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Abstract:

We present a framework for digital libraries, 5S, that facilitates design and development, and use it to describe two educational digital library initiatives, one for graduate education (NDLTD, the Networked Digital Library of Theses and Dissertations) and one for learning about computer science (CSTC, the Computer Science Teaching Center).  In both cases we describe the vision, goals, construction, and operations.  We recommend the 5S framework for characterizing and guiding other work on digital libraries.

1. INTRODUCTION

Through involvement in a wide variety of digital library projects (e.g., CS Education Innovation [1-5], ENVISION [6-13], NCSTRL [14], TULIP [15], W3C Web Characterization Repository [16]), we have gained numerous insights that now can be readily organized into a clear and simple framework, 5S, which takes its name from the five basic constructs involved: Streams, Structures, Spaces, Scenarios, and Societies. We have worked on formal definitions for each construct that should appear in the doctoral dissertation of Neill Kipp.  More importantly, we also believe that this framework can be viewed relatively informally, wherein it can guide other designers and developers.  To make that possible, we show how the 5S framework applies to two important digital library projects that are hosted at Virginia Tech.

1.1 NDLTD

Building on work that began in 1987, the Networked Digital Library of Theses and Dissertations (NDLTD, see www.ndltd.org) was launched in 1996 [17], and already has led to national projects in USA, Australia, and Germany, as well as involvement of universities in Canada, England, Hong Kong, India, Mexico, Portugal, Russia, Singapore, South Africa, South Korea, and Spain [18, 19]. It illustrates the move toward worldwide collaboration through digital libraries [20].  Over sixty members were part of this initiative by June 1999. Many universities have adapted the rich collection of training materials developed at Virginia Tech and available from http://etd.vt.edu. 

Students learn about electronic publishing and digital libraries as they prepare an electronic thesis or dissertation (ETD), often with multimedia content, using applicable standards that facilitate preservation.  Most of the works are collected and archived using Adobe’s Portable Document Format (PDF) and/or SGML/XML (Standard Generalized Markup Language, eXtensible Markup Language). If all theses and dissertations, from every nation, are captured electronically, there will be hundreds of thousands collected each year, but with each university only having to make the modest investment of handling roughly a few hundred to a thousand. By using digital library access controls [21], any conflicts that might arise with publisher policies can be handled by restricting access (for the ETD part or parts in question) to the originating campus.

By using multilingual federated search technologies (see www.theses.org), a user query can be distributed to sites around the globe to retrieve works in any supported language [22]. Access statistics collected regarding the small collection at Virginia Tech [23] show hundreds or thousands of downloads for works that in paper form were only read by a handful.  As the distributed collection grows, and ultimately achieves critical mass, this may become one of the largest and most active digital libraries supporting education and research.  NDLTD allows universities to cooperate and collaborate in a federated fashion, in a scalable and sustainable effort, especially since automation affords savings to both students and their universities relative to old paper-based approaches.

1.2 CSTC

The Computer Science Teaching Center (CSTC, see www.cstc.org and [24-26]) in general, and in particular its part for Curriculum Resources in Interactive Multimedia (CRIM, see www.cstc.org/~crim/ and [27]), continue the NSF-supported efforts related to digital libraries and computing that began at Virginia Tech in 1991.  In addition to tens of thousands of online WWW pages related to CS education [4], reflecting local development, that have led to millions of accesses from around the world [2, 4, 28], an open repository for submission of educational modules now is available at Virginia Tech.

Having worked from 1991-1998 with ACM publications, as well as from 1993-1998 with locally authored courseware in computer science, we concluded that building on a broader base of authors of course materials was necessary to have maximal benefit for those wishing to learn about computing.  By setting up a digital library to facilitate submission of curricular material (in similar fashion to NDLTD’s supporting of thesis submissions), we aim to help achieve the critical mass required to attract the attention of teachers.  By encouraging small submissions, in particular of knowledge modules [29], and by instituting a system of peer review to ensure quality, we hope to turn CSTC into an example of how to develop the NSF-funded Science, Mathematics, Engineering and Technology Education (SMETE) Digital Library [30].

At present, three types of materials are actively solicited for CSTC.  First, we seek laboratory resources that can be used in lab sessions in (primarily lower level) courses on computing, or for self-study.  Second, we seek both visualizations of important concepts in computing, and tools to help prepare such visualizations.  Third, we seek interactive multimedia resources that teach about important aspects of computing. Each type requires knowledgeable editorial control, now handled by Deborah Knox, Scott Grissom, and Rachelle Heller / Edward Fox, respectively.  As additional editors volunteer to assist, other types of resources will be solicited as well.

Contributors log onto the CSTC site, fill in online forms to describe their resource, and upload their works – for test, review, and eventual archiving.  Thus, they provide the metadata called for by the Dublin Core Metadata Initiative [31] as well as the digital object or objects to be shared with other teachers or learners.  Special interface screens have been devised to support people in the roles of contributor, user (e.g., a teacher discovering a useful resource), reviewer, and editor.  These have been refined for more than a year, and will continue to be enhanced to suit the needs of the project and community.

1.3 5S
The 5S model uses Streams, Structures, Spaces, Scenarios, and Societies to describe digital libraries.  It extends the earlier 4S Model by adding in Societies to cover groups of people (or machines, as in distributed computing) [32].  The interactions among these aspects allow handling of access controls, distributed processing, interfaces, metadata, multimedia, networking, preservation, services, training, virtual reality, and other concerns that have arisen as the universities involved in NDLTD and CSTC enhance education and research.  We argue that end-users can easily comprehend the 5S framework, and can build a simple mental model of digital libraries that allows them to avoid the confusion of current specialization among disciplines (e.g., database management, data mining, hypertext, information retrieval, knowledge management, multimedia, resource discovery). This is particularly important if the generators of the content of NDLTD – the world's future scholars, researchers, and leaders – are to easily grasp the essential concepts required to develop and add their work to the growing international digital library of theses and dissertations.  It also is crucial if educators are to contribute to and re-use resources in a digital library targeted to support teaching and learning. 

2. A 5S VIEW OF NDLTD
We first illustrate use of the 5S framework to describe key aspects of NDLTD.

2.1 NDLTD Societies
The primary society addressed through NDLTD is graduate students.  The project aims to enhance graduate education, particularly of those students who prepare either a thesis or dissertation. Consequently, a second society is involved, namely those involved in administering graduate programs.  Those who are deans or associate deans of graduate schools, and their supervisors (e.g., associate provosts or associate chancellors) and staff, as well as the members of related associations (e.g., Council of Graduate Schools in USA, or the Canadian Association of Graduate Schools), are key members of this important society, that often decides if a university will join NDLTD.  Because some universities have distributed these responsibilities to colleges or faculties, or because some involved in graduate program administration are too busy to carefully study NDLTD, we expanded this second society to include those in colleges or departments that administer graduate programs, allowing them to have their respective units join NDLTD prior to an action by the entire university.

The third society related to NDLTD includes those involved in related activities in university libraries.  This often involves the director or dean of the university library, as well as those involved in automation, support of multimedia development, training, cataloging, preservation, or other similar roles.

A fourth society involved in NDLTD is that of faculty. They may encourage students to start early to experiment with NDLTD, and to prepare expressive works, using multimedia. They may assist by providing tools in their laboratories that help with production of an electronic thesis or dissertation (ETD).  They may guide student to produce high-quality works; that, in turn, may encourage and help large numbers of potentially interested readers.  Faculty also assist students to grasp key issues regarding intellectual property and copyright, and to make their research results available to the widest community of readers possible given constraints relating to patents or publishers (see next paragraph).

The fifth, whose importance to the project became obvious early in 1997, is that of publishers.  Though NDLTD was developed as a university effort, there is linkage with scholarly publishers because thesis and dissertation work often relates to other writings involving those students, such as conference papers, journal articles, and monographs.  Because of copyright laws, and because of publisher policies that may force editors to make judgements regarding prior publication, this important society must be considered.  In cases like ACM, IEEE-CS, and Elsevier, there is strong support, which has been highly beneficial.

The sixth society is the membership of the Steering Committee for NDLTD. This demonstrates the type of support, and the institutional involvement in the initiative.  Members include Association of Research Libraries, Coalition for Networked Information, Council of Graduate Schools, Dissertations Online (Germany), National Library of Canada, Southern Conference of Graduate Schools, Southeastern Library Network, Southeastern Universities Research Association, UNESCO, University Thesis Online Group (UK), and the US Department of Education.

While many other groups have connections with NDLTD, the largest involves those who download, read, and draw upon ETDs.  Students, scholars, and researchers may wish to study methods used, consult bibliographies, gain insight from literature reviews, or replicate experiments using data sets that accompany the thesis.  They may be teachers who use ETDs to guide their own students, companies interested in hiring graduate authors, or research groups looking for related work to build upon.

2.2 NDLTD Scenarios
Each of the societies involved in NDLTD needs particular services from the digital library. These can be described through scenarios.  They also engage in various tasks and activities related to ETDs – each with corresponding scenarios.

The NDLTD team has focused on training (through workshops, online materials, and help in media centers or library sites) to help students with the authoring or creation of ETDs. Next, there is the process of submission, supported by workflow software to help students enter and edit the metadata (including abstracts) about their ETDs.  Staff in the graduate school and library also use other parts of the workflow software as they check, approve, archive, and catalog new ETDs.  Library staff ensure that new works are added to the collection, and that the system affords access almost all the time.

In terms of volume, the most active scenarios relate to use of the digital library.  First, there is an interface that supports either accessing individual university sites (searching or browsing), or federated search across multiple sites [22].  Second, there is experimental software developed by Todd Stevens to add annotation capabilities (the service selected as most important to add, based on focus groups to determine what other scenarios apply).  Third, there is experimental software developed by Zhanbo Sun, extending the SIFT package from Stanford University, to provide filtering and routing services based on stored user profiles, for those who wish to be notified whenever an interesting ETD arrives.  As time proceeds, our work with IBM’s digital library software, as well as OCLC’s SiteSearch system, may allow us to support other universities that choose to use those packages to provide access services to their local ETDs.

2.3 NDLTD Spaces
One space-related aspect of NDLTD is the physical location of members – now spread over parts of Africa, Asia, Australia, and Europe, as well as North America.  This means that a federated search system is necessary, and that the Internet provides the name space of machines, while the WWW provides the name space of servers.

Some of the searching makes use of vector spaces, to help with ranking documents.  More advanced approaches to federated searching should deal with connections between these vector spaces, on different machines, based on choices of vocabulary and weighting.  Vocabulary relates to the conceptual space used in indexing.  This will become more disciplined, as members use both some version of MARC (for library catalog records for ETDs, e.g., with the 856 field giving the URL for the actual thesis), and Dublin Core.  It is likely that the 15 elements of the Dublin Core will provide the basic conceptual space for accessing the NDLTD collection.  In addition, manual, semi-automatic, and automatic indexing and classification methods can be applied to place ETDs into conceptual spaces that relate to the Library of Congress or Dewey classifications, as well as discipline-specific thesauri (e.g., ACM’s category system for computing).

The third major space-related aspect of NDLTD deals with user interfaces.  There are multiple graphical user interfaces that relate to our various software routines, and those of vendor-supplied software (e.g, IBM Digital Library, OCLC’s SiteSearch, and OpenText’s LiveLink system). In addition, class projects at Virginia Tech have explored 3D desktop interfaces using Java and VRML, and ongoing experimentation is investigating how the library metaphor applies to using our collection in our 10x10x10’ CAVE( virtual reality environment [33].

2.4 NDLTD Streams

NDLTD deals with a variety of streams.  At the simplest level are streams of characters for text, and streams of pixels for images. Some students have included audio files, or digital video, with their ETDs, which must be rendered as streams.  These present challenges regarding quality of service if played back in real time, or alternative storage problems if downloaded and then played back from a local system.  On the one hand, using standards like MPEG will make it easier to prolong the useful life of multimedia-rich ETDs, but on the other hand the representations that allow streaming of audio and video tend to be proprietary.   This suggests that students probably should store both types of representation.

The other class of streams related to NDLTD is that of network protocols.  For federated search there is the Dienst protocol, studied at University of Virginia for this application [34].  A class project in spring 1999 at Virginia Tech demonstrated how to extend the current federated search system to support collections through Z39.50. Other work is called for to connect with the Dissertation Online project in Germany, that employs the Harvest system. 

2.5 NDLTD Structures

Structure plays many roles in NDLTD.  A database management system is at the heart of the software for submission and workflow management developed at Virginia Tech.  XML and SGML are ways to describe the structure of metadata, or of ETDs themselves.  While only a small number of submissions at Virginia Tech have used such markup approaches, larger numbers are being collected in Germany.

IBM Digital Library uses a database management system to allow access to its contents. IBM and other text retrieval systems typically use inverted files.  Each of the standards used in representing documents imposes a particular structure on the collection of bits that make up an ETD.

Other structures, and other illustrations of the applicability of 5S to NDLTD, can easily be added.  These, and examples of combinations of several of the “S’s”, will be omitted for the sake of brevity.

3. A 5S VIEW OF CSTC
To further illustrate how the 5S framework fits with digital libraries, we highlight some aspects of CSTC, using this model.

3.1 CSTC Societies
CSTC is designed to serve mostly teachers, who contribute and make use of courseware.  Some curious students also may utilize the resource, as they engage in formal educational programs, or to enrich their self-study efforts.

To support CSTC, there must be a series of editors, one for each genre, and a volunteer cadre of reviewers.  These ensure that submissions are correct (e.g., functioning properly when in the form of executable software), portable, clear, and have educational benefit.

Because it was important to develop and test the CSTC software with relatively large numbers of people, and since it was deemed important not to scare away contributors or users with untested routines, an additional community was involved in the testing of CSTC software. In particular, authors submitting papers, and reviewers serving on the program committee, both for ACM Digital Libraries ’99, assisted with the prototyping and testing of CSTC software since the Program Chair (Fox) automated much of the handling of DL’99 papers with the CSTC prototype software (developed by David Watkins).

3.2 CSTC Scenarios
CSTC must be supported by a variety of scenarios.  The test software, as explained above, was applied to aid paper submission, entry of information on reviewers, assignment of reviewers to papers, collection of reviews, and reporting for the program committee meeting.

Key scenarios for CSTC cover submitting resources, editorial assignment to reviewers, review, making approved resources available, and interactions of teachers to find and use resources in the collection.  Underlying these, however, must be scenarios wherein teachers are rewarded for submitting (e.g., we have proposed to start a journal related to CSTC, so submitters can be credited with publications), and other teachers save time or improve the quality of their teaching through use of materials from CSTC.

3.3 CSTC Spaces
CSTC makes use of Dublin Core and its conceptual space for metadata.  It also uses the ACM category system for classifying topical areas.

Regarding screen space, there are simple graphical user interaction interfaces for all the software developed to support the digital library.  To highlight the scenarios for each society, screens clearly indicate the type of users supported, and list the various services afforded to each.

3.4 CSTC Streams
Some submissions for CSTC, especially those related to CRIM, are multimedia streams.  Part of the testing of submissions involves ensuring good quality of service with all multimedia materials.

CSTC makes use of general Internet and WWW protocols.  It functions as a centralized system, so protocols are not needed to support distributed collections.

3.5 CSTC Structures
The CSTC implementation is largely through a database management system.  Tables maintain data about each individual member of each society.  They also maintain information about submissions (using Dublin Core for the metadata, and file names for actual resource objects).  Reviews are kept too, and logs record structured descriptions of the transactions that relate to CSTC.

In summary, CSTC is somewhat simpler and more specialized than NDLTD.  However, CSTC directly supports a variety of small societies (e.g., editors and reviewers), which means that a larger base of software is needed to handle all the scenarios.  This in part explains why a database management system appears to be the right choice for CSTC, along with many PERL scripts.

4. CONCLUSIONS
We have sketched the highlights of the 5S framework, and illustrated how it works with two digital libraries.  We hope that 5S will be useful for describing, designing, and developing other digital libraries.  We also hope that insights gained through this process will help ensure further success for NDLTD and CSTC.

NDLTD is driven by the vision of changing the behavior of all of the world’s scholars so they are comfortable with digital libraries, and can not only access but also contribute to them.  CSTC and CRIM aim to demonstrate that a broad effort to collect and share educational resources can help teachers and students, illustrating the benefits of digital libraries. Whether we think of these two university-hosted efforts as the basis for a broader Networked University Digital Library (NUDL), or as part of other federations for education, clearly they suggest that digital libraries will play an important supporting role in the enterprise of learning in the 21st Century.
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