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 Project Summary


Intellectual Merit

The National Science Digital Library (NSDL) is a tremendous, but underutilized resource.  NSDL relies on users knowing about (and remembering) its component collections or portals that lead to these, somebody directing users to them, or stumbling across them within the many hits of popular search engines.  Furthermore, related resources within NSDL collections, like traditional library resources, rarely are interconnected, which frustrates users in their library tasks.  This research facilitates users both within and external to the NSDL to quickly find (“select”) relevant documents and services across (and beyond) the spectrum of NSDL resources.

The IntegraL (Integrating Libraries) project will bring the potentially huge user population of traditional libraries to the NSDL through their libraries’ on-line resources (article databases and special collections).  Users will interact with these systems as before.  In addition, IntegraL automatically will add customized sets of context-sensitive links within their displays to related NSDL resources and appropriate services.  Further links will lead to related resources and appropriate services within the traditional library systems.  IntegraL will add links to the digital library screens as well, leading NSDL users to related collections and appropriate services both within digital library systems and (with authentication) traditional library resources at their local libraries, as well as to publicly-accessible special collections.

IntegraL will make further contributions to traditional libraries.  Its integration will ameliorate the separate “silos of information” problem endemic to libraries that own a myriad of independent systems.  This should result in more effective resource utilization, especially for a library’s lesser-known assets (such as special collections), as IntegraL will lead users directly to appropriate resources.

IntegraL proposes several major advances over our prior NSDL digital library integration project.  These include extension to the traditional library domain; the next generation of collaborative filtering to customize the links generated; the next generation of federated search, clustered by concepts, over all known traditional and digital library resources; and a rigorous evaluation targeted towards a fundamental understanding of the effectiveness different integration aspects provide (in part to encourage library developers to adopt these techniques).  

IntegraL will provide a sustainable technical and community infrastructure. Code will be open source.  The project will maintain a free repository of integration modules.  Developer support will remain available after the grant period concludes.  The research team will foster a developer community, starting with this proposal’s multiple collaborating test beds in NSDL and other digital libraries, public libraries and university libraries.  Development will take advantage of the NSDL’s Core Integration features.    

Broader Impact

IntegraL will bring direct NSDL access to many thousand users during the grant period through on-line accessibility to all New Jersey public library users, and four college and university libraries.  Our broad vision encompasses participation by all public, university and school libraries, as well as all NSDL collections and sharable services.

Future research includes the logical extensions of incorporating secondary school library resources (some school students will be among the experimental subjects); linking on-line bookstores (a pilot is included); and providing access to “knowledge-sharing services” over all resources (which integrating the Core Infrastructure’s annotation service will demonstrate).

The project will involve many school-age, undergraduate and graduate students, both in the evaluation and software development, thus exposing them to and increasing their understanding of research.

1. Motivation and Intellectual Merit

This research will greatly expand the user base of the NSDL by increasing the types of access points into NSDL resources.  IntegraL will integrate NSDL, traditional library and on-line bookstore resources, and engineer a federated, concept-based, meta-search over all these resources.   An intensive evaluation will determine which integration aspects users find most effective and satisfying, to encourage others to integrate their systems to the degree that benefits users the most.

IntegraL will bring NSDL collections and services directly to the users of traditional library resources.  Within the screens of a library’s commercial on-line databases and special collections, IntegraL will automatically place context-sensitive links to relevant digital library and traditional library resources, customized for each user.  This research will produce a new generation of collaborative filtering for customizing the links generated.  Furthermore, IntegraL will integrate (federate) searches of traditional resources with relevant digital library resources.  IntegraL’s “lightweight” integration approach will provide a sustainable infrastructure for virtually integrating library resources.

Users face key impediments to completing tasks involving library resources. 

· Users often need to know which kinds of resources exist or are relevant to their task before they can access them. Search is often restricted to specific sets of these resources.  

· Once users have some information, they may have trouble finding related information located outside the current system being searched.  “Vast repositories of knowledge [are] locked in library legacy systems,” and not directly accessible by users due to the lack of widespread linking (McLean, 1999).

· Furthermore users often must move to a new screen to perform the next step in their task.

These impediments arise because library resources are not integrated adequately.  While IntegraL enrich-es traditional library resources with a NSDL and other digital library access, a major contribution by itself is this integration of disparate traditional library resources.  Our project goal is to bring all relevant resources directly to the user at the point of need, instead of requiring the user to seek out specific resources.  This should improve user effectiveness and thus satisfaction, and improve the effectiveness of library resources.

Federated search on its own has not solved, nor is it likely ever to solve, the integration problem.  As not all databases use the same search standards (e.g. Z39.50, XML), manage authentication for remote users over subscription databases is difficult, de-duplication often only covers the first page of results presented (20-30 citations), and often they cannot take advantage of native database advanced search features (Hane, 2003).  The MetaFed federated metasearch that we shall develop will avoid many of these problems through IntegraL’s registration process.  Some companies are beginning to offer federated search of specific library databases. MetaFed will provide this service for free, include NSDL and other digital libraries, and make integration modules publicly available as the IntegraL community develops them.  Targeted-domain federated Web search services, such as Scirus (searching science sites) are also making great advances.  MetaFed though, further provides a unique concept-based clustering of search results (see Figure 3 in §3.3).  IntegraL, with its emphasis on integration through linking however, goes far beyond federated search.  IntegraL’s links will be displayed over information elements in the user’s current page, instead of requiring the user to move to a separate search page or system (see Figure 1).

Link resolvers (LinkFinderPlus, SFX, 1Cate, etc.) using OpenURL protocols and Digital Object Identifiers (DOI) also have been proposed to bridge the gaps between the “silos of information” of separate database systems.  Link resolvers primarily link citation to citation (although they also may link citations or citation elements to general web searches) (Collins & Ferguson, 2002; Vogt, 2003).  IntegraL will link among citation and non-citation sources as well as other information elements (e.g., headlines, photo captions, key words in paragraphs, geographic names)
.  (Furthermore, we could integrate these existing link resolver systems as metainformation providers and metainformation requesters (described below), bringing their services to additional users and enriching them with the other types of links that IntegraL will be able to provide.)
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Figure 1: “Mock up” of an IntegraL integration with the EBSCOhost database system (not included in the current proposal).  IntegraL has automatically added link anchors (blue “i” icons) to several elements of an article description.  The two sets of links shown were generated automatically when the user clicked on the document title and on the key phrase “physics teaching” respectively.  Selecting any link sends an appropriate request to its corresponding collection or service.

IntegraL’s integration is entirely different, focusing instead on a novel approach to library resource integration.  IntegraL provides a systematic “lightweight” approach for integrating traditional and digital library resources through linking.  “Lightweight” (or virtual) integration requires no changes to system code, so library systems continue to operate independently after integration.  Users see a totally integrated environment.  They use their library system just as before.   But in addition, they see extra link anchors (at the “point of need”).  Upon selecting one, IntegraL automatically generates a list of links to relevant documents, services and metadata.   Figure 1 illustrates this interaction.  This research’s primary contribution is providing a relatively straightforward, sustainable infrastructure for integrating resources across physical and digital libraries, as well as other on-line systems such as electronic bookstores.  

IntegraL’s approach provides value over the cross-database linking provided by vendors such as Serials Solution, EBSCO, WebFeat, and others.  IntegraL provides seekers with links at the point of need within the native mode of the database being searched that lead directly to related materials in an entirely independent database system without intervening steps or proprietary software.

Another major contribution is providing concept-based federated search across all relevant resources.   IntegraL’s federated search will enable users automatically (through a link at the point of need) or on demand to issue a single search query over several relevant, accessible databases and collections.  Query results will be organized by content, dynamically ranked and clustered by topic.  Other metasearch software, such as WebFeat, returns relevant documents organized by source without providing any tools to make useful search results more accessible to users, such as concept-based clustering (see §3.3).

Currently, the first phase of the NSDL’s Core Integration effort is geared toward providing the infra-structure for interoperability of collections through the metadata repository, as well as search and discovery services, rights management services and user interface portal facilities (Lagoze et al, 2002).  IntegraL’s notion of “integration” is different.  It is not geared toward the development of infrastructure; instead we aim to utilize the Core Integration infrastructure in order to provide our integration services.  Our efforts leverage and complement the Core Integration work by exposing new users to the collections and services provided in the NSDL through relevant links from their familiar traditional library systems.  As we mention later, we shall incorporate the NSDL user authentication scheme, include the NSDL search service in our federated metasearch, provide links that display NSDL-harvested metadata, and provide links to the nascent Core Integration annotation service.  This will facilitate a greatly increased number of users to discover and integrate content from both NSDL collections and traditional library systems in order to meet their informa-tion needs.  Thus, a further contribution to the NSDL community is new ways to utilize the CI features.

1.1 Deliverables and Partners

This project has the following deliverables, which we detail later.

Note: Integration into the IntegraL infrastructure will allow digital library, traditional library and other systems to act both as information requesters (a customized set of links will be embedded in display screens for their users) and information providers (links in any display screen can lead to these systems’ documents and services).

1. Applying IntegraL to traditional library systems, in part so they can access NSDL resources directly: 

a. Integration into the IntegraL infrastructure of two commercial database systems for all authorized users at a major technological university: the New Jersey Institute of Technology (Science Direct and the ACM Digital Library) 

Commitment: The supplemental documents include approval from the ACM Digital Library, as well as a strong letter of support from Elsevier (which is currently revising its policies and was unable to commit further).  We shall contact the other systems at the start of the project to alert them of our plans.  If they disapprove we will use different database systems, though given our current support we do not anticipate trouble finding enough test bed systems.  We note that our library’s contracts with these systems does not preclude IntegraL’s lightweight integration, which does not alter any database contents, only the display screens, which libraries customize anyway. While we expect an overall increase in usage of these systems, we do not anticipate much increased use at any single moment at any particular institution, which is a concern of vendors.

b. Migration of these integrations to three other colleges (Cumberland County College, Ramapo College, Olin College of Engineering) to ensure that the integrations transfer easily (and thus the research results are more sustainable), and to broaden our evaluation base

c. Integration into IntegraL of a state-wide on-line library database, JerseyClicks, providing a public library resource directly to people’s homes

d. Integration into IntegraL of a special collection (NJIT’s Electronic Thesis and Dissertation system)

2. Integration into IntegraL of an on-line bookstore site

Rationale and Commitment: On-line bookstores can offer several useful links to library users, such as finding related books, book abstracts and chapter lists, additional reviews, reader comments, and where to purchase used copies (Yoo & Bieber 2000).  Many online bookstores actively encourage people to incorporate links to them.  We will contact candidate systems, and choose one that does not disapprove of our research.  We anticipate little problem, since IntegraL will (virtually) enrich the services they provide and bring many additional users. Users also might choose to go to the on-line bookstore first, knowing that they also would find supplemental links there to other useful resources.

3. Integration into IntegraL of three earth science digital library collections and services: DLESE, StartingPoint and Science@NASA

4. Integration into IntegraL of NSDL Core Integration features: user authentication, direct access to the metadata repository, the NSDL search service and the new core annotation system

5. To better customize (prune and rank order) the set of links that IntegraL generates, a new generation of collaborative filtering will be developed which allows users to provide task information and to rate the links presented

6. Develop a federated “meta” search engine, clustering search results over disparate NSDL and traditional library databases and collections by concept terms

7. Deep evaluation to determine the aspects of integration that users find most effective

8. Dissemination focusing on widespread use and sustainability: fostering an IntegraL community, a Web site, public source code and module libraries, integration guidelines, local and national tutorials

Users of any integrated library system will have access to all other traditional and digital library collect-ions and services (when they meet authorization requirements), both current (such as several digital libraries integrated with our current Digital Library Service Integration prototype), as well as any future integrations.

1.2 Contrasting IntegraL with our Prior DLSI Project

IntegraL will build upon the success of our current Digital Library Service Integration project (DLSI; see §3.1).  But IntegraL’s many contributions are either different from or greatly advance beyond those of the DLSI project.  DLSI provided a proof of concept that integrating digital library collections and services is possible.  IntegraL applies this concept to open the NSDL up to entirely new types of access and new classes of users, those of traditional libraries and on-line bookstores.  Furthermore, applying this concept solves major impediments that traditional library users face.  IntegraL more tightly integrates the NDSL infrastructure.  It introduces a new generation of collaborative filtering.  Federated search over a combined virtual space of NSDL and traditional library resources constitutes another, very different contribution.

1.3 Proposal Outline

We begin in §2 by continuing our review of related research.  §3 explains our current DLSI project and architecture and how one integrates a library system.  It then describes the research involving each proposed deliverable.  §4 describes our dissemination and the steps we are implementing to ensure sustainability.  §6 presents our timetable.  §5 closes by reviewing the broader impact of this research.

2. Additional Related Research

System integration in libraries requires providing users the ability to “seamlessly and transparently access ... library objects in spite of the heterogeneity and dynamism among the information sources, and the com-posite multimedia nature of the objects” (Adam et al., 2000).  The heterogeneity of standards must be addressed in a manner maintaining the autonomy of the various cooperating systems and databases (Paepcke et al., 1998).  

Most efforts at library integration concern OAI initiatives and metadata formats (Suleman & Fox, 2001; Lagoze & Van de Sompel, 2001).  These approaches focus on the ability to search other collections and metadata.  Somewhat closer to our work, some integration approaches look at protocols for embedding citation links and resolving the location of their documents such as OpenURL and Digital Object Identifiers.  Our approach is entirely different from the first, and much broader than the second.  

IntegraL’s integration is most similar to computer system integration, in that as middleware, it provides the mechanism that allows communication and the transfer of data among systems. It also allows one system to initiate actions on another system. This is the “technical” aspect of system integration that focuses on the applications and protocols utilized to enable communication between systems (Nilsson et al., 1990).  Middleware solutions provide standard programming interfaces and protocols that mask the complexity of networks and lower-level protocols (Bernstein, 2000).

IntegraL provides a basic infrastructure and well-defined set of services to enable different systems to communicate.  However, unlike many middleware architectures and e.g., the Stanford Digital Library project (Paepcke et al., 2000), IntegraL does not require any specific protocol compliance.  Library systems communicate with IntegraL through the Web’s HTTP when the user clicks on a link to a service or document.  A library system’s wrapper (see §3.2) communicates with it using its native protocol.

3. Research Approach

In this section we present the DLSI system on which IntegraL is based (§3.1), briefly describe how IntegraL works technically and how to integrate a library collection or service (§3.2), and detail the research concerning our specific deliverables (§3.3).

3.1 Related NSDL Project: Digital Library Service Integration

NSF National Science Digital Library Program: Digital Library Service Integration (DLSI)
Michael Bieber, Il Im, Yi-Fang Wu, PIs, 9/2002-9/2004 (2 years), $475,000

The DLSI project provides an innovative infrastructure for lightweight (or virtual) integration of digital library collections and services.  We coordinated software development with 5 different external partners to integrate a variety of educational collections and services within the National Science Digital Library, as well as NASA’s National Space Science Data Center (NSSDC).  The NSDL systems are AskNSDL (University of Syracuse), the Atmospheric Visualization Collection (Argonne National Labs), the University of Arizona’s document summarizer service, and the Earth Science Picture of the Day system (Universities Space Research Association).   IntegraL will build upon the success of our current DLSI research.  But as we outlined in §1.1, IntegraL’s many contributions are either different from or greatly advance beyond those of the DLSI project.

DLSI Project Completion

In the coming months we will complete the integrations of these NSDL and NASA systems. We also shall complete implementation of the first generation collaborative filtering engine within DLSI.  This will customize (prune and rank order) the list of links, based on the collective clickstream data of all users.

At the end of the current semester and over the summer we shall begin our initial evaluation of DLSI.  The main evaluation goals are to test whether DLSI provides more effective services to users and to seek suggestions for improvements in both the interface and types of services provided.  Although we shall conduct larger scale evaluations of DLSI and its successors in the long term, the evaluation in this specific project will be kept relatively simple to make it feasible in the 2-year grant time frame. 

3.2 Integration Architecture and Steps

We now present the DLSI and IntegraL architecture.  IntegraL differs from DLSI in its focus on integrating traditional library resources and other on-line systems with NSDL resources, as well as in its new generation of collaborative filtering and the new federated search.

Library systems can integrate through IntegraL as metainformation requesters or metainformation providers.  The same system can be both a metainformation requester and provider.   "Metainformation" refers to the four types of supplemental information that IntegraL eventually will handle: structural, content-based and knowledge-sharing links as well as metadata [Catanio et al. 2004; Nnadi & Bieber 2004].)  Together these help the user construct and comprehend the context around and different facets of an element of interest.

Structural links are based on the type (class) of element in which the user is interested, such as an author, a title, a plant, a mineral or a planet.  In Figure 1, IntegraL has marked several possible elements of interest with link anchors and generated lists of links for two of them, of types “article” and “concept/topic.”  Structural links generally exist for every occurrence (instance) of an element.  Content-based links are based on the display content, such as a key phrase that can be looked up in a glossary or a shape that can be compared in an image comparison analysis.  (Non-textual analysis is targeted for future IntegraL research.)   Links could also take users to relevant sets of metadata about documents and elements of interest (e.g., retrieved from the NSDL metadata repository).
Knowledge-sharing services can simply be personal annotations.  Alternatively, they can convey knowledge users have about a document or element of interest.  Knowledge-sharing features include user-declared links, comments and discussions.   (Each feature can have access permissions specified, e.g., for being created, modified, deleted, linked to, and commented upon by an individual, work group or the general public.).  We shall look to integrate knowledge-sharing services as NSDL and other groups develop them, such as the NSDL Core Integration’s new annotation service under development.  Future research includes developing any of these on our own if no suitable services exist that we can integrate.

When a metainformation requester is about to display a document or screen, IntegraL automatically adds link anchors to any element it recognizes.  When the user clicks on an anchor, IntegraL automatically gen-erates a list of links to related resources and applicable services for that element.  When the user selects one of these links, IntegraL will send the appropriate URL or commands to the corresponding metainformation provider system to produce this metainformation.  Figure 1 illustrated a mockup of IntegraL’s interface applied to a traditional library system for the proposed IntegraL extensions.  (This interface is similar to DLSI’s.  One can also experience the prototype first-hand at [http://hynic.njit.edu].)  DLSI currently works for HTML and XML documents.  Planned extensions will engineer IntegraL to handle PDF documents.

To integrate a traditional or digital library system that will request information for its screens (in the form of links), a technical analyst will write a wrapper and register it with IntegraL. (Actually we shall start expanding beyond the wrapper approach in the next version of the IntegraL Integration Engine, enabling library systems to use other techniques for identifying elements that will request metainformation.)

To integrate a library system that will provide information (services), an analyst must register relationship rules, as well as any glossaries or thesauri for IntegraL’s lexical analysis.

Figure 2: High-level Architecture.  IntegraL comprises the shaded area.  The dashed paths indicate that once integrated, library systems can share features through links automatically.  The systems also continue to operate independently of IntegraL.

Figure 2 presents a high-level architecture for IntegraL.  Details may be found in (Catanio et al., 2003; Nnadi & Bieber, 2004).

Wrappers: Wrapper’s analyze (“parse”) the display screens that appear on the user’s Web browser to identify the “elements of interest” that IntegraL will make into link anchors.  First, wrappers use the screen’s layout or template to identify structural elements (author, title, journal, collection, etc.)  Second, IntegraL will perform lexical analysis to identify any key phrases within any registered glossary or thesaurus.  IntegraL will generate a link anchor (blue “i” icon) for every structural or key phrase element identified.   Wrappers help DLSI and IntegraL integrate services that generate pages based on user queries or other interaction (Catanio et al. 2004; Zhang & Bieber 2004).

Relationship Rules: Relationship rules capture the services that each system can provide for every kind of element. Together with IntegraL’s lexical analysis, this defines the integration that occurs virtually along the dashed paths in Figure 2.  When a user selects the link anchor over an element of interest, IntegraL collects the relationship rules declared by every system for that element type, turning each into a link (along with the lexical findings).  Relationship rules can specify the conditions for their use, so they can be customized to the current user’s task, preferences and access permissions.

We illustrate with a structural relationship rule.  Other metainformation have analogous relationship rules [Catanio et al. 2004; Nnadi & Bieber 2004].  Each structural rule represents a single relationship for a single element class.  As elements can have many relationships, each element class can have several rules.  Each element instance triggers the same set of rules, assuming conditions are satisfied for each.  E.g., in Figure 1, the rule underlying the first link for the concept “physics teaching” would include the following parameters:

a) the element type (in this case “concept”)

b) the link display label (“Ask an expert about this”) 

c) any relationship metadata ((as opposed to element metadata, which has its own rules) relationship meta-data describes the relationship or link and could include a behavioral type (e.g., “query” or “computa-tional”), semantic type (e.g., “detail”), keywords, etc., useful for filtering links) (Oinas-Kukkonen 1998)
d) the destination target application system (AskNSDL)

e) the exact command(s) to send to the destination system (these will authenticate and log in the user, create a new question template, and fill in “physics teaching” as the question topic)

f) any relevant conditions for including this relationship (including the user types and tasks that would find this useful, level of expertise required, access restrictions, and so forth) 

To emphasize the core idea behind relationship rules: because they operate at the “class” or “kind of element” level, each relationship rule works for every element of that class or kind.  This means that the rule just described applies to any “concept” element within any document or screen displayed by any library collection or service.

Library and other on-line system developers have several incentives to integrate with IntegraL:

· IntegraL virtually enlarges the size of a collection and the "feature set" or services that a library system (metainformation requester) provides through links to related information and relevant services that external systems (metainformation providers) provide.

· IntegraL brings more users to a library system (metainformation provider) because it has related information or relevant services.

· Users also become aware of related systems (metainformation providers) through seeing links to them within other systems.  Similarly, IntegraL causes users to be aware of the kinds of information and services that are available, because of these links.

· IntegraL streamlines individual library systems by providing direct access through links among a sys-tem’s information and functions, sparing the user from navigating through a possible series of menus.

· IntegraL’s lightweight approach is cheaper in time and resources than other integration approaches, with minimal or no changes to a library system’s documents or code.

Initiating DLSI/IntegraL Use

The user can initiate using DLSI/IntegraL in several ways.  

· Library systems can include a menu option or user preference to view all displays with IntegraL links attached.  This link would lead to the local IntegraL server and all subsequent pages would then pass through it before display to the user. (With a fast server we anticipate minimal delay.)  In most cases, this would be the only modification required for a collection or service to integrate with IntegraL.  

· If the NSDL program agrees, users also could access IntegraL at the NSDL entry point (http://www.nsdl.org/).

· The user could access IntegraL automatically through a proxy entered into their Web browser’s preferences screen.

· The user can start at IntegraL’s Web site and choose an initial collection or service there. 

3.3 Research Scope

This research will have several deliverables.  Most greatly extend IntegraL’s scope or functionality over our original Digital Library Service Integration prototype.  This section supplements §1.1.

 (1) Applying IntegraL to traditional library systems, so they access NSDL resources directly

We shall integrate two types of traditional library systems into IntegraL, so they can access NSDL resources directly: commercial database systems and special collections.

(1a) Integrate two commercial database systems for all authorized users at NJIT (Science Direct and the ACM Digital Library)
IntegraL will integrate these popular library systems at New Jersey Institute of Technology (NJIT).  As outlined in §3.2, we shall write wrappers and relationship rules for each, and incorporate any glossaries they contain with IntegraL’s internal lexical analysis system.   Through supplemental links, users then will be able to interact with other integrated traditional library, NSDL and on-line systems, as illustrated in Figure 1.  These database systems will be both metainformation requestors (as in Figure 1) and metainformation providers (with links leading to them) for all (authenticated) library users.

(1b) Migrate these integrations to several other colleges to ensure that integrations transfer easily (thus facilitating sustainability) and to broaden our evaluation base

Once a traditional library system is integrated into IntegraL, we believe that it should be relatively easy to “migrate” it to another institution owning the same system.  One would merely copy the wrappers and relationship rules.  Technical analysts at the library would have to slightly modify the wrappers to match any customizations they had made, such as displaying their library name and menu options, and coordinate any user authentication (one of our research issues), but otherwise no modifications should be necessary.

Migration should work regardless of the individual databases supported by the vendor system.  For example, EBSCO hosts many databases, such as Scientific American Archive Online, Marshall Cavendish Science Reference Center and Marshall Cavendish Science Wildlife Center.   Users access all through the same interface.  Because IntegraL wrappers and relationship rules integrate at the interface level, any integration of EBSCO, for example, should work for any or all of its databases.

We have agreements with Cumberland Community College, Olin College of Engineering and Ramapo College to migrate database systems from NJIT.  This will give us test beds for migration, to ensure integrations transfer easily, and enable us to test different authentication schemes.  This will ensure IntegraL’s flexibility and the sustainability of our research results.  It also will broaden our evaluation base.

(1c) Integrate a state-wide on-line library database system, JerseyClicks, providing a public library resource directly to people’s homes.

JerseyClicks [http://www.jerseyclicks.com/] brings traditional library databases to all New Jersey residents, who can sign in using their local library card’s bar code identifier.  JerseyClicks will both be a metainformation requestor, bringing links to the NSDL and other library resources to this large user base, and a metainformation provider to its resources for state residents. 

(1d) Integrate a special collection, NJIT’s Electronic Thesis and Dissertation system (ETD)

IntegraL has the potential to vastly increase access to tradition libraries’ special collections.  To demonstrate this we shall integrate NJIT’s Electronic Thesis and Dissertation system (ETD) as both a metainformation provider and a metainformation requestor.  (Note that NJIT plans to increase coordination with the Networked Digital Library of Theses and Dissertations [www.ndltd.org/] in the next few years.)

(2) Integrate an on-line bookstore site
To increase information resources and give yet another large group of users NSDL access, we shall integrate an on-line bookstore, both as a metainformation requester and a metainformation provider.

This initially will be a proof-of concept integration of an on-line bookstore.  It make take longer to demonstrate to commercial ventures that IntegraL integration truly is beneficial, and then provide an entry link to IntegraL.  Until that point, users will need to access IntegraL first through one of the other integrated systems, and then links to and from the bookstore will appear.

(3) Integrate three Earth Science digital library collections and services
To provide a larger test bed for our evaluation, we have agreements to integrate three earth science collections and services: Science@NASA [http://science.nasa.gov/], DLESE [http://www.dlese.org/] and Starting Point [http://serc.carleton.edu/introgeo/].  They will be integrated as a combination of metainformation providers and metainformation requestors.  This will provide IntegraL’s benefits to very large user base within the NSDL, as well as give traditional library users access to a larger set of NSDL resources.  (Starting Point is designed especially for instructors, who will participate in our evaluation’s focus groups.)

(4) Integrate NSDL Core Integration features
IntegraL shall incorporate several NSDL Core Integration (CI) features.  We shall use the NSDL Shibboleth scheme as our initial approach to ensuring user authentication within traditional library services.  (Part of integration with IntegraL will entail this coordination.)  IntegraL will include the NSDL search service in its federated metasearch.  Furthermore, people using the NSDL search service directly will see IntegraL links embedded within the search results.  IntegraL will include links that display NSDL-harvested metadata for NSDL-registered resources.  IntegraL will provide links to the nascent CI annotation service, so users can use it to annotate any traditional or digital library resource, as well as directly access a link to existing annotations for a resource.  In these ways, IntegraL contributes new ways to utilize the CI features.

(5) A New Generation of Collaborative Filtering to better customize (prune and rank order) the set of links generated, redesign IntegraL collaborative filtering to allow users to provide task information and to rate the links presented

Collaborative filtering (CF) filters information based on people’s evaluations or behaviors (Kostan et al., 1997).  The DLSI project implemented the initial version of a CF system.  The main algorithm used is Markov Chain based CF.  CF currently filters and rank orders the links within the DLSI system, customizing the link set for relevance to each user (Breese et al., 1998; Weiss & Indurkhya, 2001).  
Redesigning Collaborative Filtering
Users often perform different tasks within a library system at different times, requiring different customi-zations for each task.  Multiple needs (multiple contexts) of a user can be supported with CF by combining the CF algorithm with other context information, such as current task (Good et al., 1999; Im & Hars, 2001).  In order to support multiple contexts (different kinds of tasks) for the same user at different times, users will be asked to optionally enter their current task. They can choose one from a predefined list or add a new one if it is not in the list.  Thus the link order very likely will vary for the same user across task contexts.  This more precise rank ordering will improve user performance because it reduces the time in searching for appropriate links.

A major advance will be automatic task detection. Users’ navigation patterns in Web browsing vary depending on the user’s characteristics and needs (Montgomery & Srinivasan, 2003).   We shall implement and test an exploratory module for detecting user needs automatically based on the navigation patterns.
Another new approach is collecting direct link evaluations (ratings) from users and then integrating these with the clickstream-based CF.  Direct evaluations from users are hard to collect, but the most accurate information for CF (Herlocker et al. 1999, Zhang & Im 2002).  We shall explore different ways of integrating these to come up with optimal configurations for library users.
All of these extensions will improve the accuracy of our CF engine in pruning and rank ordering links.

(6) Develop a federated “meta” search engine clustering search results by concept over disparate NSDL and traditional library databases and collections

A major research contribution is a new type of federated metasearch engine, MetaFed.  MetaFed will be based on concept organization techniques pioneered and proven highly useful to users in our current Highlight prototype (http://highlight.njit.edu; Wu & Chen, 2003; Wu et al., 2003, 2004).  In order to prevent the potential cognitive overload of an overwhelming number of hits, MetaFed will cluster documents according to a series of categories, within which users can browse.  For example, the query “star” could retrieve documents about stars in the sky or movie stars.  These documents could be classified into “science” and “entertainment” categories.  Within each, concepts from documents are used to develop concept hierarchies, further clustering documents by noun phrases.  This hierarchical interface will help library users navigate large numbers of returned documents with ease.
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Figure 3: Screen shot from the current Highlight metasearch prototype, which would result from selecting the federated search link in Figure 1’s list of links for the concept “physics teaching.”  The merged list of documents is shown in the right-hand frame, with the name of the search service providing each result noted at the end of its entry.  Key noun phrases are clustered in the left-hand panel along with the number of documents relevant for each.  Selecting any key phrase displays its relevant documents.  Users can obtain either the full text of a document or just the paragraphs related to the query. 

MetaFed will send a user’s query to all relevant integrated databases accessible to the user from tradition-al library systems (databases and on-line catalogs), the NSDL search service [http://www.nsdl.org/search/], and the on-line bookstore.  Duplicates will be removed and Highlight’s ranking function will automatically merge and re-rank them based on their individual search engine rankings, before organizing them into concept hierarchies.

Our Highlight prototype (see Figure 3) currently uses document categories based on manual classifiers collected from the Open Directory Project (http://dmoz.org).  Because the Open Directory Project’s categories only pertain to the Web, MetaFed will need a new set of categories for scientific, academic and public library documents.  To determine these we shall identify major domains, collect representative documents, and finally extract manual classifiers to form the basis of real time document categorization.

The major challenge in this research is obtaining enough snippets or abstracts.  It will be difficult to combine search results from bibliographic and full-text databases to form a concept hierarchy, because each returns different types of hits.  EBSCO’s search returned list contains titles, author names, sources, and page numbers, but no abstracts.  The abstracts instead are linked to the search result page.  Getting abstracts from each link would be inefficient.  Users do not wait long for search results. 

To date, Highlight only uses source search engines that include snippets in their search results.   Obtain-ing snippets, extracting noun phrases, and organizing them in the concept hierarchy has been both effective and efficient.  Our major research issue with MetaFed is reengineering concept hierarchy development to in-clude systems that do not return abstracts or other text snippets.  Our guiding principle is balancing effective-ness and efficiency.  Once solved, this will benefit search research in general as well as this specific project.

 (7) Deep evaluation to determine the aspects of integration that users find most effective

An intensive evaluation will examine the effects of IntegraL on user behaviors and library resource utilization.  It will also determine which integration aspects users find most effective and satisfying.  Identifying these will inform traditional and digital library developers in the future.  It should determine which aspects of library integration are most useful, and thereby both encourage others to integrate their systems and guide the degree of integration beneficial for different user populations.

4. Dissemination and Sustainability

Our aim is for all libraries nationwide to use IntegraL.  Once a resource has been integrated (the wrapper and relationship rules described in §3.2 have been registered), IntegraL will be able to process any request to that resource.  For example, once any Science Direct database has been integrated, IntegraL will service any query to any Science Direct database, and include it within federated searching.    Furthermore, since many libraries use the same resources, the wrappers and relationship rules from one library should transfer to the other libraries with a moderate amount of technical effort and minimal modifications, as we shall demonstrate. (Once we have shown the improvement in library effectiveness that this research will achieve, we hope to convince database and other vendors to integrate their products directly, instead of each library adapting on their own.)

Once connected, a library resource would be accessible to the global network of users.  (Resources behind a firewall will be hidden or require user authentication.)  Library resources, in essence, will become part of a large, “deep sharing” virtual library (Seaman, 2003).  This will bring relevant resources in any location directly to the user, as well as bring relevant users directly to special collections and other specialty resources.

Sustainability will be ensured through fostering an IntegraL development community that will thrive long after the formal end of this grant.  Our project Web site will contain free of charge: the open source IntegraL code; a public repository of wrappers, relationship rules and other integration modules for traditional and digital library resources; separate discussion listserv/newsgroups for library users, non-technical library staff, and developers; integration guidelines; tutorials; and both the academic and professional publications.  

With these, developers should be able to integrate library resources on their own.  We also will provide support free-of-charge during the grant period.  Afterwards we will charge for any major assistance required, in order to fund maintenance of the community.  NJIT will host the Web site free-of-charge.

IntegraL and its development community will become known as we publish, and through tutorials both in regional workshops and national/international traditional library and digital library conferences.  

IntegraL will provide a sustainable, replicable infrastructure for integrating traditional and digital libraries, bringing relevant information resources directly to library users, thereby increasing their effectiveness.
5. In Conclusion

IntegraL will increase the accessibility and effective use of digital and traditional library resources as well as related on-line systems.  IntegraL will expose library resources to the users who specifically could benefit from them (through the new context-sensitive links IntegraL generates).  This especially is the case for NSDL resources, which rarely are accessed by users of traditional libraries.  This will lead the most appropriate users directly to library resources, thus increasing their usage by those who could most benefit.

Extending IntegraL’s features to an on-line bookstore is just a first step towards integrating digital and traditional library resources into related on-line systems, which has the potential to extend into other bookstores and related resources such as e-books.

Many students and members of the general public only have access to the Internet at their school or public library.  IntegraL will bring the NSDL directly to these users from whichever on-line library resource they use.  This will make their library activities more effective as well as give them more on-line experience.

As the NSDL and Core Integration effort turn to a new emphasis of supporting middle school students, we believe our integration approach will serve middle school libraries, teachers and students equally well as college-level users.  Some library databases and several NSDL collections in part serve middle school users.  While the proposed project is not aimed specifically at this group, we anticipate that it will lay the groundwork for extensions and studies targeted to benefiting all secondary school students both within and outside school settings.

This project will involve many undergraduate and graduate students, both in software development and evaluation at NJIT, thus exposing them to and increasing their understanding of research.
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� The NISO OpenURL standard recently is being considered as a standard for non-citation linking [Van de Sompel & Beit-Arie 2001], an approach that DLSI and predecessor systems have taken from the very start [Bieber & Kimbrough 1992; Bieber 1998].  The next release of the core DLSI engine, which IntegraL builds upon, will use OpenURL as its internal as well as external standard protocol.
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