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Abstract: We present a method of facilitating semantic data integration and interoperability between collaboration tools such as weblogs, wikis, and social bookmarking tools and digital object repositories. The goals of the work are to (1) enable communities of interest to collaboratively develop ontologies and harmonize metadata, (2) facilitate annotating and tagging digital objects such as documents and images that are archived in digital object repositories, (3) associate digital objects with their annotations, and (4) mine the data in order to build recommendation systems. The keys to the method are providing unique identifiers for shared data, such as digital objects and their annotations; establishing a common format for exchanging data; and utilizing standard protocols for exchanging metadata among repositories. Pilot projects are currently being conducted at the Los Alamos National Laboratory and the University of New Mexico.
The metadata associated with digital objects is typically domain-specific and may even be time-sensitive. In order to harmonize metadata and determine the interdisciplinary meaning of a digital object, the metadata needs to be collaboratively created or revised by a community of interest consisting of end users with different areas of expertise. No tools currently exist with all of the features required to support this kind of collaboration. By facilitating semantic data integration and interoperability among several standards-based open-source tools, however, it is possible to create a system that does so.

One category of social software tools is weblogs and wikis, which allow users to create and/or post content in a common workspace in order to share it with others. A variation on this is image management tools, which allow users to post images to the web and share them with others. Content management systems (CMS) often include more than one tool. Drupal, for instance, can be configured to include a weblog, a wiki, a collaborative authoring environment (books), a collaborative discussion tool (forums), and an image management tool (Gallery).

Another category of social software tools is bookmarking tools, which allow users to share their bookmarks and the tags, or keywords, they use for annotating their bookmarks. These tools have matured and are in their second generation. After the social bookmarking tool del.icio.us was created for the general public, the Nature Publishing Group created the social bookmarking tool Connotea for researchers. Drupal includes a del.icio.us module and an RSS aggregator that can display a feed of recent bookmarks and tags from Connotea.
While no single social software tool has all the features a community of interest might desire, together they can provide a rich environment for collaboratively annotating the text, images, and bookmarked items created in, posted to, or displayed in a common workspace. Furthermore, this system can be extended and scaled up to include digital objects in digital object repositories. The current generation of digital object repositories includes many kinds of content: work-related documents and images; scientific datasets, annotations of these datasets, and other forms of pre-published content; and published content such as bibliographic records, abstracts, and full-text PDFs of articles. All of these objects have metadata associated with them that may need revision over time.
Both humans and machines can add content to digital object repositories. Institutional repositories such as DSpace, an open-source institutional repository tool, allow users to archive their own pre-published datasets and articles. End users can submit their work to their institutional instance of DSpace and the DSpace workflow supports a review process through the appropriate institutional channels.
DSpace, aDORe [1], Fedora, and other digital object repositories follow standards developed and adopted by the Open Archives Initiative (OAI). [2] The OAI Protocol for Metadata Harvesting (OAI-PMH) enables interoperability among OAI repositories so that digital objects in OAI repositories can be harvested and ingested by other OAI repositories. [3] After a user adds content to an OAI repository, the content is available to other digital object repositories, and other users, via an information flow among distributed, interoperable repositories.
The content created by users in collaborative workspaces can also be added to digital object repositories as long as it is associated with unique identifiers and uses a common format for exchanging data. Many of the emerging web-based collaboration tools are capable of exporting or ingesting data in compatible formats. Drupal, Gallery, Connotea, and DSpace, for example, can all export some type of structured data, typically using XML, RDF/XML, Atom or some other flavor of RSS/XML. Information in one tool can be published in another.
A user scenario enabled by these tools and methods might involve a user archiving a digital object such as an image to his institution's DSpace repository along with suitable metadata. The image is automatically assigned a unique identifier in the repository and published in an information feed. The newly published image is stored in the Gallery module of various Drupal sites. Included in the feed are the image, metadata (including the unique identifier), and pointers to related objects. Another user working in one of the Drupal workspaces learns by viewing the feed that a new image is available to examine. Within the Gallery module, she compares the new image to other images and annotates or tags it. She posts her annotation in the Drupal weblog and tags the post using the structured tagging or free tagging component of Drupal. Another researcher, working in yet another Drupal workspace, bookmarks, tags and annotates a published paper in Connotea which relates to the image. All references to the image include its unique identifier. By virtue of being discussed, annotated and tagged in various tools, the image is now associated with a rich set of metadata that needs to be archived. The new metadata posted in various Drupal sites is automatically rendered as a feed and can therefore be picked up for ingestion in the DSpace repository housing the original archived image. This publishing cycle may be ongoing for the life of a specific investigation or for many separate investigations.
Thus, a human-computer workflow can be created that integrates human collaboration enabled by social software tools and machine collaboration enabled by compatible data formats and standard protocols. Semantic data integration and interoperability between collaboration tools and digital object repositories can be achieved and can support the collaborative annotation of digital objects and harmonizing of metadata.
The proposed presentation will be a PowerPoint presentation with screen shots of projects and links to an active DSpace and Drupal site. It is desirable, but not necessary, to demonstrate the active sites during the conference and Internet connectivity is required to do so. The 10-page version of the paper will provide details about each of the topics summarized above as well as a description of future work.
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