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INTRODUCTION

Metadata is integral to a host of processes in the Statistical Knowledge Network (SKN).  Its roles in supporting data extraction and transfer, storage, and searching are well appreciated.  Recently, efforts such as the Semantic Web (Berners-Lee et al., 2001), the joint work of ISI and Columbia University (Ambite et al., 2002), and ours (Marchionini, et al., in review) express the importance of metadata in supporting integration of information across multiple sources. This paper adds to those efforts by highlighting two aspects of using metadata to help users “find what they want and use what they find.
” The first is identifying the integration challenges that users experience and identifying metadata to resolve them. The second is establishing an architecture that supports metadata
 acquisition and use throughout the SKN network.   

To illustrate current metadata issues, consider the scenario of a high school student who needs to find out how the economies of her county and state compare to that of the United States as a whole. Table 1 indicates some of the  statistics and values that she would find on March 3, 2003.  

Table 1: Example Economic Indicators for Yakima, Washington State, and the U.S.

	Economic Indicator
	Yakima County
	Yakima MSA
	Wash. State
	United States

	Unemployment rate
	11.1% (2000 Census)

12.7% (Jan. 2003 prelim, not seasonally adjusted) (Washington State website)
	12.1% Dec. 2002 not seasonally adjusted (BLS)
	6.2% (2000 Census)

6.6% Jan. 2003 prelim. seasonally adjusted (Wash. Website)

7.4% Jan 2003 not adjusted (Wash. website)

7.0% Dec. 2002 seasonally adjusted (BLS)
	5.8% (2000 Census)

5.7% Jan 2003, seasonally adjusted (BLS)

	Poverty Rate
	21.9% (1999, for families,  from 2000 Census data)
	
	7.3% (1999, for families,  from 2000 Census data)
	9.2% (1999, for families,  from 2000 Census data)


The student needs to understand what to find (what statistics might help him learn something about the economy), as well as understand the statistics that were retrieved.   When looking at the data retrieved, she must begin to understand (among other things) what makes the numbers different, whether she can compare 1999 data with 2003 data, whether seasonally-adjusted numbers can be compared to non-adjusted, and what to do about statistics for which she does not have data across all three geographic units or for which she might find data for related geographic units.  The scenario expresses opportunities for potential technical integration (gathering and coordinating the data/metadata and identifying possible discrepancies) as well as intellectual integration issues associated with utilizing the actual numbers.  

INTEGRATION CHALLENGES FROM THE USERS’ PERSPECTIVES

The scenario above is one used in the team’s study of users engaged in statistical integration tasks.  The study’s 
 goals were to identify what aspects of integrating data from multiple sources present challenges as well as the types of behaviors used during integration activities. During winter 2002-2003, we observed 24 users engaged in statistical tasks that would have the potential for exposing integration challenges
.  We gathered verbal protocols and conducted a post-task debriefing to clarify the user’s experience. Users included agency personnel, expert data users, and students.  Each task involved using data from multiple agencies, usually combining at least two topical components or geographic entities.  The team identified a set of integrating behaviors (comparing, substituting and manipulating existing statistics).  In addition, as users engaged in integration behaviors, they experienced a variety of associated problems. 

Integrating Behaviors

Users attempt to compare statistics:

· From multiple geographic units at different granularities (city, state, region for example).

· From geographic units that a user judged identical (such as a county and a Metropolitan Statistical Area (MSA).

· Generated when there are definitional differences in concepts and variables (such as two different variables that both provide a statistic for unemployment rate.) 

· Across time (such as using time-series data or when statistics are from different years).

· Generated from different sources or found in different sources. 

· That are index values (such as comparing the Consumer Price Index (CPI) for Seattle and Miami or across time).

These comparisons may or may not be appropriate. For example, it is not appropriate to compare CPI values for different locales, for example (http://www.bls.gov/cpi/cpifaq.htm).  Comparing across time may only be appropriate when the definitions of the variables have not significantly changed.   In most cases, additional information (metadata) is necessary to assist a user in making appropriate comparisons or in resolving coincident problems (described below).

In addition to doing comparisons, users also made substitutions of values when the desired value was not available or could not be found. For example, one user decided to use the CPI-Midwest region as a substitute for what the CPI might be for a small city in the Midwest.  Other integrating behaviors identified were aggregating or disaggregating numbers to achieve comparability, manipulating the statistics, such as by putting the desired numbers into a spreadsheet or by calculating new numbers (such as an average so that a comparison among averages could be made).  One user experienced difficulties when pulling numbers from two surveys to put in a spreadsheet. In one survey, the variable of interest appears as a column, in the other, as a row making a simple cut and paste difficult.  

User Problems

There may be a number of pitfalls for a user on the way to an integration behavior. For example, if the user does not know the geographic location of an entity, it will be impossible to “click on the map” to find information on that entity (this is a very common problem for users exploring outside their own geographic vicinity). Lack of knowledge about whether a given statistic actually exists will prevent a user from using it in a comparison.  Thus, understanding what problems are experienced especially in the context of integrating behaviors is critical.

Problems identified in the study are:

· Needing definitions (of terms such as seasonally-adjusted, of variables)

· Needing rationales

· Unable to find information on 

· What geographic granularities were available for a given statistic

· Whether the statistics wanted actually existed

· Data collection and sources of data

· Computational methods

· Comparability/relationship of statistics (can I compare X to Y?)

· The latest date for which a specific statistic is available

· Uncertainty about the utility of a statistic

· Uncertainty about geographic locations (where is…?)

Expectations (and knowledge) about the timeliness of a statistic, availability of data, where information might be found, and about the website functionality may have also led to problems. In one situation, one website reported a poverty statistic dated 1997 but the user knew there was a later number “because [she] had just gone to the release briefing.” We found the later number on the site of the agency that sponsored the survey. 

The behaviors and problems together provide a critical link to the statistical metadata necessary in the SKN.  Problems with meaning of terms can be resolved with definitional metadata, geographic relationships need geographical metadata (such as unit coordinates) but also definitional (how does Yakima county overlap with Yakima MSA), questions about methodology need survey technical documentation, and so forth.  In this study and a previous one (Hert and Hernandez, 2001), the team identified challenges to acquiring this metadata. Agencies may have the metadata but in hard-to-access formats, the metadata may exist only in an agency analyst’s head, or there may be multiple sources (potentially all slightly different) for the same metadata.  Metadata to support integration activities is likely to be difficult to acquire in final form from agencies as it may involve metadata integration across agencies or be intertwined with specific expertise and knowledge (such as in the crop price comparison above).   Addressing these problems requires an SKN architecture that supports extraction of metadata from multiple sources, the creation of additional statistical metadata, and its incorporation into end-user tools. 

MOVEMENT OF METADATA IN THE STATISTICAL KNOWLEDGE NETWORK: FROM AGENCIES TO USER TOOLS

Figure 1 shows the general architecture our project is using to express the SKN infrastructure and thus serves as the basis for metadata transfer efforts.  The public intermediary provides functions connecting statistical agencies to end-users. For metadata, it provides the conduit by which agency metadata is extracted, pre-integrated (if appropriate) and transferred to specific user tools. The public intermediary might also include derived metadata such as a set of rules concerning appropriate comparisons consulted when data with discrepancies are retrieved. Particular tools would incorporate selected metadata and be able to present them, via an interface, to users.   

Figure 1: The Components of the National Statistical Knowledge Network 
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Efficiency of metadata transfer and integration processes is facilitated by use of standard formats throughout the SKN.  Standards for transfer such as ASN.1 and ISO239.50 may be utilized for transfer.  ISO11179  (metadata registries) and the DDI (Data Documentation Initiative) both provide statistics-specific approaches to describing and relating important metadata elements. 

Movement of metadata into end-user tools involves:

· Identifying what metadata is necessary within a given tool

· Determining the extent to which ISO11179 and/or DDI (or other standards such as Business XML) provide structural guidance for the incorporation of that metadata 

· Specifying the mechanisms by which the metadata will be incorporated into the tools
.

A Statistical Interactive Glossary (SIG) illustrates this process.  The SIG is an enhanced glossary of common statistical terms, supported by the GovStat ontology of statistical concepts (Haas et al., 2003).  The overall goal of the glossary is to help users understand important statistical terms and concepts in the context in which they are used.  Figure 2 shows the SIG framework. The terms are limited to ones users are likely to encounter.  The content of an explanation may include definitions, examples, brief tutorials, etc.  The SIG provides explanations at varying levels of context specificity.  This means that an explanation will incorporate entities and statistics from the users’ current context.  SIG offers explanations in a variety of formats including text, text plus audio, still images, animation and interactive presentations.  Controls let users know when glossary help is available and allows users to choose which presentations to view.  The

Figure 2: Statistical Interactive Glossary framework


presentation of an explanation is the result of information drawn from each of these components. Based on this framework, Table 2 specifies the metadata that the SIG utilizes. 

Table 2: Metadata Requirements for Statistical Glossary

	Information/Metadata Needed 
	Task(s) using this metadata
	ISO1179 or DDI map
	Comments
	Source of metadata

	Term name (s)
	Search, presentation, and  anchor for linking presentation 
	ISO11179 data element name (if term is a variable or concept)
	
	Agency content, 

GovStat ontology

	Definition
	Provide content
	ISO11179 data element definition (if term is variable)
	
	Agency documentation, statistics experts, statistics texts, GovStat ontology

	Examples, demonstrations, etc. 
	Provide Content
	None within ISO11179 or DDI (though data elements in both might be usable)
	Values: Audio, video, static text/graphic;

Under user control;

Links to more specific agency documentation
	Agency content supplemented by designer 

	Context specificity level of definition (e.g. statistic, table, agency)
	Provides specific explanations
	None within ISO11179 or DDI
	Under user control—needs context information 
	User’s current webpage or table, GovStat ontology

	Format
	Type of presentation 
	None within ISO11179 or DDI
	Some terms may be better explained in some formats user control
	Current user interaction or preset preferences, computing capabilities, GovStat ontology


On examination, one can see some informational/metadata components (term definition, term name) that map to existing standards but the tool needs additional metadata to function. The tool includes agency-produced metadata as well as derived metadata (such as the GovStat ontology).  

This type of analysis enables one to track metadata as it moves from agencies (presumably in standardized formats), is integrated with other metadata (creating the ontology, for example) and then migrated to specific tools. It allows the explicit connection of end-user tools to the system of metadata that currently exists and is being maintained by agencies and other components of the statistical knowledge network.  In so doing, it minimizes the potential for recreating the wheel for specific statistical metadata elements and increases the capabilities of a tool to port metadata (and data) from the statistical agencies by utilizing structures and standards they use in-house. In addition, it highlights statistical metadata from the users’ perspectives which may enable agencies to further develop their internal metadata systems to provide these.

CONCLUSIONS

Statistical and other types of metadata are essential to the development and utilization of the Statistical Knowledge Network. Our work with users has demonstrated a variety of situations in which metadata is necessary and we are currently prototyping tools to support users in these situations by providing the necessary metadata and functionality.  Our investigations are bearing fruit by providing us a general model to guide our metadata work and by beginning to specify approaches to successfully moving metadata throughout the SKN.  In the next two years of the project, we plan to further specify the model, provide specific interface tools based on the model and to enhance the model’s generalizability to the entire SKN.  
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� This is the guiding principle of our National Science Foundation project. Entitled “Integration of Data and Interfaces to Enhance Human Understanding of Government Statistics: Toward the National Statistical Knowledge Network” (NSF Grant number EIA 0131824).


� We are interested in both computational metadata (for tasks such as data storage, transfer, verification) and statistical metadata (metadata related to statistical content). This paper focuses on statistical metadata.  


� Study details including methodology will be available at our website: http://ils.unc.edu/govstat.


� As determined by pre-testing and discussions with agency personnel.


� There would be both one-time and dynamic incorporations. For example, a definition is likely to remain constant in a glossary and thus be incorporated once, but new terms may need to be added over time.
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