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Abstract 

In order to realize the potential of the 
World Wide Web (WWW) to supply infor- 
mation it will be necessary to sigmficantly 
increase the effectiveness of existing search 
and retrieval mechanisms. One promising 
approach is visualization, which has been 
used successfully in an wide range of do- 
mains to provide insight into the organiza- 
tion of complex systems. The Document 
Explorer system creates a visual browsing 
environment for WWW documents based on 
semantic content, rather than on link struc- 
ture such as used in other WWW browsing 
and visualization tools. Existing WWW in- 
dexing and content extraction tools are used 
together with new techruques for graph 
based abstraction and clustering to present 
dynamic, visualization of content based 
three dimensional space. 

1 Introduction 

The dramatic increase in information 
available throughout the Internet and 
through the World Wide Web in particular 
presents unparalleled opportunities for pub- 
lic information access. However, the very 
quantity of information coupled with the 
lack of universally accepted means for ac- 
cessing the content of that information pres- 
ents unparalleled challenges of information 
access. Content based search and retrieval 
systems have both been available for a long 
time, e.g., WAIS, and a number of efforts 
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are underway to improve the effectiveness 
of indexing and information gathering sys- 
tems [4], yet it seems likely that these tools 
alone will not solve the current problems of 
information access. 

Central to the challenge of information 
access on the Internet are issues that are 
common to all forms of information re- 
trieval. These issues include indexing inde- 
terminacy, difficulties in using indexing vo- 
cabularies, and the user's inability to com- 
pletely specify information needs [6] .  It is 
widely recognized that retrieving informa- 
tion that meets users' information needs is 
an iterative process, and techniques which 
explicitly incorporated users' judgments, 
such as relevance feedback, have been de- 
veloped to provide mechanisms guiding re- 
trieval. It is also widely accepted that 
mechanisms providing alternative paths of 
access to information can enhance retrieval. 
One class of tools wlvch seems particularly 
promising for augmenting the information 
retrieval process is visualization. 

2 Information Visualization and Infor- 
mation Spaces 

Scientific visualization presents a visual 
representation of a physical phenomenon to 
the user to enhance understanding and pro- 
vide insight into the phenomenon. Informa- 
tion visualization shares this goal and is 
faced with challenges not encountered in 
scientific visualization. For scientific visu- 
alization the visual representation is derived 
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from a physical phenomenon, hence there 
typically exists a natural visual representa- 
tion based on spatial, temporal, or other 
properties of the phenomenon to be visual- 
ized. For information visualization elements 
to be visualized typically have no physical 
component which might naturally supply a 
basis for visualization. Rather, the elements 
to be visualized often only have semantic 
properties which have no inherent spatial 
analog from which to create a visual repre- 
sentation. Any spatial ordering used in dis- 
play must be created as part of the visuali- 
zation process. Viewed in this way, infor- 
mation visualizatioin requires three compo- 
nents: data organization, visual spatial rep- 
resentations of the data organization, (and 
display and interaction mechanisms. 

Thrs paper reports on the applicatiori of 
the Document Explorer system [3] to visu- 
alization of the WWW. Other visualization 
systems have prolvided mechanisms for 
visualization of W W  documents based on 
HTML link structure. The approach we pre- 
sent bases the visualization and browsing 
mechanisms not on link structure, but on the 
semantic content of documents. This ap- 
proach can serve as an adjunct to text and 
link based search by supplying a visual 
search environment based on semantic as- 
sociations among UIWW documents. 

3 Visualizing and Navigating WWW 
Semantic Content with Document 
Explorer 

In order to visualize a semantic space of 
WWW documents the Document Explorer 
provides mechanisms for each of the three 
components of infomation visualization 
listed above. Figure I below shows some of 
the components of the system. 

3.6. Data organization: Extracting and 
Organizing WWW Semantic Content 

Recently, attention has been directed 
toward search of the WWW and a number 

of content extraction tools have been devel- 
oped [41. One such tool is the Harvest sys- 
tem [I]. In this system indexing information 
is made available and can be used to per- 
form searches on documents’ keyword in- 
dexing. Additionally, Hawest can serve as a 
general purpose tool for filtering or connect- 
ing indexing mformation to other tools by 
making keyword lists arid location informa- 
tion available. 

The Document Explorer system operates 
on keyword lists to determine associations 
among documents usiing a co-occurence 
metric to derive similarity measures among 
documents. The associative networks used 
in the system are Pathfinder networks 
(PFNETs) [2]. In constructing a PFNET two 
parameters are incorporated: r determines 
path weight according to the Minkowski r- 
metric and q specifies the maximum number 
of edges considered in finding a minimum 
cost palh between entil-ies. As either pa- 
rameter is manipulated, edges in a less 
complex network form ai subset of the edges 
in a more complex network. Thus, the algo- 
rithm generates two orthogonal families of 
networks, controlled by r and q. The least 
complex network is obtained with r = 00 and 
q = n-I, where n is tlhe total number of 
nodes in the network and is used in the sys- 
tem. 

The hfficulty of abstraction, or reduc- 
tion of the complexity, of networks is a 
central challenge to many efforts in visualiz- 
ing the WWW. One approach is to transform 
the graph representing connectivity among 
document to a hierarchy by removing links 
to form a tree. Visual representations of hr- 
erarchie s are relatively well developed com- 
pared to the more general problem of repre- 
senting directed graphs. Mukherjea et al. [5] 
use this approach for WWW documents 
augmented with the ability to dynamically 
reform hierarchies based on user needs. The 
approach used in the Document Explorer is 
similar in the identification of nodes repre- 
senting single documents to serve as distin- 
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guished points for &splay and navigation. 
Nodes with high degree are identified for 
use in &splay and navigation in a fashon 

similar to the identification of cluster cen- 
troids in single link clustering. 

Figure 1 : Document Explorer used with a web browser. The HTML viewer is the upper left win- 
dow. The Document Explorer view of an associative network of documents is visible in the 
middle of the screen with overview hagrams to the right. In t h~s  view documents are labeled by 
content. Below the HTML viewer is the user's natural language query used to fmd an entry point 
for browsing in the document network. Lower windows show visual bookmarks the user has set. 
The rightmost is a view of the document set's global structure. 

3.2 Spatial visual representations of the 
semantic data organization 

The PFNET of WWW documents serves 
as the basis for the browsing and retrieval 
tools available in the system. To create a 
spatial representation a graph layout algo- 
rithm based on a spring metaphor to position 
nodes of the document network in three di- 
mensional space is used. Nodes are consid- 
ered as connectors and the length and 

strength of springs among connectors is de- 
rived from PFNET path &stances. Nodes are 
positioned at the points whch minimize to- 
tal energy in the system of springs as nodes 
are allowed to vary in three Qmensions. By 
manipulating parameters for spring length 
and strength it is possible to create layouts 
which are useful for user interaction and 
which visually reveal the clustering and 
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connectivity among documents, such as 
shown at the bottom right of Figure 1. 

3.3 Display and initeraction mechanisms 
The display and interaction mechanisms 

provided in the Document Explorer focus on 
providing orientatifon and overview of the 
global structure o F document associat~~ons 
together with navigation and retrieval tools 
for exploring local detail. One orientation 
technique is the overview diagram con- 
structed using the nlodes of highest degree in 
the network whch tracks the view volume 
of the detailed view. 

Several viewing tools are available to 
the user. Standard interaction techniques 
using six degree of freedom input are used 
to move through the network's three- 
dimensional space. Nodes in view at a par- 
ticular time can be: determined both by the 
standard viewing projection of the three- 
dimensional space and user-controlled tools 
that vary &splay density based on network 
structure. For example, the user can use 
fisheye viewing techniques to control den- 
sity by specifying threshold values for the 
degree of interest or path distance from the 
focus node. Most simply, the user can select 
a node which represents a single document 
or a cluster centroid and expand or collapse 
connected nodes. 

To facilitate orientation and navigation 
in the space tools; are provided for fluid 
navigation in the space, such as zooming to 
documents or document clusters which are 
selected manually, or through the user's en- 
try of a natural language question which is 
used to select a dowment cluster to serve as 
a starting point for user duected exploraiion. 
Link and node coloring are used to indicate 
the parts of the nletwork whch have been 
viewed or are of hgh similarity to the user's 
query. 
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5 Coiaelusion 

The Document Explorer provides a suite 
of visuailization tools for aiding users in in- 
teractively navigating the WWW using se- 
mantic irelationships among documents. Ths 
form of' access can supply a useful adjunct 
to other forms of informiation access. In par- 
ticular Ihe system's visual representation of 
global semantic structures allows the user to 
maintain a view of hgh level structure whle 
seamlessly exploring detailed information. 
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