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Abstract 
 
The Information Retrieval Visualizer (IRV) is a 

web-based retrieval system that provides the user 
with dynamic visualizations of search results. It 
combines well-known techniques of information re-
trieval, including stemming, keyword matching, and 
cosine similarity, with the new and relatively suc-
cessful hubs and authority approach for describing 
Web document relevance based on a document’s 
relationship to other documents. The system devel-
ops a new and unique approach to document visua-
lization that encodes these metrics in a single visual 
representation. This new, easily scannable repre-
sentation, allows the user to interact with search 
results as the scope of search is expanded dynami-
cally across the Web. 

 
1. Introduction 

 
The explosive growth of the World Wide Web 

has created a critical need to automatically filter, 
organize, and assess the quality of information so 
that users can efficiently and effectively identify and 
assess information sources. The availability of 
commercial search engines provides users one 
means of accessing information on the Web. Though 
this may account for much of the Web’s popularity, 
it hides many of the difficulties of effective informa-
tion access.  Searching the Web is difficult due to 
size, diversity of data, and lack of quality assess-
ment metrics, among other factors. 

Though widely available commercial search tools 
are valuable assets to the Web searcher, it seems 
likely that these tools alone will not solve the cur-
rent problems of information access. The challenges 
of information access on the Internet are issues 
common to all forms of information retrieval.  These 
longstanding issues include difficulties in using in-
dexing vocabularies, indexing indeterminacy, and 

the user’s inability to completely specify informa-
tion needs [9].  Retrieving information that meets 
users’ information needs is an iterative process, and 
techniques that explicitly incorporate users’ judg-
ments, such as relevance feedback [12], provide 
means to automate some aspects of user guided re-
trieval.  It is also clear that mechanisms providing 
alternative paths of access to information can en-
hance retrieval effectiveness [1]. 

 
1.1 Data Mining 

 
Data mining techniques typically operate on very 

large data sets to reveal underlying structures or re-
lations [5]. The link structure of the World Wide 
Web represents a form of latent human annotation, 
and thus offers a promising starting point for struc-
tural studies of the Web. There has been a growing 
body of work directed at the integration of textual 
content and link information in order to organize 
and search hypermedia such as the WWW.  

Of particular interest for the problem of Web 
search is the recently emerging focus on the Web’s 
hyperlink structure as a source of semantic informa-
tion in the knowledge discovery process. Clever [3, 
4] is a search engine that analyzes hyperlinks to un-
cover two types of pages; “authorities”, which pro-
vide the best source of information on a given topic, 
and “hubs”, which provide collections of links to 
authorities. Kleinberg and colleagues [6, 7, 11] de-
veloped an algorithm computing metrics for hubs 
and authorities, HITS  (Hyperlink Induced Topic 
Search). Beginning with a search topic specified by 
query terms, the HITS algorithm performs two main 
steps: a sampling component, which constructs a 
focused collection of Web pages likely to be rich in 
relevant authorities; and a weight propagation com-
ponent, which determines numerical estimates of 
hub and authority weights by an iterative procedure.  



In addition to finding structural components such 
as hubs and authorities, hyperlinks can also be used 
to categorize Web pages. However, exploiting this 
link information is challenging because it is highly 
noisy. HyperClass [4] embodies one approach to this 
problem, making use of robust statistical models 
using random fields together with a relaxation labe-
ling technique. The methodology of influence 
weights from citation analysis is similar to a link 
based search method initially used in the Google 
search engine [2]. The algorithm first computes a 
score, PageRank, for every page indexed. Given a 
query, Google returns pages containing the query 
terms, ranked in order of these pages’ Page Ranks. It 
focuses on pages identified as “authorities”, as in 
other work. Using a crawler, it searches for hyper-
links to other pages that are deemed relevant to the 
topic, based on text-matching and other techniques. 
Google ranks such pages highly and to return them 
in response to a search query.  

 
1.2 Visualization 

 
One promising approach for enhancing informa-

tion access in large information spaces, such as the 
Web, is visualization to facilitate users’ perception 
of document relation structure.  A number of sys-
tems have been developed to provide visually based 
browsing mechanisms for traversing the link struc-
ture of Internet documents [8, 14, 15]. 

Visualization has also been used routinely in data 
mining as a presentation tool to generate initial 
views, navigate data with complicated structures, 
and convey the result of an analysis. Perhaps a 
stronger visual data mining strategy lies in tightly 
coupling the visualizations and analytical processes 
into one tool. Letting human visualization guide an 
analytical process and decision-making remains ma-
jor challenge. Certain mathematical steps within an 
analytical procedure may be substituted by human 
decisions based on visualization to allow the same 
analytical procedure to analyze a broader scope of 
information. Visualization supports humans in deal-
ing with decisions that can no longer be automated 
[16]. VANISH [10] is a visualization tool used in 
this way by supporting the easy integration of new 
semantic domains for visualization. It was used to 
implement an  algorithm  that  supplements standard 

content only searches with structural information 
collected by a spider. After the query has been post-
processed via a three-step process, an information 
space is constructed from the neighbor set, suitable 
for visualization. It has the capability to visualize 
these information spaces structured as both graphs 
and trees. 

 
2. The    Information    Retrieval    Visualizer  
     (IRV) System 

 
The Information Retrieval Visualizer (IRV) com-

bines long-standing techniques of information re-
trieval with more recent developments in data min-
ing of web contents to dynamically present visual 
representations of web search results to users. The 
system proceeds by using the user’s query to initiate 
a search of the web using the hubs and authority 
approach of root set formation. The system then 
“crawls” from this set to retrieve further documents 
for which metrics of authority are determined. An 
important aspect of the system is that a visual repre-
sentation of each document is displayed, and with 
which the user may interact, as the computation of 
metrics through search continues.  This section de-
tails IRV document retrieval and data mining func-
tionality, together with display and visualization 
techniques used by the system. Figure 1 below 
presents an overview of the system in use. 

 
1.1 System Use and Display 

 
Displayed as a search progresses, visual page re-

presentations are dynamically added to the results 
visualization window. In the figure’s example the 
page representation shown on the left on both screen 
and visualization window reflects a) a relatively 
long document, as represented by the length of the 
line, that b) has a moderate number of the search 
keywords, as represented by its placement midway 
along the x, or keyword count, axis, and c) has a 
relatively high authority score, as represented by its 
placement at the high end of the y, or authority, axis. 
The page representation shown on the right is a) a 
shorter document, with a shorter line, that b) has 
fewer keywords, as it is to the right of the first page, 
and c) is of lower authority, as it is higher. Addi-
tionally,      it      has    one      paragraph     that     is   



 
 
Figure 1. Results of a search using the Information Retrieval Visualization (IRV) system. Displayed as a 
search progresses, visual representations are dynamically added to the results visualization window. In the ex-
ample above the page shown on the left on both screen and visualization window has a) relatively many of the 
search keywords, as represented by the length of the horizontal line, but a low authority score, as indicated by 
no diagonal line. The page shown on the right has b) fewer keywords than the other page, as the horizontal 
line is shorter, but a higher authority score, shown by the diagonal line. 
 
closely related to the overall content of the page. As 
page representations are added to the display, the 
range of values for authority and number of key-
words, of course, changes and it is a pages relative 
position in the dynamically adjusted range that de-
termines its placement. 

As noted, the display element representing a sin-
gle page is formed from a set of lines. It is the com-
bination of two lines characterizing the system’s 
extraction of information about a page’s number of 
words, i.e., the word count line, and paragraph struc-
ture, i.e., paragraph content lines. The display ele-
ment’s form facilitates comparison with other pages’ 

content. For all pages a horizontal line represents 
the number of words that document has, the word 
count, or length, line.  Given that single web pages 
may range from a simple list of links to entire re-
ports, this information can be quite useful to the user 
in determining which document to retrieve and ex-
amine.  

For pages with multiple paragraphs, paragraph 
content lines are drawn at different angles to the 
horizontal line. Each of these lines represents a pa-
ragraph in the document. The angle of paragraph 
content lines represents the relevance individual pa-
ragraphs in the document have to the document as a 



whole. This provides some information about the 
structure of the page. It gives an indication of how 
“focused” the document is, as detailed in the follow-
ing section. Documents that contain a group of pa-
ragraphs closely related to each other will have pa-
ragraph lines relatively close to the horizontal and 
close together. For groups of paragraphs that are not 
similar, i.e., less “focused”, the paragraph lines will 
spread out more and be farther from the horizontal 
word frequency line. 

 
2.2 Visual Structures 

 
Information Retrieval Viewer shows the user 

multiple dimensions of information simultaneously. 
The view is split into two main parts, the X-axis/Y-
axis system and P(aragraph)/D(ocument) system. 
Figure 2 below, shows the visual representation of a 
single page.  

X-axis/Y-axis System. Keyword match is a prima-
ry element in placement of the visual page represen-
tation. The words are stemmed to enhance results 
and keep higher counts on our values to determine 

effectiveness. Authority value of a page determines 
placement on the Y-axis. Placement at X and Y 
points is relative to the range of keyword matching 
authority values that is constructed as pages are ana-
lyzed and added to the set. Visual representations 
are positioned at a point on an X/Y plane, where the 
X-axis represented the matching keywords and the 
Y-axis represented the authority value on the docu-
ment. 

P/D System. While trying to give users as much 
information as possible without overwhelming them 
we implemented a way to show how relative a para-
graph was to the document it was on. This method is 
very well known of creating a vector of terms for the 
entire document and creating a vector of terms on 
each paragraph and measuring the difference of 
each. This also gave us the opportunity to show an 
easy to understand way of representing the length of 
each document and each paragraph. The result was 
our ability of instead of plotting generic points we 
plot points with this structure. This is done with the 
following function: 

 
 

 
 

Figure 2. Visual representation of a single page. The visual representation reflects a page’s length and para-
graph structure. All pages are represented by a horizontal line. The length of the line represents the number of 
words in the page. Pages with multiple paragraphs have additional, non-horizontal, lines, each of which 
represents a paragraph in the document. Paragraphs with content close to that of the entire document are 
represented by lines with small angles from the horizontal line. 

 



 
Where R(p,d) is the cosine similarity of term vectors 
of paragraph p and the document d, and n is the 
number of paragraphs in the document. D(p’) ana-
lyzes the number of steps that the relevance value 
R(p’,d) is away from the mean relevance value. 
Each step is equal to the standard deviation of the 
relevancies of paragraphs to the containing docu-
ment.  
 
3. Conclusions 

 
The IRV system uses both well know information 

retrieval techniques and newly developed data min-
ing techniques coupled with visual representations 
of retrieved documents to provide users a dynamic, 
highly interactive system for document retrieval on 
the web. The combination of techniques is novel and 
provides an alternative to current static, typically 
text-based web document retrieval systems. 
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