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Introduction
Ontologies are a way of specifying the structure of domain knowledge in a formal logic designed for machine processing.
The effect on information technology (IT) is to shift the burden of capturing the meaning of data content from the procedural operations of algorithms and rules to the representation of the data itself. The belief being that infusing even a little semantic quality into our data (residing in web pages, database tables, electronic documents, or whatever) can mean that data is more immediately, broadly, and profoundly usable by all applications aware of the knowledge-representation scheme--the ontology.
For such reasons, there is a growing sense among researchers and practitioners that ontologies will play an important role in forthcoming information-management solutions.
The author has provided more details in (1) Semantic Interoperability Community of Practice Enablement (SCOPE) for NICS, December 31, 2004, 48 slides for the January 6, 2005, NICS Learning Phase Workshop: Federal Organizations, at The Brookings Institution, Washington, DC; and (2) Semantic Interoperability Enablement for NICS, 1 slide for the January 11, 2005, NICS Planning Meeting, at The Brookings Institution, Washington, DC. An initial ontology for knowledge representation of indicators was provided as a use case for the NICS.
The purpose of this paper is to propose an initial ontology for NICS and a collaborative process to refine and populate it with specific instances from the NICS CoP.

The Suggested Upper Merged Ontology (SUMO)
The Suggested Upper Merged Ontology (SUMO - see http://www.ontologyportal.org/) and its domain ontologies form the largest formal public ontology in existence today. They are being used for research and applications in search, linguistics and reasoning. SUMO is the only formal ontology that has been mapped to all of the WordNet lexicon (see http://www.cogsci.princeton.edu/~wn/).

The SUMO Search Tool relates English terms to concepts from the SUMO ontology by means of mappings to WordNet synsets. Entering each English term in NICS in SUMO gives its corresponding formal term in SUMO:
I. According to WordNet, the noun "national" has 1 sense(s). 

1. a person who owes allegiance to that nation; "a monarch has a duty to his subjects".

SUMO Mappings: SocialRole (subsuming mapping)

II. According to WordNet, the noun "infrastructure" has 2 sense(s). 

1. the basic framework or features of a system or organization. 

SUMO Mappings: Artifact (subsuming mapping) 

2. the basic facilities and equipment needed for the functioning of a country or area; "the industrial base of Japan". 

SUMO Mappings: Artifact (subsuming mapping) 

III. According to WordNet, the noun "community" has 7 sense(s). 

1. a group of people living in a particular local area; "the team is drawn from all parts of the community". 

SUMO Mappings: Group (subsuming mapping) 

2. a group of people having ethnic or cultural or religious characteristics in common; "the Christian community of the apostolic age"; "he was well known throughout the Catholic community". 

SUMO Mappings: SocialRole (subsuming mapping) 

3. common ownership; "they shared a community of possessions. 

SUMO Mappings: possesses (subsuming mapping) 

4. a group of nations having common interests; "they hoped to join the NATO community". 

SUMO Mappings: Group (subsuming mapping) 

5. agreement as to goals; "the preachers and the bootleggers found they had a community of interests". 

SUMO Mappings: Cooperation (subsuming mapping) 

6. the body of people in a learned occupation; "the news spread rapidly through the medical community". 

SUMO Mappings: SocialRole (subsuming mapping) 

7. a district where people live; occupied primarily by private residences. 

SUMO Mappings: LandArea (subsuming mapping)

IV. According to WordNet, the noun "statistics" has 1 sense(s).

1. a datum that can be represented numerically. 

SUMO Mappings: Quantity (subsuming mapping)

The Results for the word indicator are also of considerable interest:

According to WordNet, the noun "indicator" has 3 sense(s). 

1. a number or ratio (a value on a scale of measurement) derived from a series of observed facts; can reveal relative changes as a function of time. 

SUMO Mappings: Quantity (subsuming mapping)

Any specification of how many or how much of something there is. Accordingly, there are two subclasses of Quantity: Number (how many) and Physical Quantity (how much).

2. a signal for attracting attention. 

SUMO Mappings: Icon (subsuming mapping) 

3. a device for showing the operating condition of some system. 

SUMO Mappings: Device (subsuming mapping)
The Initial Ontology for Knowledge Representation of Indicators

The initial ontology for knowledge representation of indicators includes the three basic requirements for an ontology according to experts (Deborah McGuiness, Ontologies Come of Age, in the Semantic Web: Why, What, and How, MIT Press, 2002, page 6.), namely: (1) Finite controlled (extensible) vocabulary; (2) Unambiguous interpretation of classes and term relationships; and (3) Strict hierarchical subclass relationships between classes. The initial “indicator” ontology is based on the “Informing Our Nation: Improving How to Understand and Assess the USA’s Position and Progress,” GAO, Report to the Chairman, Subcommittee on Science, Technology, and Space, Committee on Commerce, Science, and Transportation, U.S. Senate, November 2004, GAO-05-1, and consists of the following on the Web:
(1) Key Terminology (Source: Summary-Background and Footnotes)

(2) Topics (Source: Figure 1 and Appendix I)

(3) Level of Jurisdiction (Source: Table 4 of Comprehensive Systems)

(4) Organizational Types (Source: Table 10 of All Systems Studied and Footnotes)
The Key Terminology is:

An indicator is a quantitative measure that describes an economic, environmental, social or cultural condition over time. The unemployment rate, infant mortality rates, and air quality indexes are a few examples.

An indicator system is an organized effort to assemble and disseminate a group of indicators that together tell a story about the position and progress of a jurisdiction or jurisdictions, such as the City of Boston, the State of Oregon, or the United States of America. Indicator systems collect information from suppliers (e.g., individuals who respond to surveys or institutions that provide data they have collected), which providers (e.g., the Census Bureau) then package into products and services for the benefit of users (e.g., leaders, researchers, planners, and citizens).

Topical indicator systems involve specific or related sets of issues, such as health, education, public safety, employment, or transportation. They also form the foundation of information resources for the general public, the media, professionals, researchers, institutions, leaders, and policymakers.

Comprehensive key indicator systems pull together only the most essential indicators on a range of economic, environmental, and social and cultural issues, as opposed to a group of indicators on one topic. Comprehensive systems are only as good as the topical systems they draw from.

Jurisdiction - The term jurisdiction is used throughout this report to refer to neighborhoods, communities, cities, regions, states, nations, or other entities that, by definition, cover a geographic area and incorporate both public and private activities.

The Topics have four classes (The Economy, The Environment, Society & Culture, and Cross-Cutting) and there are multiple subclasses under each (e.g. The Economy - Consumers & Employment, Transportation & Infrastructure, Finance & Money, Business Markets, Government, The World Economy)

The Level of Jurisdiction has four classes (U.S. local/regional level, U.S. state level, National level outside the United States, and Supranational level) so far.
The Organizational Types have three classes (Publicly led, Privately led, and Led by public-private partnership) so far.
Besides the GAO report as both an excellent starting point for the initial ontology and a collection of specific instances (real world examples), other specific instances included are as follows:
(1) JurisdictionLocal_OrganizationPublicPrivate – “Creativity and Innovation: A Bridge to the Future: A Summary of the Boston Indicators Report 2002” and “The 2000 Indicators Report, The Wisdom of Our Choices: Boston’s Indicators of Progress, Change and Sustainability.” Note that 6-levels of hierarchical classification are required here!
(2) TopicEnvironment - "Environmental Indicators: Better Coordination Is Needed to Develop Environmental Indicator Sets That Inform Decisions," GAO, United States Government Accountability Office, Accountability Integrity Reliability, Highlights of GAO-05-52, a report to congressional requesters, November 2004.
(3) JurisdictionNational_OrganizationPublic – “EPA Draft Report on the Environment” (June 2004 Update)
(4) JurisdictionNational_OrganizationPublic - EPA Strategic Plan: 2003-2008, Direction for the Future, September 30, 2003, U.S. Environmental Protection Agency. Note that the GAO Report on “Environmental Indicators” recommends linking agency indicators and strategic plans like can be done with this repurposing and structuring of both documents!
Obviously as more instances are added, more classes and subclasses will be needed.
The goal is to put the ontology in the Ontology Web Language (OWL) which is an XML syntax that captures the semantic relationships and is:

(1) The latest standard in ontology languages.

(2) Developed by the World Wide Web consortium (W3C).

(3) Based on RDF and DAML+OIL.

(4) Has formal mathematical foundations in Description Logics, which allows us to use a reasoner to help us to check the ontology as we build it.

The basic elements of OWL are shown in the schematic diagram below which explains the variations in terminology for the three basic elements.
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The Initial Ontology for Knowledge Representation of NICS
So following the above pattern and example, we need the following:
(1) Standard definitions

(2) Categories (classes)

(3) Subcategories (subclasses)

(4) Instances (of items 2 and 3)
(5) Cross-references (between Instances)

(6) Questions to ask the CoP in upcoming meetings to further build the ontology by positioning the vendors, specifying the “blanket (national) and the quilt (community),“ etc.
Standard definitions: Come from the Title (NICS), SUMO, Wikipedia (http://www.wikipedia.org/), and Background Documents (Charter, etc.)
Note that a search of Wikipedia for “community statistics” shows no pages with that title. NICS could make a significant contribution to this Free Encyclopedia on the Web!
Categories: A logical starting place is the Learning Phase (Community, State, Federal, and Non-profit and Commercial, so far, and maybe International)
Subcategories: A logical starting place would seem to be the types of “community statistics” currently being collected or that need to be collected starting with the most basic like population and fully develop it first.
Instances: An Initial Pilot created Web Services Nodes as follows:
(1) NationwideSystems_OrganizationPublicPrivate_TypeIndicators - Key National Indicators Initiative, 2004

(2) NationwideSystems_OrganizationPublicPrivate_TypeIndicators - Forum on Key National Indicators, U.S. General Accounting Office and The National Academies, May 2003.
(3) NationwideSystems_OrganizationPublic_TypeFederalPrivateStatistics - Statistical Abstract of the United States, 2003
(4) ToolsTechnologies_OrganizationPublic_TypeFederalSpatial - LandView 6 (Census, US EPA, & USGS Spatial Databases) & MARPLOT (Mapping Software)

(5) DataProviders_OrganizationPublicPrivate_TypeIndicators - Jacksonville (Florida) Community Indicators Initiative 2004

(6) DataProviders_OrganizationPublicPrivate_TypeIndicators - The Boston Foundation: 2002 Indicators Report
Note that the categories used in the pilot were: Nationwide Systems, Statistical System Tools and Technologies, and Data Providers, Users, and Local Intermediaries (see slide 12 of January 6, 2005, PowerPoint for more details).

Cross-references: These would be added as the instances are placed into the knowledge representation system.
Some questions to ask the CoP in upcoming meetings to further build the ontology might be as follows:

(1) Geographic level (resolution)

(2) Domain (extent of coverage)

(3) Format (open or proprietary)

(4) Metadata

(5) Updates

(6) Expert Assistance

(7) URLs

(8) Etc.

This needs to be developed further for the upcoming February 16th Workshop Breakout Sessions. All the workshop participant lists are essential for use in categorization.
Semantic Interoperability Enablement for NICS Suggested at the January 11, 2005, NICS Planning Meeting
The suggested process for moving forward is provided in the matrix below (see January 6, 2005, PowerPoint for more details).

	NICS Phases
	Enabling Technology
	Example Products

	“People” Effect
	Wiki
	The “Wikipedia of Community Statistics”

	“Network” Effect
	RSS & RDF Feeds & Blogs
	Aggregations

	“Integration” Effect
	Ontologies
	Connected, but distributed databases
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