Participants


What people have worked on your project? 

At Penn State:

PI: Dr. Alan M. MacEachren

CoPI: Dr. Cynthia Brewer

Staff: Daniel Haug (also a Ph.D. student, 20% time summer & fall 2000)

Graduate Assistants:


Frank Hardisty (hourly, summer & fall 2000, spring 2001)


Xiping Dai (GA, fall 2000, spring 2001)


Diansheng Guo (GA, spring 2001)


Erik Steiner (hourly summer 2000, GA spring 2001)

Non-budgeted, but affiliated participants:


Robert Edsall (CoPI on complementary National Cancer Institute contract)


Dr. Masa Takatsuka (research faculty, GeoVISTA Center)


Michael Wheeler (staff, GeoVISTA Center)


Luis Mejias (undergraduate assistant, GeoVISTA Center)

At Rice:


PI: Dr. David W. Scott


Graduate Assistants:



William Wojciechowski (GA spring/summer 2001)


Non-budgeted, but affiliated participants:



Dr. Jerry Whittaker (USDA)



Dr. David Banks (DOT/BTS)

What other organizations have been involved as partners? 

Federal Agencies:

• Bureau of Labor Statistics (BLS) 
• Census Bureau, Population Division 

• National Center for Health Statistics (NCHS) 

• National Cancer Institute 
• Energy Information Administration (EIA) 
• National Agricultural Statistics Service (NASS) 

• Environmental Protection Agency (EPA) 

• Bureau of Transportation Statistics (BTS) 
AT&T: Deborah Swayne attended our full team project meeting in Washington D.C. (Feb, 2001) and Alan MacEachren was a visitor at AT&T for the month of February, 2001 (supported in part by AT&T).

Illumitek:

GeoVISTA Center, Penn State University: has provided core components of GeoVISTA Studio as a visual programming-based development environment for creating tools in Java that are specific to the project. The GeoVISTA Center staff has contributed a time of two staff members to adapting Studio components to meet the needs of the dgQG project.

Have you had other collaborators or contacts? 

Penn State: The Penn State component of the project has coordinated with a second Digital Government effort (Knowledge management over time-varying geospatial datasets, PI, Peggy Agouris, Maine, #9983445), through Mark Gahegan, also at Penn State and a CoPI on that project. Extensions to GeoVISTA Studio, developed for each project, have been shared and the graduate assistants on the projects interact on a regular basis. In addition, Dr. Masa Takatsuka (GeoVISTA Center research faculty member leading development of Studio architecture) and Michael Wheeler (Ph.D. student, GeoVISTA Center staff member, and recent recipient of an NSF Dissertation Fellowship) both adapted and extended core Studio capabilities to support needs of the dgQG project. 

Activities and Findings
This section will serve as your report to your program officer of your project's activities and findings. Please describe what you have done and what you have learned, broken down into four categories:

Describe the major research and education activities of the project. 

The specific objective of our dgQG research is to develop and assess quality graphics for federal statistical summaries. The purposes of the quality graphics include exploration by agency users evaluating data quality and looking for emergent trends, decision making by public policy makers, and communication of statistical summaries to the public. The development and assessment process is a human-centered one that: (a) investigates perceptual and cognitive factors in reading, interacting with, and interpreting statistical graphs, maps, and metadata representations, (b) considers ways to match methods of graphic/visual signification to users and uses of the graphics, and (c) includes formal assessment of usability of the graphics and graphic environments developed. 

The research addresses four topic areas related to graphic representation of federal statistical summaries: (1) converting tables to graphs and maps, (2) representing metadata, (3) interacting with both graphs and maps, and (4) conveying multivariate spatial and temporal relationships. The research features use of Web-based “middleware” components to provide rapid development, and tools for usability testing, of statistical graphics. 

In year one of the research, each of the three university teams has focused on developing core capabilities that draw directly upon the specific expertise of each group and build upon existing links between each agency and team members. Year two of the project will emphasize cross-university and cross-agency interactions and transfer of developments. Below, we divide discussion by budgeted team, to match the year one focus.

PSU-led efforts: The PSU team has focused on three primary activities. First, we extended upon an existing research contract with NCI to develop some generic methods and tools that will support usability assessments of the graphical methods and environments developed during the project. The lack of such methods and tools (that can be applied to analysis of geospatial information exploration environments) was identified in a recent international geovisualization research agenda report as a critical research priority (see Haug, cited below, for our initial results). Second, we began to develop environments that support rapid implementation of both cognitive experiments and summative usability assessments focused on specific issues related to design and use of interactive graphics that depict statistical summaries (see Stiener, et al, cited below, for details). Third, we began to re-engineer and extend a suite of methods for exploratory geovisualization that were originally developed within the COTS GIS ArcView (from ESRI). The goals was to develop dynamic, flexible, linkable graphic tools in Java that can be joined with other graphic and computational tools through the GeoVISTA Studio environment discussed in more detail below (particularly under products – see MacEachren, et al and Hardisty, et al, below, for more on Studio and extensions to it developed within the dgQG project). 

Rice-led efforts.  The Rice group has focused on developing software for displaying spatial data using statistical graphics and multivariate nonparametric statistical algorithms. In order to facilitate easy installation at government agencies, the software we are developing will be an extension to ArcView, a popular GIS package.  Because we wish be compatible with a large number of computers, the software will be implemented as a Dynamic Link Library (DLL) which can be used with the Microsoft Windows version of ArcView. A DLL was chosen because computations can be performed faster in a DLL than within ArcView's scripting language, which is called Avenue.  The user need not have knowledge about DLL's to use the software.

The DLL will calculate an averaged shifted histogram regression (ASHR).  Because the ASHR is both statistically and computationally efficient, it is appropriate for visualizing spatial data. The ASHR describes how the value of a response variable depends on the values of other covariates.  Because this project is specifically for spatial data, the location coordinates will always be in the set of covariates. Therefore, there will always be 3 or more variables to visualize on the map. This presents a challenge for displaying the information on a two dimensional computer screen. The software will use conditioning to overcome this challenge. The conditioning will be such that the user can select ranges, or single values, of the covariates, excluding location. We refer to these ranges and single values as conditioning values. The regression surface corresponding to these ranges or single values will then be displayed. A powerful use of conditioning is for producing an animation. To accomplish this, the conditioning values are changed by the user and the graphic is updated in real-time. For example, create a map that displays pollution levels and then create an animation that shows how the pollution levels change over time. Because the user may not have knowledge of in-depth knowledge of ArcView or DLL's, a dialog box will be provided as the interface. From the dialog box, the user can select the response, covariates, smoothing parameters, and conditioning values.  Thus, shielding the user from the implementation details. Altogether, the software will transparently extend an off-the-shelf software package, creating a poweful spatial visualization tool that is easy to use and install.

Describe the major findings resulting from these activities. 

PSU-led efforts: In relation to cognitive experimentation and usability assessment, results of an initial experiment indicate that a parallel coordinate plot linked to a map dynamically can be used as effectively as a scatter plot linked to a map dynamically, even by users who have used scatter plots before but not parallel coordinate plots. Beyond this specific research finding, we have made initial steps toward a conceptual framework for methods and tools to support study of highly interactive graphical tools that depict and support analysis of statistical information through maps and other graphics. In relation to Java-based software development, we have demonstrated (through working prototypes) the feasibility and usefulness of an approach to visual data exploration that focuses on multi-parameter linking among Java components. The application domain for the environment that we have developed and implemented is exploration (and decision-making) with highly multivariate statistical summaries that have both geospatial and temporal referencing.

Rice-led efforts.  We have produced a working version of the ASHR software and demonstrated the software on a few examples at the 2001 Digital Government conference in Los Angeles in May, 2001.  During the next month we will extend this software to include true covariates.  We will meet with our partners to test the usability of our work.

.

Describe the opportunities for training and development provided by your project. 

PSU-led efforts: Four graduate assistants (and one staff member who is also enrolled in our Ph.D. program) have been actively involved in the project. Each has been involved in regular team meetings (contributing to development and revision of research strategies), each attended the full project meeting with agency partners held in Washington D.C., each participated in a site visit by collaborators from the Census Bureau, each has been author or co-author on one or more publications based upon project work. Another Ph.D. student (Robert Edsall) participated in team meetings and worked directly with the team to bridge between a contract research project funded separately by NCI and the dgQG project. He also attended the project meeting in Washington D.C. In addition, Luis Mejias (a minority undergraduate student working as a web manager for the GeoVISTA Center) worked with the project team during one semester on developing web applications related specifically to our work with the Census Bureau and NCI.

Rice-led efforts.  One graduate assistant has been working on this project and has completed his doctoral dissertation on robust statistics.  He will continue to work on the project until he begins employment at Los Alamos National Labs in August.  There is a reasonable chance that LANL will find funding to allow us to continue this joint research and provide another partner for our work.  In particular, Will’s thesis work on finding outliers in very high-dimensional data is part of our proposed work in year two.  A new graduate assistant, Blair Christian, will begin work on this grant on August 15.  He will be taking second-year graduate courses.  There is a good chance that his thesis work will be related to his work on the digital government project.

Describe outreach activities your project has undertaken. 

PSU-led efforts: There have been two primary outreach activities undertaken during year one of the project. First, the project web site was developed (and is hosted by) the Penn State GeoVISTA Center (see URL below). Second, the project team, with substantial assistance from Dr. Masa Takatsuka (research faculty, GeoVISTA Center and primary architect of GeoVISTA Studio, has begun to disseminate extensions to Studio developed as part of this project.

Rice-led efforts:  We plan to begin distributing our DLL’s this summer.

Publications and Products - What have you published as a result of this work? 

Journal publications 

submitted: 

Books or other non-periodical, one-time publications 

MacEachren, A.M., Wheeler, M., Hardisty, F., Mark Gahegan, Dai, X., Guo, D. and Takatsuka, M., 2001. Supporting visual integration and analysis of geospatially-referenced statistics through web-deployable, cross-platform tools, Proceeding, dg.o.2001, National Conference for Digital Government Research, Los Angeles, CA, May 21-23, pp. 17-24.

workshop web paper:

Steiner, E., MacEachren, A.M. and Guo, D., 2001. Developing and assessing light-weight data-driven exploratory geovisualization tools for the web, Workshop on Geovisualization for the Web. ICA Commission on Visualization & Virtual Environments, Taupo, New Zealand. http://www.geovista.psu.edu/icavis/publications/Taupo.html

in press:

Hardisty, F., MacEachren, A.M., Gahegan, M., Takatsuka, M. and Wheeler, M., in press. Cartographic Animation in Three Dimensions: Experimenting with the Scene Graph, 20th International Cartographic Conference. ICA, Beijing, China, August 6-10, 2001.

Haug, D., MacEachren, A.M. and Hardisty, F., in press. The challenge of analyzing geovisualization tool use: Taking a visual approach, 20th International Cartographic Conference. ICA, Beijing, China, August 6-10, 2001. 

Scott, D.W. and Wojciechowski, W.C. (2001), ``Conditioning Multiple Maps,'' Proceedings of Digital Government 2001, E Hovy, Ed., pp. 33-39..

Wojciechowski, W.C. and Scott, D.W. (2000), ``High-Dimensional Visualization Using Continuous Conditioning,'' Computing Science and Statistics, to appear.
What Web site or other Internet site have you created? 

http://www.geovista.psu.edu/grants/dg-qg/intro.html
What other specific products (databases, physical collections, educational aids, software, instruments, or the like) have you developed? 

GeoVISTA Studio: The project has leveraged an ongoing (internally funded) software development effort, GeoVISTA Studio, using it as a platform for development and integration of Java components designed and implemented in support of the “quality graphic” goals of our research. Studio is a component-based environment designed to support the fusing of diverse visual and analytical capabilities into custom analysis tools that enable a multi-perspective approach to knowledge construction and dissemination. Studio provides a visual programming environment that allows an analyst to package assembled functionality into a working program (in the form of a cross-platform, JavaBeans component, an applet, or an application). The result can be easily disseminated or deployed on the Internet. The core components of Studio are available for download from:

http://www.geovistastudio.psu.edu/ 

and the extensions developed in support of the dgQG project can be downloaded from: http://www.geovista.psu.edu/grants/dg-qg/pubs.html
Extensions to HealthVis (a visual data analysis environment for exploration of geospatial health statistics implemented in ArcView, a COTS Geographic Information System): The extensions added as part of the dgQG project focused specifically on generating transaction logs and transaction log analysis tools to support usability studies. This work was completed in parallel with a separate contract from the National Cancer Institute (one of our partner agencies) to test the usability of parallel coordinate plots dynamically linked with maps as a tool for visual analysis of cancer and risk factor statistics.

Contributions
Now we invite you to explain ways in which your work, your findings, and specific products of your project are significant. Describe the unique contributions, major accomplishments, innovations and successes of your project relative to:

(1) the principal discipline(s) of the project 

The principle disciplines involved in our project are statistics and geography (particularly geographic information science – GIScience). In relation to statistics, ….

In relation to GIScience, the research contributes directly to an international research agenda developed for geovisualization under the leadership of the International Cartographic Association’s Commission on Visualization and Virtual Environments [http://www.geovista.psu.edu/icavis/agenda/index.html] and a related U.S. research agenda in geovisualization being developed by the University Consortium for Geographic Information Science […]. In both cases, the agendas call for development of more flexible visual data exploration methods and tools that can be applied to geospatial (and space-time) data analysis and for cognitive and usability research to understand and assess use of these tools in a variety of contexts for a variety of users. The geospatial components of our dgQG project address both issues directly.

(2) other disciplines of science or engineering 

Beyond the two core domains mentioned above, the research is directly related to recent and ongoing efforts within the developing field of Information Visualization. The dgQG work completed thus far has extended methods borrowed from information visualization in several ways (e.g., a highly interactive parallel coordinate plot with multi-parameter links to cartographic maps, spreadsheets, scatter plots, and neural net classifiers; a flexible and generically applicable magnifying lens viewer for exploring complex information spaces). In addition, both the Studio and nViZn environments have potential for application to a wide range of information forms (well beyond the statistical summaries to which they are being applied in the current research). Together and separately, they will provide mechanisms for integrating information visualization methods and tools with related methods and tools developed for exploratory data analysis and geovisualization. 

Our work has also begun usability assessments of the visualization methods being developed – an activity that is called for increasingly by leaders within information visualization (but something that until very recently was absent from the information visualization literature). In relation to usability (and related cognitive research questions), the overall team is well positioned to make contributions relevant within both experimental psychology and human-computer interaction, since it includes two experimental psychologists (Lane at Rice and Conrad at BLS) and two investigators with the expertise in cognitive and usability research related to geospatial representation (MacEachren and Brewer have both conducted such research in the past, some in collaboration with agency partners at NCHS and NCI).

(3) the development of human resources 

Penn State: One student involved with the project, Robert Edsall, has completed his dissertation and taken a tenure track faculty position in geography at Arizona State University. His involvement (as a non-budgeted participant in the dgQG project) provided some valuable contacts that have resulted in multiple invitations to participate in research workshops and focused conferences within the statistics community. The work of one team member, Dan Haug (GeoVISTA Center staff and Ph.D. student) captured the attention of a private sector GIS company (the one producing software used in the Census atlas project discussed below). He was hired away to lead their new information visualization initiative. Another of the students involved is in the process of developing a dissertation that will focus on issues central to the Digital Government research underway (and has received a travel grant from the U.S. National Committee for the International Cartographic Association to present initial results of his work at the bi-annual meeting in Beijing China). As part of an effort to obtain better insight on the mission of at least one federal agency partner, Dr. Brewer spent 9 months during her sabbatical in residence at the Population Division of the Census Bureau. There, she worked with Census project team member Dr. Trudy Suchan (and others) to develop an approach for and implement production of an atlas representing a critical subset of 2000 Census data. Although the atlas itself is a paper product, Dr. Brewer helped the Census staff to adapt the latest COTS GIS software to the process of creating maps for the atlas and in the process developed considerable insight into issues of data dissemination to the public, data processing and analysis activities and needs within the Population Division, and the general work culture of the agency.

(4) the physical, institutional, or information resources that form the infrastructure for research and education 

GeoVISTA Studio provides a software development platform that enables integration of software components developed independently. Individuals who have limited knowledge of programming, but who have a need for custom visual and computational data analysis and display tools, are able to construct these tools in Studio. By leveraging Studio, the Java components developed as part of our dgQG project can be disseminated more quickly and will be more useful because they can be combined with components written by others. 

nViZn ……. 

(5) or other aspects of public welfare beyond science and engineering, such as commercial technology, the economy, cost-efficient environmental protection, solution of social problems 

Illumitek/SPSS ……………

Collaboration with the statistics and information visualization groups at the AT&T Shannon Research Laboratory (facilitated by MacEachren’s one-month visit there) increase the chance for transfer of research results from this project being transitioned from prototypes to products for use in federal agencies and industry.

The partner agencies involved in this project produce data that are critical to the U.S. economy, the environment, human health, social welfare, and to governance itself. The quality graphics (and graphic analysis environments) being developed and tested in this research will have on impact in all of these areas by (a) making it possible for the agencies involved to produce more accurate statistical summaries, (b) supporting better decisions by policy analysts using these summaries, and (c) disseminating the statistical summaries to the public in a more accessible way.
Special Requirements
This section will show if (but only if) you are filing a required project report, in which case you need to click it to respond to obligatory questions bearing on contractual or legal requirements.

