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A. Specific Aims

The specific aims for Core 5, Education, are:

1. We will establish links between the Center and existing, strong training programs in biomedical informatics at Stanford, Berkeley, UCSF, Mayo/Minnesota, and Buffalo.

2. We will create a postdoctoral program in biomedical ontologies, providing cross-disciplinary training in biology and computer science.

3. We will develop tutorials and workshops for scientists in biomedicine, biomedical informatics, and computer science concerning the use of ontologies in their research.

4. We will create a visiting scholars program.
B. Studies and Results
Aim 1: We will establish links between the Center and existing, strong training programs in biomedical informatics at Stanford, Berkeley, UCSF, Mayo/Minnesota, and Buffalo
Strong training programs already exist at our core performance sites.  Since initiating our Center, we have begun to cement the ties between our groups to create a substantial foundation for training in biomedical informatics in general and biomedical knowledge management and integration in particular.
As described in our Core 4 report, we set up a Wiki as a vehicle for sharing educational materials across all performance sites.  All educational materials created by our contributing faculty and staff are posted on the wiki for dissemination to the community.  For example, Drs. Musen, Lewis, and Smith recently participated in an educational panel at the AMIA conference, focusing strongly on the use of ontologies as a unifying framework for capturing knowledge for the purposes of developing electronic medical record systems, building laboratory information systems, performing data-integration, annotating experimental data, and designing intelligent computer systems.  
Each of our performance sites has regular research seminars and colloquia.  We at Stanford have begun videotaping our seminars and colloquia and make them available on the Web via streaming video.  Trainees at each of the performance sites therefore are able to observe our seminars at their sites.  These archived research seminars on the Web also constitute a valuable educational resource for the biomedical and informatics communities at large.
During our first year, we also had a workshop on imaging ontology, led by Dr. Smith. We broadcast that seminar live over the Web via streaming video and archived the lectures as well. We are making them available for viewing by trainees and others interested in learning more about ontology for imaging.
Aim 2: We will create a postdoctoral program in biomedical ontologies, providing cross-disciplinary training in biology and computer science
All our performance sites already train graduate students and post-doctoral fellows in the area of ontology and biomedical informatics and have generous existing resources dedicated to this purpose.  The creation of our Center has enabled our sites to promote the development and use of biomedical ontologies within these training programs in a much more coherent manner.
To date we have hired two post-doctoral fellows who are performing advanced work in biomedical ontology. Nigam Shah is a post-doctoral fellow situated primarily at Stanford who is focusing on Core 1 and Core 6 activities.  Fabian Neuhaus is a fellow situated at University at Buffalo, concentrating mostly on on sound methods for ontology development and evaluation as well as participating in ontology development workshops. A third fellow will be appointed at Lawrence Berkeley Laboratories, and will primarily concentrate on Core 2 work.  
Our post-doctoral fellows participate actively in the Center’s outreach activities, and all of them are assisting in the dissemination workshops that form the focal point of Core 6.  
This year, they have attended two workshops related to PaTO ontology development, as well as the workshop on image ontology.

One of our post-doctoral fellows, Nigam Shah has done some exploratory work bridging the domains of biomedical ontology and pathology, by creating an approach to map data in a tissue microarray database to terms in ontologies.  He has worked with the Stanford Tissue Microarray Database (TMAD), a repository of data amassed by a consortium of pathologists and biomedical researchers. The TMAD data are labeled with multiple free-text fields, specifying the pathological diagnoses for each tissue sample. These annotations are spread out over multiple text fields and are not structured according to any ontology, making it difficult to integrate this resource with other biological and clinical data. We developed methods to map these annotations to the NCI thesaurus and the SNOMED-CT ontologies. Using these two ontologies we can effectively represent about 80% of the annotations in a structured manner. This mapping offers the ability to perform ontology driven querying of the TMAD data. We also found that 40% of annotations can be mapped to terms from both ontologies, providing the potential to align the two ontologies based on experimental data. The approach Nigam developed provides the basis for a data-driven ontology alignment by mapping annotations of experimental data, and will provide a potentially useful service that we will be able to incorporate into our BioPortal (Core 1).
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Aim 3: We will develop tutorials and workshops for scientists in biomedicine, biomedical informatics, and computer science concerning the use of ontologies in their research
Our Center has been working vigorously to organize full and half day tutorials and workshops in association with major conferences for which the work of the Center may be relevant.  We have been targeting not only the biomedical informatics community but also the biomedical research community, as we need to educate not only developers but also users of our Center’s resources. 
This year, Suzanna Lewis and Barry Smith gave a tutorial on the principles of ontology construction, Mark Musen presented a tutorial covering the foundations of ontologies in biomedicine, and Daniel Rubin presented a demonstration of Protégé-OWL on creating ontology-driven reasoning applications with the Web Ontology Language at AMIA 2005.  At the same meeting, Drs. Mark Musen, Barry Smith, Chris Chute, and Suzanna Lewis presented an invited panel entitled: "Ontologies in Biomedicine: What is the 'Right' Amount of Semantics?" in which the mission and goals of the National Center for Biomedical Ontology were addressed.  Barry Smith presented a workshop on bioontologies at the University of Buffalo, Suzanna Lewis participated in a phenotype working group meeting at Cold Spring Harbor, and Daniel Rubin presented an invited talk on the Center and bioontologies at the Semantic Web Life Sciences Workshop, Molecular Medicine Tri-Conference.
Suzanna Lewis, Mark Musen, Michael Ashburner, and Barry Smith presented a tutorial on “Principles of Ontology Construction” at the Conference on Intelligent Systems for Molecular Biology in Detroit.  
Barry Smith and Mark Musen have organized and will be presenting a one-week invitational workshop on Biomedical Ontology at the Schloss Dagstuhl International Research and Conference Center for Computer Science near Saarbrücken, Germany, later this year.
Our post-doctoral fellow, Nigam Shah is creating an ontology manual in collaboration with Barry Smith to serve as a primer on ontology for the biomedical community and to set forth ontology best practices.  Topics of this manual will include introductory material (what is an ontology, reference ontology vs. application ontology, differences of ontology vs. vocabularies and database schemas), ontology design principles, and examples.

Aim 4: We will create a visiting scholars program
Even in our first year, we have begun using the activities of the Center to broaden the training investigators in gaining deeper understanding and experience in the creation and use of bio-ontologies.  Our Stanford site is currently hosting Dilvan Moreira, a professor at the University of St Paulo, Brazil, who is spending several months in residence at our Center as a visiting researcher.  Dr. Moreira is interested in agent- based systems and the Semantic Web, and has been exploring opportunities of using this technology in connection with our Center’s activities.  Dr. Moreira has been participating in regular laboratory meetings of our Center, interacting with our post-doctoral fellow and students in our Center, as well as attending our seminar series, as well as interacting frequently with other participants in our Center via email and video conferences.

C. Significance

The activities of our Center promote the training of deeply focused biocomputational scientists who are seeking significant experience in the design, application, and use of biomedical ontologies.  We see the educational activities of the trainees at our performance sites as unifying the research and development activities of the Center.  Trainees are extremely good at perceiving new interdisciplinary connections and in creating unanticipated linkages across different research and development groups.  Such linkages are of special importance in an area of cutting-edge research, where problems are often approached simultaneously by different groups unaware of each other’s work and unaware of the pitfalls of independent development of tools, skills and knowledge frameworks in an era where high intensity data integration is increasingly required.
The formal and informal interactions among the visiting scholars—like those among the Center’s students and post-doctoral fellows—add cohesion to the Center and help to overcome the distributed nature of the Center’s activities.

D. Plans

1. We will make the materials for Dr. Musen’s course on biomedical informatics, which focuses heavily on ontology and knowledge representation, available to instructors at Berkeley, Mayo, Buffalo, Cambridge, Oregon, and UCSF..
2. We will share course materials across all institutions, and having frequent interchange of faculty members (in person or via video teleconference) as a mechanism to enhance education across all performance sites.  












Figure � SEQ Figure \* ARABIC �1�.  Mapping free text to ontologies for structuring tissue microarray data in pathology.  Free text descriptions of tissue microarray tissue blocks entered into the database (left) are mapped to ontologies (SNOMED and NCI Thesaurus) using heuristic methods (right). As a result of these procedures, the data can be browsed according to terms of varying granularity using the semantic structure of the ontology; for example, the ontology enables researchers to determine that is data for 12 peritoneal and retroperitoneal neoplasms (right).
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