, and coordination. A social infrastructure for NSDL is planned that will allow the various SMETE communities and the leaders of their digital facilities to: 





	Articulate how their individual needs can best be met by the NSDL effort; 


	Develop a common vision for the goals of the integrated NSDL facility; 


	Develop mechanisms for NSDL governance that foster communication, collaboration, and coordination; 


	Work together broadly on common interests in SMET education.





Core Integration in a Federated NSDL The core integration proposal [SSOW00]  focuses on the social and technical infrastructure to successfully create a comprehensive digital library for science, mathematics, engineering, and technology education (SMETE). The National SMETE Digital Library (NSDL) is considered as the aggregated capabilities of numerous, more specialized digital libraries, focused collections, and other digital resources, referred to herein as NSDL Member Libraries/Collections. Core integration efforts will be to foster and support this alliance of Members so as to achieve a whole that is distinctly greater than the sum of its parts, without excessive or unnecessary centralization. The following factors are crucial: 





1.	Members must participate in governing and directing the endeavor. 


2.	Members must have access to resources and tools that facilitate participation. 


3.	Members must have location-independent means for discourse and collaboration. 


4.	Member Libraries/Collections must provide key services to one another by agreed protocols. 


5.	Members need central services, including support, persistent storage, and authentication.





Technical Infrastructure The infrastructure addresses NSDL-wide issues of authentication, and cross-collection discovery, as well as individual Member issues surrounding collections management, persistent storage, document classification, end-user support, and usage monitoring.





Scalable Information Infrastructure The term information infrastructure is meant to convey the sense that the creation, storage, retrieval and exchange of information needs infrastructure in the same way that automobiles need an infrastructure of roads, service stations, standards, and laws. Information infrastructure [ACRA98] is the interconnected series of telecommunications networks and computer based services necessary for people to communicate, access information and services, work productively, and be entertained. The term scalable information infrastructure is used to emphasize the need for these networks and computer based services to scale - that is, to handle increasing numbers of users, diversity of services, and growing service demands.  Building a scalable and robust information infrastructure is an extremely challenging problem. Many of today’s technologies will not scale and require significant redesigns to handle the huge loads. Presently, there is insufficient funding aimed directly at the challenge of scaling the infrastructure and there are too few computer scientists dedicated to understanding the scaling problem. The broad challenge of scaling the information infrastructure demands precisely the kind of cross-cutting research  - in network modeling and analysis, connectivity, performance of network services, network operations and management, quality of service, information management, reliability, and security - that is appropriately the role of R&D. As the project will depend more and more on the information infrastructure, there is an urgent need to invest in strategic R&D that will ensure the quality and responsiveness that the public expects and that critical applications require.





Various issues influencing infrastructural and organizational decisions are under continuous discussion in frame of the NSDL program [SSOW00]:





	Vision - What will NSDL look like? How would the various pieces would fit together? What are the overarching goals? Are there essential pieces or services needed to foster? 


	Governance Issues – What is the best organization of the joint work ? Is a central governing board desirable or necessary, and if so, what will be its charge? How will the broad range of NSDL interests be represented? How will policy be established, by what mechanism, with what authority to enforce policy? 


	Infrastructure Issues - Given the federated nature of the NSDL, what will the actual architecture of the distributed network look like? Will many gateways and discovery systems be supported to the NSDL or select one? How would the component pieces of the library interoperate and how will this be achieved? 


	Critical Disciplinary Needs - Each discipline brings unique resources, opportunities and needs to NSDL. Where are the common interests among contributors  to NSDL? How will the needs of the individual disciplines be met and leveraged their strengths in the NSDL? 


	Quality Standards - As NSDL is envisioned as a reliable source of quality materials, are common quality standards for holdings necessary or desirable? How to establish and share review criteria for the diverse materials that will be included in NSDL collections? 


	Assessment - How the impact of NSDL can be best assessed as an agent of change in the way educators teach and students learn? What are the impacts on the broader understanding of science by the public-at-large. What formative, summative, and longitudinal metrics should be emplaced to ensure overall accountability of the NSDL to its community and its funding agencies? What assessment is needed of the library as a whole (distinct from that needed for individual Member Libraries/Collections)? 


	Strategic Planning - What immediate and long-term steps should be taken to enhance the viability of NSDL and increase its probability of success? 


	Business Plans and Sustainability - What core functions of NSDL are the responsibility of federal agencies for the public good? What other funding plans, such as individual or institutional user dues, service fees, advertising, or licensing agreements, are appropriate to support either specific sites or the entire NSDL effort? How will NSDL accomodate different business models for different members? 


	Intellectual property - Assuming that the philosophy of "fair and open use" is central to NSDL, what does this mean with respect to current and evolving legal  precedent re intellectual property? How can NSDL best strike a balance between universal access for the public good and the protection and encouragement of creators via intellectual property policies? Is a single intellectual property policy desirable or necessary for NSDL?





Changing roles and future directions   The evolution of the NSDL program and development of the national digital library for SMET education are likely to produce several  trends [SLRM01]. First, the traditional roles and relationships to one another of faculty and librarians are changing on campuses. Faculty, as producers of scholarship that is increasingly "born digital", will need to develop awareness of, if not base level expertise in issues of library management: e.g., cataloging, metadata tagging, and preservation. Library staff are likely to find that their conveyance to the campus of externally produced resources will be balanced by a need to convey to the external world the products of faculty efforts on campus. There may be similar implications for teachers and librarians in the preK-12 sector. If these trends do emerge, then they have important implications for graduate programs, which will provide the next generation of faculty and library and information specialists. Similar issues bear on other informal learning venues. 





The following areas for establishing guidelines are identified [SLWSJ98]: 





	Quality. Promote development of content with high scientific or educational impact. 


	Discovery. Enable users to find content in a collection easily and precisely. Simplify installation and presentation of content. This might include installation instructions with software and hardware dependency information if the content requires more than a standard web browser. 


	Customization. Enable users to change the content to match specific educational needs. 


	Interoperability. Enable content services to share information and common behaviors, such as reporting tracking data in a consistent way or accessing databases of source data. 


	Ease of use. Promote development of intuitive user interfaces. 


	Reusability. Enable users to combine content from different sources. 


	Collaboration. Enable shared application and user-to-user communication. 


	Archiving and stability. Commit to retaining stable versions of materials and not withdrawing them without warning.





These lead to various requirements considered below. 





The SMETE Library should be sustainable, reflect current best practices regarding standards, and be a cost-effective mechanism for enhancing quality education in science, mathematics, engineering and technology for undergraduates on the national scale [SLWSJ98]. 





Conformance In order for the guidelines to be effective, they must be used by as many of the distributed sites of the SMETE Library as possible, but the need to be comprehensive is in tension with the desire for guidelines [SSOW00]


.


Information Discovery and Quality Control Tools and materials will have a major impact on education only when the typical faculty member or student, pressed for time, can quickly locate materials and assess their quality and applicability. The SMETE Library will meet this need by: 





	developing indexes and catalogs, 


	providing standards for the selection and review of library materials, 


	promoting standards and practices for authors of materials.





Reaching All Students NSDL will need to work on all the potential obstacles, including but not limited to [SLMO98]: 





	Hardware and network limitations. Wherever possible content should run on the least expensive feasible platforms. The NSDL might periodically establish "target platforms." By promising users that target platforms would be able to run most library content, this would establish incentives for upgrading equipment. By promising developers that content running on target platforms would reach a larger audience, this would provide incentives for less demanding content. By setting new target platforms once a year, an NSDL would be able to evolve. 


	Human infrastructure. Many of us are fortunate enough to work in environments with good technical support or have dogeared yellow sheets of paper with the names, email addresses, and phone numbers of knowledgeable people. Many potential users, however, lack that support. The NSDL might include "help" services of various sorts including FAQs, email help, and toll-free numbers. NSDL might also provide training services for users who are less experienced with information technology. 


	Limited time. Potential library users can be discouraged by one or two failures or by heavy demands on their time. NSDL  resources should be reliable and user-friendly. Wherever possible resources should be "zero-install" or "turnkey." 


	Curriculum materials. Some of the most promising new curriculum materials are built on powerful but expensive software packages -- in mathematics, for example, computer algebra systems like Maple, Mathematica, MathCAD and DERIVE. There is a huge chasm between students and faculty at institutions with site licenses and those at other institutions. 


	Licenses and memberships.In general, NSDL should be wary of the possibility that site licenses and institutional memberships can exacerbate the gap between students and faculty at wealthier institutions and those at poorer ones. We need to seek and encourage more creative pricing strategies with accessibility and reach as an overriding goal. 


	Cumulative effects of individually reasonable requirements. Many of the resources currently available on the Web have specific requirements that are by themselves entirely reasonable. The cumulative effects of many such requirements, however, can become prohibitively expensive or even impossible. 





A Spectrum of NSDL Libraries/Collections A primary goal of the SMETE Library is to provide integrated and effective access to a wide range of materials, including but going well beyond the types of materials found in a conventional library [SSOW00]. SMETE should include a comprehensive collection of the materials that might be used for education. They include, but are not limited to: 





	Educational materials. On-line courses and course components; application modules; student activities; syllabi of successful courses; tests and assessment tools. 


	Research publications. Scientific and educational research papers; pre-prints;conference proceedings. 


	Tools and resources. Tools for graphing, calculation, symbolic integration, anddata analysis; simulations and animations; images and video; data sets for analysis.


                   


To have a realistically broad set of library/collection types on which to demonstrate our NSDL concept, a small but diverse collection of Collaborators have been chosen to serve as the initial Member Libraries/Collections:





·	The Digital Library for Earth System Education (www.dlese.org) – DLESE is a community-owned and governed digital library for Earth system science. Recently, the DLESE community has established a vision for the library, a governance process to enable community ownership, management and construction, and has begun development of a testbed collection, discovery system, and user interface. The library is being built as a highly distributed, but coordinated community effort. Community coordination efforts and technical oversight are under the auspices of the DLESE Program Center at UCAR. 


·	The Alexandria Digital Earth Project – ADEPT is built on the research and development experiences of the DLI-1 and DLI-2 initiatives, and will provide services to support undergraduate education. The project has: 


1.	Incorporated a large collection with sophisticated spatial metadata 


2.	Developed experience in the crucial distinctions between search metadata and descriptive metadata 


3.	Established a user base with a geographic research focus 


4.	Conducted research and development efforts in "personalized digital libraries" 


·	Windows to the Universe (www.windows.umich.edu) – Windows is a K-12 interdisciplinary Web site uniting the Earth and space sciences with related arts and humanities content. It has a large established user base, tools for managing interactions with these users, as well as tools for managing its collection of materials. 


·	Unidata (www.unidata.ucar.edu) – The Unidata Program (Fulker, PI) is a community-based program that enables scientists and educators to acquire and use real-time data. Unidata brings to this project experience in very large real-time data flows, end-user tools for visualizing large data sets, and an established user base of nearly 200 university departments. 


·	The National Engineering Education Delivery System (www.needs.org) – The NEEDS project operates a digital library of courseware for engineering education. NEEDS catalogs courseware and other instructional software to permit instructors and learners to search, access, and download educational materials over the Web. In addition, NEEDS has an active user community and a history of peer reviewed, on-line educational materials. 


·	Chemistry Education Digital Library Learning Environment – Pending funding, this project seeks to: 


o	Build an innovative architecture of chemistry knowledge, with pilot collection for General Chemistry 


o	Create a user interface based on conceptual maps that provide effective access to the resident collection and collections from other science digital libraries 


o	Begin to build a collaborative user community, which would develop, use, support, populate and govern the Chemistry Education Digital Library Learning Environment 


·	The National Engineering Education Delivery System (www.needs.org) – The NEEDS project operates a digital library of courseware for engineering education. This catalogs courseware and other instructional software—developed nationally and internationally—to permit instructors and learners to search, access, and download educational materials over the Web. In addition, NEEDS has an active user community and a history of peer reviewed, on-line educational materials. 


·	Project Kaleidoscope (http://www.pkal.org/) – PKAL is an informal national alliance of individuals, institutions, and organizations committed to strengthening undergraduate SMET education. PKAL's commitment is to: 


o	Transform the learning environment for undergraduate students in SMET by building institutional teams with a driving vision of how to develop and sustain excellence in undergraduate science communities 


o	Foster public understanding of how a strong undergraduate science community serves the national interest.





NSDL Services The library's services  [SLMO98] are the key to serving the user community effectively. Some services will serve users directly; others will serve collections; and still others will serve other services. The list of services might include, among others: 





	Services serving users directly: Portals or front ends providing access to the library's collections and optimized for different users and different purposes. Multi-dimensional search mechanisms which themselves employ single-dimensional search mechanisms. Users would be able to request a list of hits selected and prioritized on the basis of content, metadata, citations (see, for example  Google), and third-party reviews. 


	Help services for users, including Web-based help and, possibly, other mechanisms. 


	User initiated chat rooms -- for example, to discuss experiences with particular resources, share ideas, and build virtual communities. 


	Facilitated colloquia, seminars and other virtual public meetings. 


	Authorware and other tools used to develop content. 


	Functionally specified, general purpose, accessible tools to extend the reach of high quality SMET learning to all students and to facilitate interoperability and the maintenance of resources as the underlying technologies evolve. 


	Services serving collections: 


	Cataloging tools -- including tools for adding metadata to resources. See Using IMS Metadata. 


	High volume fault tolerant servers able to handle peak loads for popular resources. 


	Wrappers, middleware, and other tools to increase interoperability. 


	Reliability testing -- services that would verify that content met standards for reliability, interoperability, and stability. For example, one service might verify reliability of Java applets. 


	Mechanisms for collecting data to study and assess usage. 


	Services serving services: 


	Single dimensional search mechanisms that can be used by multidimensional search mechanisms. See Using IMS Metadata. 


	Digital object identifiers (DOIs) or another mechanism in which identifiers are associated with particular content rather than location. Among other uses, such mechanisms would enable search mechanisms to proactively find reviews of digital objects. 





Multidimensional search and prioritizing mechanisms The library would employ multidimensional search mechanisms [SLMO98] that would select and prioritize hits based on several different sources of information including the following: 





	Information within the body of the resources -- for example, occurences of key words or other textual information. Search engines might even look at visual or auditory content. 


	Metadata attached to each resource. Metadata can be a very powerful tool. It can be used, for example, to find resources that are appropriate for a particular level or experiments that can be performed with certain equipment. By itself, however, its usefulness may be limited since it is usually supplied by the developer or by a cataloger working with the original resource. 


	Third party reviews including reviews by professional societies and by users. Each object in the library will be identified by a digital object identifier that will enable search engines to find reviews of the object. 


	Citations. The search engine Google, for example, is able to supply surprizingly useful prioritized lists of hits by looking at information about the linking among sites. Very roughly, if a site is cited often then it is more likely to be worth looking at. 


	User-supplied information. Searchers could optionally supply information that would help search engines choose and prioritize hits. For example, information about available software and laboratory equipment. 





Selective portals Because portals can be designed for specific users and in some cases might serve only members, they might play a particularly effective  role in helping users find the best resources for their purposes. For example, portals might make more use of "amazon.com" kinds of information. The on-line bookseller amazon.com posts comments submitted electronically by customers and also information based on  customer orders -- "other readers who purchased this book also purchased ... "





Support Services and Tools for Library/Collection Builders The functions and services of a digital library are primarily human-mediated or primarily automated (perhaps with some human intervention). To help the Member Libraries/Collections offer users both types of service and fulfill their basic functions with excellence, core activities are initiated that provide tools, central services, and technical support to the Members [SSOW00]. The tools and services should encompass at least five topics that library and collection builders face: authentication, persistence, collections management, classification and discovery, end-user support, and usage monitoring.





Interoperability Among Libraries/Collections A successful NSDL will be more than a mere aggregation of successful Member Libraries and Collections, and the additional value is derived primarily through a sense of community and through interoperability [SSOW00]. The level of interoperability that is appropriate for NSDL probably cannot be determined a priori. Notions about interoperability are highly varied. E.g., at IITA Digital Libraries Workshop held in August,1995 [LYMO95] it was reported that: "Participants expressed a full spectrum of views on interoperability. At one end of the spectrum is the use of common tools and interfaces  that provide a superficial uniformity for navigation and access but rely almost entirely on human intelligence to provide any coherence of content. At the opposite end of the spectrum is deep semantic interoperability. The precise definition of deep semantic interoperability was  the subject of some debate, but deals with the ability of a user to access, consistently and coherently, similar (though autonomously defined and managed) classes of digital objects and services, distributed across heterogeneous repositories, with federating or mediating software  compensating for site-by-site variations. It also extends beyond passive digital objects to actual services offered by specific digital library systems. Deep semantic interoperability is a "grand challenge" research problem; it is extraordinarily difficult, but of transcendent  importance, if digital libraries are to live up to their long-term potential. An intermediate position between these two extremes advocates primarily syntactic interoperability (the interchange of metadata and the use of digital object transmission protocols and formats based on  this metadata rather than simply common navigation, query, and viewing interfaces) as a means of providing limited coherence of content, supplemented by human interpretation."





The NSDL is steered along a practical course toward limited coherence, similar to the intermediate position described above. Stanford's Simple Digital Library Interoperability Protocol (SDLIP) [SDLI00] has been selected  among the many possibilities  as the technical (syntactic) foundation for NSDL interoperability demonstrations linking a small but diverse set of initial NSDL Members. 





The Internet Engineering Task Force (IETF) is defining a standard for searching document repositories over the Web. The effort is part of the Web-based Distributed Authoring and Versioning (WebDAV) initiative, and is called Distributed Authoring, Searching and Locating (DASL). DASL is an HTTP-based protocol. It defines how search requests are delivered, and how results are returned. It also defines a basic query language that every DASL server must support. In contrast to SDLIP, the DASL protocol is very Web-centric, but SDLIP defines a mapping of SDLIP-Core operations onto DASL. The goal of the mapping is (i) to provide a coherent transport between SDLIP clients and services over HTTP, (ii) to allow SDLIP clients to search DASL servers, and (iii) to allow DASL clients a minimum of search capabilities over SDLIP servers.





Reusability The keys to reusability [SLMO98]  are the concepts of educational objects and granularity. An educational object is an interchangable, complete, and self-contained unit that is designed to be used in various settings and in various ways. Such an object can be quite large (an entire  course, for example) or quite small (for example, a single simulation or data set). Large objects can be built up from smaller ones. By  beginning with relatively small basic objects, developers can create very flexible SMET content. Thus, the level of granularity is important. Fine granularity -- a large number of relatively small basic objects -- leads to greater reuse. 





Reusability requires technical, social, economic, and legal infrastructures. Of the three, the technical infrastructure is almost certainly the easiest -- functional specifications, component architecture, metadata, object-oriented programming, and true mark-up languages are likely to play important roles. The legal and economic infrastructures are still evolving in a much larger arena. The social and institutional infrastructures may be somewhat different in the academic arena than in the larger arena. In particular, altruism may play a significant role, especially if library publication is perceived as professionally rewarding and as counting toward tenure, promotion, and merit pay.





6. The Digital Library for Earth System Education (DLESE) 





DLESE: a community plan Earth system education is entering a challenging new era as significant changes are being made in the ways teachers teach and students learn about the Earth [ESECOM]. The Earth system approach provides new insights into the interfaces and connections between the many components of the Earth system. Instructional activities are increasingly focused on inquiry- and discovery-based learning. There is a growing awareness of the need to integrate «best» instructional practices with accurate and reliable scientific content. At the same time, new information technologies provide direct linkages between people (e.g., educators, researchers, and the community at large) and information about the earth (e.g., instructional materials, data sets, images) that make new ways of learning possible. The Earth system education community has responded to these new opportunities by calling for development of a facility that: 


• is interdisciplinary in nature;


• allows students and educators to rapidly find resources they need;


• provides the training and tools needed to effectively use these materials; and


• enables students to explore Earth data.





The Digital Library for Earth System Education (DLESE) has been conceived, and is being constructed, to meet these multiple needs in support of Earth system education. DLESE can have a major impact in implementing the National Science Education Standards in the K-12 system; enhancing undergraduate science education for future scientists, future teachers, and all students;


and increasing the resources available for all citizens and policy makers to learn about the Earth. Digital technology makes it possible to imagine new methods for engaging the broad diversity


of learners more effectively. We have an unprecedented opportunity to make major advances in the scientific literacy of our population in all venues.





The Vision The first step in building DLESE is to create a shared community vision. Such a vision was developed at a topical workshop, Portal to the Future: A Digital Library for Earth System Education, and refined with input from sessions at professional society meetings, and solicited and volunteered contributions from individuals. DLESE is conceived as an information system dedicated to the collection, enhancement, and distribution of materials that facilitate learning about the Earth system at all educational levels. The form and function of DLESE are defined by its unique focus on Earth system education. DLESE will support Earth system education along numerous dimensions:





• in the development of collections of high-quality materials for instruction at all levels and covering all components of the Earth system;


• by providing access to Earth data sets and imagery, including the tools and interfaces that will enable their effective use;


• through the development of discovery and distribution systems to efficiently find and use materials encompassed by the DLESE network;


• by providing support services to help users most effectively create and use materials in the DLESE «holdings»; and


• through new communication networks to facilitate interactions and collaborations across all interests of Earth system education.





These diverse yet complementary functions must be integrated and coordinated for greatest impact. Thus, DLESE must be a community center—a single place where people can go to find information, learn new skills, and make new contacts. Ultimately, DLESE should be the resource of first choice for anyone interested in learning more about the Earth.





DLESE Goals are shortly articulated as follows [ESEREQ]:





1.	Foster change toward discovery based earth system learning





2.	Provide student friendly access to Earth data sets





3.	Provide rapid access to effective teaching materials (reviewed, pedagogically effective, linking general to specific)





4.	Provide a community center for discussing and working on geoscience education at all levels in all venues





Building the Library DLESE will be a distributed network built as a community effort. Collections, services, and tools will be developed and maintained by numerous partners rather than being housed in a single centralized facility. Fundamental to the design and construction effort is a commitment to building a library that responds to the needs of the Earth system education community An active outreach effort will work to engage the broadest possible participation from the Earth system education, library, digital library, and information technology communities in DLESE. This community will be involved in all aspects of design, construction, and testing of the library. Assessment of the library effort and feedback from the community are essential tools in creating a useful and used facility. Construction of the library as a federated effort is now underway. To coordinate the DLESE effort and integrate the library into a seamless and complete whole, a governance structure and central program office have been established. A Steering Committee, supported by several standing committees, guides DLESE. The Steering Committee focuses on developing the policies needed for community-wide cooperation and coordinating the initial community submission of proposals to construct the library. It is also engaged in developing plans for long-term sustainability and intellectual property policies for DLESE. The standing committees are working with the community to address the topics of user needs, services, collections, and technology issues.





DLESE Strategic and Policy issues  [ESEREQ]:





	The rapid pace of technological advancement calls for flexible, extensible structures and mechanisms to provide for the unknown. Almost certainly, within the few year (present) scope of the prototype, one or more key technological elements will have been superceded by newer ones. A design that isolates technological dependencies is one approach to provide minimal impact to surrounding architecture should a change be justified. As well, a philosophy of vision should be articulated for the project that defines a desired balance between the embracing of emerging technology/open standards and re-use of existing albeit more "traditional" (or even vendor-based) solutions. To address this issue, it is suggested 


	forum-based discussions that target this philosophy; 


	ongoing discussion and, where consistent with this philosophy, integration of technological innovations;


	appropriate design reviews among technical staff to support optimal design as described. 





	Interoperability at the metadata level remains to be established. The level at which standards for online courseware, descriptions of resources, controlled  vocabularies, taxonomies and other like elements are adopted will be key to community-wide useability of this and other digital libraries. Efforts are currently underway to define these standards, and it is suggested that the library provide interface-based design that allows for frequent revisions, perhaps even with support for multiple standards. 





	Human-based metadata is better supported when the contributor does the classification work, vs. expecting a smaller central library staff to do this. Concern has been expressed that many potential contributors simply will not have time or the wherewithal to participate in such an exercise. Thought should be given to the appropriately effective carrot-dangling models to encourage such participation. 





	The overall scope of the library effort may be overly ambitious for current staffing levels as plotted against community expectations. The current vision among library development team of a "wide but shallow" prototype/proof-of-concept must either be expanded in scope or the appropriate outreach communications must be constantly reinforced to minimize misunderstanding and potential disappointments.





Leveraging DLESE Progress toward Interoperability The DLESE discovery system as it now is being constructed employs an architecture typical of digital library efforts designed to support interoperability [ALEX98, IBUS99, CDLM99]. These efforts include [SSOW00]:





	Design of the DLESE metadata schema. Metadata schema provides a structured way to describe the resources in a library using predefined fields that use  certain assigned values or free text. The IMS schema [LOMN00] has been selected as a starting point for the metadata design because it can describe  educational resources; it uses XML (Extensible Markup Language) binding which promotes portable data exchange and extensibility; other educational  libraries are adopting it (e.g., NEEDS, the National Engineering Education Delivery System); and much of its functionality is being incorporated into the new  IEEE Learning Technology Standards Committee schema [IEEELT]. Finally, controlled vocabularies are developed to classify and organize materials for user searches specifically tailored to the needs of the community, and are developing preliminary cataloging guidelines for using schema to catalog  geoscience materials.





	Definition and design of the user-visible information retrieval components. To promote usability and interoperability, users do not interact directly with the metadata schema. Their interactions with library holdings are mediated by search "buckets" [MNZM99, KAWI95] and browsing  topologies (hierarchical categories). We are currently designing these for DLESE. Each bucket describes a cluster of related metadata fields. At the top level,  a user query for "remote sensing activities around hurricanes" may translate into a complex query involving many different metadata fields. The bucket  approach is being used by other digital libraries [QUME99, MALY99] to support searching and for interoperability, as it hides the details of the underlying metadata schema.





Building on the experiences of ADL, the architecture ensures interoperability by developing an enhanced middleware layer [MIDW99]. This middleware layer maps user-visible search attributes into the underlying DLESE metadata schema, and maps DLESE buckets into the buckets exposed by other libraries’ middleware. Thus, this middleware layer, combined with the bucket design, provides a uniform view for distributed search across a federated collection of libraries. The middleware will also provide a structured interface upon which to build additional library services.





Next step planned is to develop the design and implementation on an Enterprise JavaBeans application-server technology. This platform will be suitable for the scaled-up effort both in terms of the resource holdings capable of being indexed and efficiently searched, and in terms of handling substantive server traffic and request throughput. Interoperability will build on search buckets and the emerging protocols for digital libraries, especially SDLIP (Simple Digital Library Interoperability Protocol) [SDLI00, IOPP00]. 





DLESE Scenarios [ESEREQ] The Strategic Scope-Summary Level use cases are derived from collection of scenarios submitted by DLESE community members. A forum is open to community access for active discussions regarding the use cases. Since the content of the use cases are dynamic in nature, only a high-level title for each is listed here; the number by each title links to a technical-level progress report document on various aspects of the given use case. Strategic Scope, Summary Level Use Cases include:





1 Design all or part of a course 





2 Accessing data sets and tools 





3 Professional development 





4 Prepare for class 





5 Explore teaching methods 





6 Contribute to the Library 





7 Collaboration 





8 Finding funding





7. Scholnet and Cyclades: Extending the Role of Digital Libraries





Scholnet (IST-1000-20664) and Cyclades (IST-2000-25456) are two digital library projects funded  by the EU 5th Framework Programme and coordinated scientifically by the IEI – CNR . [SCCA01]   Both projects aim at  extending the role of a digital library by providing services that support remote communication and collaboration among scholars. In particular, the goal of Scholnet is to develop a digital library providing an  enhanced set of specialised services, while Cyclades is focussed on the need to develop a service  environment on top of large heterogeneous and multidisciplinary interoperable archives. 





Scholnet (http://www.ercim.org/scholnet) aims at enabling the immediate dissemination and accessibility of  technical documentation within a globally distributed multilingual community. SCHOLNET aims at developing a digital library infrastructure to support the communication and the collaboration within networked scholarly communities








In order to achieve this objective, Scholnet will provide: 





	traditional digital library services on multimedia documents. These services enable scholars to communicate through the publication of/access to not only textual documentation such as technical  reports, project deliverables, workshop proceedings, etc., but also videos of tutorials or seminars (possibly synchronized with corresponding textual slides), training sessions, project presentation, demos, etc. 





	handling of document annotations. Annotations can be textual notes, ratings, links, etc., associated  with either the entire document or with its parts. Annotations can be authored by different people and  will have public or group restricted access privileges. 





	monolingual and multilingual search and retrieval services. Monolingual search is provided in all of the project languages; by specifying the search language, the system searches only those documents that contain information in that language. In addition, a cross-language search facility allows users to query in their own language and retrieve documents matching the query in other languages. 





	automatic personalised information dissemination service. A pro-active facility sends messages  when a new document arrives in the digital library to those users who, on the basis of their system-maintained profiles, are potentially interested in its contents. 





From the technical point of view the Scholnet infrastructure will be built by extending, and partially re-thinking, the basic services provided by the ERCIM Technical Reference Digital Library (ETRDL) (http://www.iei.pi.cnr.it/DELOS/ETRDL).  





Cyclades (http://www.iei.pi.cnr.it/cyclades) will develop an open collaborative virtual archive service  environment supporting both single scholars as well as scholarly communities in carrying out their work. In  particular, it will provide functionality to access large, heterogeneous, multidisciplinary archives distributed over the Web and to support remote collaboration among the members of communities of interest.  





Cyclades will run on the data environment composed by the archives that adhere to the Open Archives  Initiatives harvesting protocol specifications (http://www.openarchives.org). From the technical point of view, Cyclades will consist of the following federation of independent but interoperable services: 





	Access: supports harvest-based information gathering, plus indexing and storage of gathered information in a local database.  





	Query and Browse: supports the users in formulating queries and develops plans for their evaluation In particular, it provides an advanced multilevel browse facility, completely integrated with the search facility, that allows one to browse at schema, attributes, and document levels.  





	Collection: provides mechanisms for dynamically structuring the overall information space into  meaningful (from some community’s perspective) collections. 





	Personalization: supports information personalization on the basis of individual user profiles, and  profiles of the working communities the user belongs to. User and community profiles are automatically inferred by monitoring the user behavior.  





	Recommendation: provides recommendations about new published articles within a working community. The choice about what recommendations to send and to whom is based on both the user and the working community profiles. 





	Collaborative Work: supports collaboration between members of remotely distributed working groups by providing functionality for creating shared working spaces referencing users’ own documents, collections, recommendations, related links, textual annotations, ratings, etc.  





8. Taking a Common View of Educational Metadata





Instructional  management systems project (IMS) Designers and developers of online learning materials have an enormous variety of software tools at their disposal for creating learning resources. These tools range from simple presentation software packages to more complex authoring environments. They can be very useful in allowing developers the opportunity to create learning resources that might otherwise require extensive programming skills. Unfortunately, the wide variety of software tools available from a wide variety of vendors produce instructional materials that do not share a common mechanism for finding and using these resources. Descriptive labels can be used to index learning resources to make them easier to find and use. Such meta-data specification makes the process of finding and using a resource more efficient by providing a structure of defined elements that describe, or catalog, the learning resource, along with requirements about how the elements are to be used and represented.





In 1997, The IMS Project, part of the non-profit EDUCOM consortium (now EDUCAUSE) of U.S. institutions of higher education and their vendor partners established an effort to develop open, market-based standards for online learning, including specifications for learning content meta-data [LRBP11]. Also in 1997, groups within the National Institute for Standards and Technology (NIST) and the IEEE P.1484 study group (now the IEEE Learning Technology Standards Committee - LTSC) began similar efforts. The NIST effort merged with the IMS effort, and the IMS began collaborating with the ARIADNE Project, a European Project with an active meta-data definition effort. In 1998, IMS and ARIADNE submitted a joint proposal and specification to IEEE, which formed the basis for the current IEEE Learning Object Meta-data (LOM) base document, which is a classification for a pre –draft IEEE Base Document. IMS publicized the IEEE work through the IMS community in the US, UK, Europe, Australia, and Singapore during 1999 and brought the resulting feedback into the ongoing specification development process. 





The IEEE LOM Base Document [LOMN00]  defines a set of metadata elements that can be used to describe learning resources. This includes the element names, definitions, datatypes, and field lengths. The specification also defines a conceptual structure for the metadata. The specification includes conformance statements for how metadata documents must be organized and how applications must behave in order to be considered IEEE-conforming. The IEEE Base Document is intended to support consistent definition of metadata elements across multiple implementations. The number of items defined within the IEEE Base Document was large and many participating organizations within the IMS community recommended that a select Core of elements must be identified to simplify initial implementation efforts. The IMS developed a representation of the metadata in XML[LRXB11]  and surveyed its member institutions around the world to identify the Core elements. 





The IMS Metadata Best Practice and Implementation Guide  identifies a minimum set of IEEE metadata elements called the IMS Core . The remaining IEEE LOM Ver. 3.5 metadata elements form the IMS Standard Extension Library (SEL). Choosing this smaller set of elements will foster a base level of metadata interoperability and will enable easier implementation of basic meta-data capabilities into software vendors' existing products. The IMS Metadata Best Practice and Implementation Guide [LRBP11]  provides general guidance about how an application may use the Core and Extended meta-data elements. The IMS Learning Resource XML Binding Specification provides a sample XML representation and document type declaration (DTD) of a conforming meta-data record to assist developers with their meta-data implementations. 





The IMS represents a number of large and small educational institutions, training organizations, and software vendors who are interested in incorporating learning resource meta-data into their software products. The IMS conducted a survey of these institutions and organizations to determine which metadata elements from the [LOMN00] were more fundamental than others. 





Many meta-data implementers were initially optimistic that their participation in the IMS consortium would help produce a relatively small but well defined and agreed upon set of meta-data elements. This optimism soured as the set of proposed meta-data elements grew increasingly larger. Many vendors expressed little or no interest in developing products that were required to support a set of meta-data with over 80 elements. The implementers' reasoning is quite simple: Most software vendors are not in the learning resource business or the learning resource metadata business exclusively. Most have existing products that they hope could support a minimum baseline of elements that the learning resource community would agree to be essential. They also want to be able to make marketing statements such as "IEEE/IMS metadata conforming document." While initial support of a core set of elements could lead to a future iteration of the software product that will support many more elements, the burden to support 80+ meta-data elements on the first iteration of a product is too great for most vendors to choose to bear. The result of trying to force too large a set of elements on implementers would most likely be that implementers themselves would reduce the size of the entire set to what they considered to be a more manageable number. This might be done in collaboration with other vendors, or individual companies might choose to define their own minimal set. As user communities begin specifying requirements for certain subsets, the vendors would be forced to support the union of those requirements that would again push the total number of fields that must be supported upwards. The issue for most implementers is not whether to support many fields, but when to support them. The IMS community feels that broad adoption requires a smaller set of suggested fields at first.





Learning Object Metadata [LOMN00] This standard specifies a conceptual data schema that defines the structure of a metadata instance for a learning object. For this standard, a learning object is defined as any entity, digital or non-digital, that may be used for learning, education or training. For this standard, a metadata instance for a learning object describes relevant characteristics of the learning object to which it applies. Such characteristics can be regrouped in general, educational, technical and classification categories. The conceptual data schema specified in this standard will allow for linguistic diversity of both learning objects and the metadata instances that describe them. The conceptual data schema defined in this standard specifies the data elements of which a metadata instance for a learning object is composed. This standard will be referenced by other standards that will define the implementation descriptions of the data schema so that a metadata instance for a learning object can be used by a learning technology system to manage, locate, evaluate or exchange learning objects. 





The purpose of this standard is to facilitate search, evaluation, acquisition, and use of learning objects, for instance by learners or instructors. The purpose is also to facilitate the sharing and exchange of learning objects, by enabling the development of catalogs and inventories while taking into account the diversity of cultural and lingual contexts in which the learning objects and their metadata will be exploited. By specifying a common conceptual data schema, bindings of Learning Object Metadata will have a high degree of semantic interoperability. As a result, transformations between bindings will be straightforward. The intent of this standard is to specify a base schema, which can be used to build on as practice develops, for instance in order to facilitate automatic, adaptive scheduling of learning objects by software agents.





Basic metadata structure  A description of a learning object consists of data elements. The latter are grouped into categories. The Base Scheme (clause 6) consists of nine such categories: 


The General category groups the general information that describes the resource as a whole.


The Lifecycle category groups the features related to the history and current state of this resource and those who have affected this resource during its evolution.


The Meta-metadata category groups information about this metadata record itself (rather than the resource that this record describes) .


The Technical category groups the technical requirements and characteristics of the resource.


The Educational category groups the educational and pedagogiccharacteristics of the resource.


The Rights category groups the intellectual property rights and conditions of use for the resource.


The Relation category groups features that define the relationship between this resource and other targeted resources.


The Annotation category provides comments on the educational use of the resource and information on when and by whom the comments were created.


The Classification category describes where this resource falls within a particular classification system





Data elements Categories contain data elements. For each element, the base scheme defines: 


name: the name by which the data element shall be referenced;


explanation: the definition of the element;


size: the number of values allowed;


order: whether the order of the values is significant (only applicable for elements with multiple values);


value space: the set of allowed values for the data element - typically in the form of a vocabulary or a reference to another standard;


data type: a set of distinct values.


The following data types are included: list values, vocabularies, minimum-maximum values,  character sets. For each of the data elements, the specification includes the data type from which it derives its values, such as LangString or Date, etc. These will be defined separately, and will be implemented in a particular way in a particular system. In order to maximize interoperability, future work may define a common representation for these data types. In the absence of such a common representation, an exchange format, such as XML, would allow systems with different representations to achieve interoperability through a conversion process.





DELOS Working Group on Metadata Registries  Thomas Baker  (GMD) forming DELOS Working Group on Metadata Registries identified problems of harmonization of various metadata standards in the following manner. 





Standards organizations and metadata implementors could in principle link their standards (as well as an application-specific extensions based on them) by cross-referencing their schemas over the Internet. However, there is currently a variety of models for defining the nature and attributes of metadata entities ("elements"). One important model is the ISO 11179 set of standards for defining the attributes of data elements and the architecture of registries.  Another is the somewhat simpler model being used by the Dublin Core Metadata Initiative in its prototype schema registry, which is based on RDF Schemas.  Other terms are used for the IEEE Learning Objects Metadata model and in XML Schemas.  An appropriate level of harmonization between these various approaches would help ensure a degree of interoperability as such initiatives deploy networked registries.





9. Learning Technology Systems Architecture





The IEEE�xe "IEEE"� P1484.1/D8 standard [LTSA01] specifies a high level architecture�xe "architecture"� for information technology-supported learning, education, and training systems that describes the high-level system design and the components of these systems. This standard covers a wide range of systems, commonly known as learning technology, education and training technology, computer-based training, computer assisted instruction, intelligent tutoring�xe "intelligent tutor"�, metadata�xe "learning object metadata"��xe "catalog info"�, etc.  This standard is pedagogically neutral, content-neutral, culturally neutral, and platform-neutral.  This standard (1) provides a framework for understanding existing and future systems, (2) promotes interoperability and portability by identifying critical system interfaces, and (3) incorporates a technical horizon (applicability) of at least 5-10 years while remaining adaptable to new technologies and learning technology systems. 





The Learning Technology Systems Architecture is described in five successive refinement layers from highest to lowest�xe "layer"��xe "abstraction-implementation boundary"�.  Each layer describes a system at a different level:





Learner and Environment�xe "environment"� Interactions�xe "interaction"�: Concerns the learner�xe "learner"�'s acquisition, transfer, exchange, formulation, discovery�xe "experimentation"��xe "discovery"�, etc. of knowledge and/or information through interaction with the environment.


Learner-Related Design Features: Concerns the effect learners have on the design of learning technology systems.


System Components: Describes the component-based architecture�xe "architecture"�, as identified in human-centered and pervasive�xe "human-centered features"� features.


Implementation Perspectives and Priorities: Describes learning technology systems from a variety of perspectives by reference to subsets of the system components layer�xe "layer"��xe "abstraction-implementation boundary"�.


Operational Components and Interoperability — codings, APIs, protocols: Describes the generic "plug-n-play" (interoperable) components and interfaces of an information technology-based learning technology architecture�xe "architecture"�, as identified in the stakeholder�xe "stakeholder"� perspectives.





The lower layers are implementations�xe "implementation"� of the higher layers; the higher layers are abstractions�xe "abstractions"��xe "abstraction"� of the lower layers.





10. Summary





Purposeful and intensive research and development programme on Digital Libraries for education are undertaken around the world aiming at the far reaching goal: «Any individual can participate in on-line education programs regardless of geographic location, age, physical limitation, or personal schedule. Everyone can access repositories of educational materials, easily recalling past lessons, updating skills, or selecting from among different teaching methods in order to discover the most effective style for that individual. Educational programs can be customized to each individual’s needs, so that the information revolution reaches everyone and no one gets left behind». Long  range objectives for DLE as a national treasure include also life-long learning and learning anytime anywhere.





The results of these developments eventually will have a significant impact on the humanity comparable to those of the Web. The digital libraries for education are being developed as an environment bringing together collections, services, and people to support the full cycle of creation, dissemination, use and preservation of data, information, and knowledge so that communities of research and education become more efficient and productive and the benefits of collaboration are maximised.
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