The NCore Platform

NCore is the NSDL open-source suite of tools and services for creating production digital libraries, such as NSDL.org, repository systems, and content-rich STEM learning environments. A core function of the NSDL Technical Network Services (TNS) is to support, maintain, and extend this platform to meet the evolving needs of the NSDL and STEM communities. 

NCore’s development is guided by a number of key architectural design principles:
· Build on robust, open-source technologies and employ open vendor-neutral standards, protocols and architectures

· Follow a web-services based architecture to enable library tools and services to be easily combined and embedded in end-users’ teaching and learning workflows, and used by third parties to create innovative libraries, portals, and learning applications

· Employ modular design to ensure that tools and services can be easily added, independently modified, and removed as needed without impacting other operations

· Listen to the specific needs of community members in order to identify general solutions of broad utility that can be configured to meet a wide range of educational needs across the full sweep of disciplines and audiences that make up NSDL.
The role of the NCore platform in the three tier NSDL technical infrastructure as a mediator between community-contributed collections and audience-specific portals, tools and learning applications is shown in Figure 1. The NSDL Data Repository forms the heart of NCore; the platform also consists of a number of tools and services for digital librarians and end-users, including search services, the NSDL Collection System, the Strand Map Service, the Expert Voices blogging system, and a repository-integrated wiki for collaborative authoring around NSDL resources. Most of these components are released on SourceForge under open source licenses.
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NSDL Data Repository (NDR) and API: NCore consists of a central repository (the NDR) and a web services interface (NDR API) that enables community members to develop new tools and services. The NDR houses and manages library content. It currently contains metadata descriptions of over 2 million STEM resources in over 150 collections. These collections are developed, curated, and contributed by the STEM community, including NSDL Pathways, Selections Services and other grantees, as well as external organizations such as universities, federal agencies, and publishers. The NDR was designed to support the highly distributed nature of NSDL by providing a purpose-built data model for integrating collections created and managed by different institutions. The NDR is implemented in the open source Fedora repository platform, which is a mature, scalable platform that can handle large volumes of content and users. The NDR leverages the Fedora data model, using Resource Description Framework (RDF) triples to support sophisticated relationship modeling between resources, metadata, annotations, and standards. This approach enhances the pedagogical value of digital education collections by enabling rich semantic relationships among resources to be incrementally and flexibly added by collection developers, teachers, learners, and other NSDL users. 

Search Services: The NCore platform includes two REST-based search services for library metadata records and text content, built on the open source packages Lucene and Nutch. The general search service allows fielded search of NSDL resources using Dublin Core metadata fields in the NDR, as well as full-text searches of the crawled content of available library resources. Fielded search enables users to locate resources by grade level, format, subject, and collection. The Digital Discovery System search service is optimized to support the rapid construction of audience-specific portals and applications and can be flexibly configured to search over any XML schema structure. It also supports geospatial searching and can be integrated with Web 2.0 applications such as Google Maps. Both search services are used by NSDL Pathways, Services, and other grantees.

Collection Management System: This system enables collection developers to efficiently and flexibly create and manage collections of metadata describing educational resources, such as learning objects, user-provided comments and reviews, scientific data sets, and other curricular components. This system supports NSDL DC (Qualified Dublin Core and some additional fields) and can dynamically generate cataloging interfaces for a range of metadata frameworks and structured text collections given an XML schema representation. It also supports the assignment of science education standards and geospatial information to resources. 

Expert Voices: The NSDL Expert Voices blogosphere was created using Word Press MultiUser blog technology. Blog posts, comments and resources may be integrated into the library with plug-ins to the NSDL Data Repository (NDR). Blog authors can search NSDL for resources, which can be linked to their blog posts. The posts themselves can be published as NSDL resources, and the linkages are captured in RDF triples in the NDR. Within Expert Voices, authors can add metadata to existing NSDL resources and create metadata for new resources. Author and editor rights in Expert Voices are controlled on a per user and per blog basis. Expert Voices is currently operating in production with over 44 individual blogs and 861 registered users.
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NSDL Wiki: The NSDL Wiki is an implementation of MediaWiki, the system underpinning Wikipedia, using plug-in extensions to fully integrate the wiki system into the library. Wiki pages can reference NSDL resources, add metadata to those resources, and create new external resource references in the library. In addition, wiki pages themselves can be published as new NSDL resources. An example of the educational value of the NSDL Wiki are the recently released “Classic Articles in Context” providing new educational context for classic scientific articles in a growing set of fields. Editing rights for a set of related pages in the NSDL Wiki can be administered on a per user basis. 

Strand Map Service: The Strand Map Service provides a web service protocol supporting the construction of interactive knowledge map interfaces based on the learning goals articulated in the American Association for the Advancement of Science (AAAS) Benchmarks for Science Literacy and the learning progressions and strand maps published in the AAAS Atlas of Science Literacy. Software developers use the web service protocol to construct knowledge map interfaces appropriate to the needs of their specific audiences using dynamically generated visualizations provided by the Service. The resulting interactive map interfaces enable educators and learners to: (1) discover educational resources supporting learning goals, (2) browse learning goals and their interconnections, and (3) enhance their own content knowledge by examining related learning goals, the National Science Education Standards, and prior research on student conceptions. This service is being used to support the NSDL Science Literacy Maps (http://strandmaps.nsdl.org/), the Educational Benchmarks Collection, and other applications.
K-12 Science Education Standards: NCore uses Achievement Standards Network (ASN) identifiers as the mechanism for representing educational standards. These identifiers support the unambiguous referencing and interchange of educational standards across services, collections, and digital libraries. This approach maintains a mapping between standards and a unique, resolvable URI. The Content Assignment Tool (CAT) helps collection developers to assign education standards to resources. It uses natural language processing algorithms to analyze a target digital library resource and suggest a ranked list of potential standards from a specified standards framework. Currently this tool is available through web page and web service interfaces. The next release of the NSDL Collection System will embed the Content Assignment Tool into the cataloging workflow, enabling collection developers to easily incorporate standards assignment into their cataloging processes. 

OAI-PMH Harvest Aggregation System: NCore includes a large-scale OAI-PMH harvesting management and metadata aggregation system, which controls the automated scheduling, performing, and reporting on collection harvests. This system currently harvests metadata/resource record updates from 127 collections. These records are represented using the NSDL Qualified Dublin Core metadata framework.

Other NCore components (not shown in Figure 1), many developed by community partners and integrated into the infrastructure, include:

Community Sign-On: An NSDL-wide single sign-on technology based on Shibboleth is designed to provide users with seamless access across distributed NSDL Pathways and other sites. Shibboleth Service Provider clients have been implemented for the nsdl.org web site, the Expert Voices blogging service, and the NSDL Wiki. 

OnRamp Multimedia Content Management System: OnRamp supports the creation of multiple modes of dissemination of STEM education content from a Fedora based repository using the OnFire extension of Fez institutional repository system. It has recently been put in production in support of “Beyond Penguins and Polar Bears: Integrating Literacy and IPY in the K-5 Classroom” where it supports creation of the multimedia cyberzine. It is also used to store and manage the dissemination of other NSDL content, such as the monthly NSDL Whiteboard newsletter. 
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Figure 1. The NSDL Technical Service Provider Architecture and Existing Infrastructure
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Figure 1: The NSDL Technical Network Services architecture and existing Infrastructure
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