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Introduction
With the ever growing amount of information available on the Internet, new methods for gathering,
analyzing, and interpreting data are needed. Information visualization is an effective method for displaying
large data sets in a pictorial or graphical format. Visualizations aid researchers and analysts in understanding
data by evaluating the content and grouping documents together around themes and concepts. The human
mind can process vast quantities of information in visual format because the mind uses vision to make
judgments that allow analysis of an entire information space (Thomas et al., 1999). This makes information
visualization a powerful tool for analysts and researchers. WebThemeä is a visualization tool which allows
users to harvest thousands of Web pages and automatically organize and visualize their contents.

WebTheme is an interactive Web-based product that provides a new way to investigate and understand
large volumes of HTML text-based information. It harvests data from the World Wide Web using either
search terms with selected search engines or by following URLs chosen by the user. Researchers use
WebTheme and its suite of tools to rapidly identify themes and concepts found among thousands of pages
of text and to explore topics and documents of special interest within the data set.

WebTheme is one of several information visualization products created at the Pacific Northwest National
Laboratory (PNNL). Developed in 1996 as an internal project, a WebTheme beta version was released in
1998 under sponsorship from NASA. The basis for WebTheme lies in SPIRE (Spatial Paradigm for
Information Retrieval and Exploration) tool (PNNL, 1999).



Information Retrieval and Exploration) tool (PNNL, 1999).

PNNL is one of the U.S. Department of Energy's nine multiprogram national laboratories, and it conducts
research in the fields of environmental science, energy, health sciences and national security. Scientists at
PNNL are investigating a variety of significant topics in the biosciences, including biofuels, genomics,
proteomics, and bioterrorism. As new research and development topics are discussed in Web-based HTML
documents, WebTheme can help analysts determine who the players are in these quickly evolving fields,
find project partners, and understand new research areas as they develop by harvesting and visualizing
information from the Web.

Through a collaboration with the Information Science and Engineering (IS&E) Division at PNNL,
information specialists at the Hanford Technical Library are helping to deploy WebTheme at the lab. They
provide demonstrations to interested researchers and provide one-on-one consultations to get researchers
started using the product.

WebTheme Overview
The World Wide Web offers researchers a variety of commercial, technical, scientific, and academic HTML
pages as well as casual and authoritative Web sites. Exploring large or complex Web sites can be time
consuming, and search engine queries can returns thousands or perhaps millions of results. Researchers
usually look through the top several pages of query results or follow the most promising links in a Web site
and may miss important details in documents buried deep within query results or several layers into a Web
site.

WebTheme uses agent technology that makes contact with Web servers and harvests Web documents
(Whiting and Cramer, 2002). A text processor extracts the key descriptors within HTML documents and
statistically measures their frequency. A natural language understanding algorithm obtains semantic
relationships and creates a visual representation of hundreds or thousands of HTML pages in a graphical
display. Researchers and “analysts can quickly gain an understanding of patterns and trends that underlie the
documents” (Wise et al., 1999) using map analogies. Content is grouped around themes and concepts that
show the documents and their relationships in a star map, known as the Galaxy View, and in a terrain map
called the ThemeViewä.

The Galaxy View is a two-dimensional document scatter plot. Documents are displayed as if they were stars
in a night sky. The resulting visualization is simple and provides a critical first cut at sifting information and
determining how the contents of the Web documents are related. The key feature of this visualization is
document similarity. The closer documents are to each other in content and context, the closer they are
located in the two-dimensional galaxy (Wise et al., 1999). Blue clouds or nebulae represent areas with large
concentrations of similar documents.

The same group of documents can be viewed as a three-dimensional landscape. A relief map displays
primary themes in the underlying documents and mountain peaks indicate theme strength (Chen and Paul,
2001). The mountain peaks of ThemeView correspond to the blue nebulae in Galaxy View. Each view
offers a different perspective of the same information and aids in quickly grasping overall concepts and
topic strength. In addition to creating these two views of the data, WebTheme provides tools for information
retrieval, investigation, and further analysis.



Figure 1. The left image shows the Galaxy View, and the right is the ThemeView of the same data set.

 

 

The IS&E/Library Collaboration
WebTheme has powerful data acquisition and analysis capabilities. Understanding Web search techniques as
well as the product features are a prerequisite for effectively using it. Two information specialists were
provided in-depth training by IS&E staff. In addition, the library staff is experienced in developing,
marketing, and delivering product demonstrations. The search skills, WebTheme training, and product
demonstration experience equip information specialists with the tools they need to offer WebTheme training
and support to PNNL employees. Once a product demonstration was ready, the homegrown tool was rolled
out to PNNL employees. In order to provide the level of support needed to fully exploit the product, the
library and IS&E agreed to fund a coupon program for demo attendees. Employees who attended a demo
were provided with a coupon for 45 minutes of free one-on-one product support.

Creating a Visualization: the Process
Each visualization begins with a question that is appropriate to answer with HTML documents gathered
from the Web. There are undoubtedly many questions that can be explored with WebTheme; some
questions that have been successfully answered are listed below:



questions that have been successfully answered are listed below:

§         What are the key characteristics, structure, and topics of a particular Web site or sites?

§         What is being said about a new technology on the Web?

§         Who are the key players in a field?

§         What organizations are doing complementary work and are good candidates for collaboration? (Lembo
and Buxton, 2002)

Prior to creating a visualization, explore the World Wide Web to see what types of results your search will
retrieve. WebTheme users have the option of setting up a query using search terms in either Google or
AltaVist or exploring a list URLs. In either case, performing an initial investigation outside of WebTheme
gives important information about the number of pages likely to be retrieved or the organization of the Web
sites you want to investigate. Search terms can be refined and searches broadened or narrowed before using
them within WebTheme. For a list of URL harvests, users can follow links on these pages to get an idea of
the structure of the pages.

Using WebTheme to Think about Animal Disease
The visualization that we will investigate for this paper is in the field of veterinary science and was
developed with a customer who redeemed a coupon for individual support. He was particularly interested in
worldwide research on foot and mouth disease and swine fever. He was curious to know who was doing
research in the areas of the world that he knew had recently experienced outbreaks of these diseases. We
chose to conduct a Google search because our preliminary investigations showed good results with our
search strategy: “foot * mouth” “swine fever.” The Google search retrieved over 9,600 hits. We knew that
many of these were PDF documents that could not be harvested. The topics on the Web pages we retrieved
were on target so we decided to implement the search in WebTheme. This number of hits was adequate to
give us a good visualization and provided a focused analysis that revealed important themes in the field.

Settings
Once we decided on the question and a search strategy, WebTheme offered us several harvesting decisions.
We have trained users to consider how they want to gather data with these choices in mind as they are
conducting preliminary searches and looking at sites. Harvest decisions influence the effectiveness of
visualizations. One of the first choices we needed to make was the harvest depth, or in other words, how
many layers of Web page links did we want to follow to harvest related documents. We decided to follow
Web page links down one level. We could have decided only to look at top-level pages, or we could have
opted to delve as deep as ten linking pages. A second choice is whether to harvest links from the local host
only or allow the agent to pursue all domains. We chose local host since many sites linked to pages at other
domains that we felt would not be useful to visualize. We also selected link mode so that we would be able
to see how sites were linked once the visualization was processed.

Next, we needed to decide how much information to harvest. Since the Google relevancy ranking is
determined by a citation approach, we felt that since much of what we would like to retrieve may be new
and therefore ranked lower on Google, it would be appropriate to select the maximum number of documents
possible (10,000). It is possible, however, to limit to as few as 500.



As we reviewed pages in our initial Web investigation, we noted any problematic Web sites that returned
results not useful to our investigation. For example, “x” URL kept returning and did not include useful
information. Since we can filter unwanted URLs from our visualization, we made a note of the URL so we
could filter it later. We can easily filter out foreign language Web sites, newsgroups and FTP sites as well.

Get an overview of subject matter
Once settings and filters had been selected, we processed the visualization. The Galaxy View and the
ThemeView taken together offer an effective method for seeing the top-level ideas in a group of HTML
pages. Theme labels identify major themes. Nebulae or dark blue clouds represent areas of greatest
document density or the “hot topics.” This high-level look at a topic provides analysts with a jumping-off
point to pursue subject matter in greater detail.

Narrowing the topic
Several tools are available to conduct further analysis. These tools can be used in any order, but we like to
start with the cluster centroids tool. (Keep in mind that software programmers, not librarians, developed
these tool names.) The cluster centroids appear in Galaxy View as orange circles and display the top three
terms in each document group. The terms specify the unifying concepts within the documents. A second
tool that relates to the cluster centroids tool is the probe tool. The probe tool reveals up to 10 top-level terms
and their strength among the pages. It allows the analyst to get a broader view of topics within document
groups and even identify themes in the gaps between them. The probe tool is one of the few features of the
product that may also be used to investigate the ThemeView. Most of the tools available are used only
within the Galaxy View.

Figure 2. The orange circles are cluster centroids. Clicking on the circle shows the top three terms in the document
cluster. The probe tool displays the top ten terms anywhere you click. You may click on any region of the galaxy

including between document groups.

Once the preliminary exploration has revealed some areas of interest, the zoom tool permits the analyst to
focus attention on an area of particular interest. The document title tool allows the user to click individual



focus attention on an area of particular interest. The document title tool allows the user to click individual
documents to reveal page titles. Analysts can quickly get a sense of the type of pages in that area.

Figure 3. The zoom tool allows a user to isolate a region and get a closer look at the documents there. The
document title tool can then be used to see what types of pages are in the region.

Data Analysis with WebTheme
Isolating the information you need within the data set
As we mentioned earlier, WebTheme offers tools for information retrieval and for further analysis. Since we
were looking for information about outbreaks in Europe and Asia we conducted a number of searching
using the query tool. We have two query options: a simple word search or a query-by-example search. The
query-by-example search allows us to enter a a paragraph or more of text from a particularly interesting
document and search for additional documents that are similar to the text entered. We selected the paragraph
below and lauched a query-by-example.

It is possible to vaccinate against FMDV, provided sufficient quantities of a vaccine suitable for the particular
strain of virus are available. (Different strains of FMDV require different vaccines.) Unfortunately, although they
start to work from the time of the initial injection, maximally effective immunisation using currently available
vaccines requires two doses given about two weeks apart, and are not fully effective until about three weeks after
the first inoculation. (Booth, 2001)

The number under the search window in Figure 4 shows that one document matched our query. We can use
the slider just below the query window to move from the minus sign toward the plus sign and choose the
number of most closely related documents to investigate. We chose to review 200 documents and moved
the slider until the number read 200, then we grouped them by clicking the Group Results button. Once we
had run searches and grouped the results, we were ready use the grouping tool to combine our results and
focus our investigation.



Figure 4. A series of twelve word searches followed by a query-by-example search are used to isolate pages with
data of interest.

 

Grouping tool
The grouping tool allows the analyst to combine created sets using set logic. Three grouping tools enable
two or more sets to be combined into one set, find the intersection of two or more sets, locate items that are
either in one set or the other but not both, or select only one group of records to view.



Figure 5. The sets created in the query tool were combined in various ways within the grouping tool for further
analysis.

Gisting tool
The analyst may “get the gist” of a selected group of documents by displaying the top terms in the set and
ordering them by the number of times they appear in that particular group with the gisting tool. This tool
displays the top 50 terms in a document group and provides an even broader view of the selected pages.



Figure 6. Documents highlighted in green have been selected, and the gisting tool was used to see the top terms or
concepts within these documents. This provides the user with a sense of the themes and concepts discussed in

these pages.

 

Document Viewer
Once documents have been identified and selected, users can open them up in the Document Viewer and
browse the text, search it for terms of interest, and even see what the Web page looks like in a browser. The
document viewer allows you to look at the titles of a group of selected documents and open each one
individually. In addition, the tool keeps track of which documents you have looked at by putting a check
mark next to those you have opened.

Link mode
This tool lets you see how the Web sites are interconnected and gives you a sense of the structure of your
visualization. In addition, the link mode tool selects the documents that are related through hyperlinks so
that you can look at them in the document viewer. Link mode gives the user a chance to find documents that
may be in other regions of the Galaxy but that are of interest to the subject under investigation.



Figure 7. Link mode will permit researchers to see how pages are linked within a visualization and also selects
those documents so that they can be opened in the Document Viewer.

WebTheme is a stand-alone software program that harvests information from the Web rather than a freely
accessible search engine. The product is available to users outside PNNL through a license agreement with
the laboratory. Government agencies may acquire a license at no cost, though there is a fee for training and
installation. Companies, academic institutions, and other non-government agencies may purchase a license,
as well as training and installation services.

Conclusions
Using WebTheme allowed us to pinpoint the information our researcher was looking for. The visualization
gave us a broad overview of the topic of foot and mouth disease and swine flu. We learned where outbreaks
were occurring and what types of foot and mouth disease are being reported. We also were able to find
institutions prominent in this field, such as the Department of Agriculture, Fisheries, and Forestry Australia
(AFFA) and Ministry of Agriculture, Fisheries and Food (MAFF) in the UK, as well as other universities
and research organizations around the world.

The scientist who developed this visualization will use it to determine where to focus his research. In
addition, he now is familiar with authors in the field from information gathered from this visualization.

As more and more information becomes available on the World Wide Web, additional tools are needed to
aid in making sense of the tangle of data available there. As an information visualization tool, WebTheme
effectively displays large sets of HTML pages in a pictorial format. WebTheme visualizations can assist
researchers in quickly understanding major themes and concepts of documents retrieved, as well as by
providing tools to delve into the data set in order to glean additional insights which generally are not readily
evident using standard search engines. New search engines, such as Kartoo (http://www.kartoo.com/) and
Vivisimo (http://www.vivisimo.com/) are beginning to incorporate information visualization to assist users
in interpreting results. In addition, traditional pay-per-use content vendors such as LexisNexis are



in interpreting results. In addition, traditional pay-per-use content vendors such as LexisNexis are
introducing visualization tools as part of their product lines (Information Today, 2003)

WebTheme and other visualization applications offer librarians new opportunities to serve customers by
providing information professionals with methods to assist in preliminary analysis of rapidly growing
amounts of information. As these resources become more widely available in the commercial marketplace,
librarians are well positioned to help customers make use of them.
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