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ABSTRACT
The explosive growth of available information sources and
the resulting information overload pose several problems
for users in many business organizations and educational
institutions. First, searching through several information
sources, one at a time, is a source of enormous frustra-
tion for users. Second, top-ranked documents in search
results are frequently irrelevant to what users are inter-
ested in. To address these problems, we have developed
iXmetafindTM, a powerful metasearch engine that gathers,
evaluates, ranks, and reports the most relevant results from
multiple information sources, including library catalogs, pro-
prietary databases, intranets, and Web search engines. In
addition to basic metasearch capabilities, iXmetafind uses
personalization and clustering techniques to find the most
relevant results for users. In this paper, we briefly describe
technologies used in iXmetafind and present PinpointTM from
Sagebrush Corporation, the smart research toolTM in the
kindergarten through twelfth grade (K-12) school environ-
ment. Pinpoint showcases iXmetafind in the knowledge
management domain of the K-12 school environment.
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1. INTRODUCTION
The explosive growth of available information sources and

the resulting information overload pose several problems
for users in many business organizations and educational
institutions. First, searching through several information
sources, one at a time, is a source of enormous frustration
for users. Information sources can be difficult to search,
and the information a user wants could be in any of them,
or pieces of what he wants could be found in several. As a
result, search results are often incomplete, leaving the user
disappointed. Second, top-ranked documents in search re-
sults are frequently irrelevant to what users are interested
in. This might be due to limited query capabilities (e.g, lack
of boolean query support), the poor ranking mechanism of
search engines, a poor choice of keywords, and/or the prob-
lems of word synonymy and polysemy.
In response to the first problem, frustration at searching

through multiple information sources, several metasearch
engines have been developed [6, 11, 9]. Meta-search engines
take query keywords, simultaneously transmit the query to
several individual search engines, and collate together re-
sults from all search engines. In response to the second prob-
lem, irrelevant results, document clustering approach has
been developed to provide intuitive navigation and brows-
ing mechanisms by organizing large amounts of information
into a small number of meaningful clusters [17, 4]. Another
approach has been developed based on personalization of in-
formation [1, 2, 12]. Personalized information filtering sys-
tems typically try to find pertinent information based on
the interest of the user as an individual or as a member of
a group.
We have developed iXmetafind, a powerful metasearch en-

gine that gathers, evaluates, ranks, and reports the most
relevant results from multiple information sources, including
library catalogs, proprietary databases, intranets, and Web
search engines. To the best of our knowledge, iXmetafind is
the first product of its kind that has all the features dis-
cussed above: metasearch capabilities, personalization, and
clustering methods.
In this paper, we briefly describe technologies used in

iXmetafind to support these features. We also present
Pinpoint, the smart research tool in the K-12 school envi-
ronment from Sagebrush Corporation. Pinpoint showcases
iXmetafind in the knowledge management domain of the
K-12 school environment.
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Figure 1: Main components and features of
iXmetafind.

2. IXMETAFIND SEARCH AND NAVIGA-
TION TECHNOLOGY

Figure 1 shows the main components and features of iXmetafind.
iXmetafind provides flexible mechanisms for collection se-
lection and uses the state-of-the-art collection fusion method
for metasearch. In addition to these metasearch capabilities,
iXmetafind provides personalization and relevance feedback
based on query histories, and clustering and categorization
for exploration and browsing.

2.1 The Search Template
Each information source is described by a search template

in iXmetafind. The search template defines the interface
mechanism (http, z39.50, ODBC, web services, etc.); the
query interface format that specifies how to pass in search
terms, authentication, selection of databases, and how to
parse information for results (HTML page/tag information,
XML tag information, etc.).
The search template also maps globally defined (mutu-

ally agreed) values into search engine-specific values. For
example, the data access security level can be mapped into
the specific security level of an individual search interface.
Given global security levels of “level 1”, “level 2”, and “level
3”, a particular search template might map “level 1” as “s1”,
“level 2” as “s2”, and “level 3” as “s3” in the query inter-
face format. Another search template might map “level 1”
as “basic”, “level 2” as “restricted”, and “level 3” as “con-
fidential”.

2.2 Collection Selection Using a Query Profile
iXmetafind defines which information resources (defined

as search templates) to use and the relative importance of
each source using a query profile. In other words, the dis-
patch mechanism [5] of metasearch is explicitly controlled
by the query profile.
The query profile also defines global values for search. For

example, the query profile can set one security level for users
of that profile. Several profiles can be maintained in the sys-
tem and each corresponds to a particular mix of information
resources, their importance, and global values. Dynamic
profiles can be used as well. In that case, a dynamic profile

corresponding to a particular user and query is built and
used for the query.
In addition to the information sources and global values,

the query profile contains which query history to use for
personalization (see Section 2.4).

2.3 Expert Agreement and Content-Based Col-
lection Fusion

A key component of a metasearch engine is the method
used to merge the individual lists of documents returned by
different engines to produce a ranked list that is presented
to the user. The overall quality of this ranking is critical, as
users tend to examine the top-ranked documents more than
the lower-ranked documents. In iXmetafind, we use Mearf,
the state of art fusion mechanism described in [11].
Most of the metasearch engines for which technical de-

tails are available ([5], [14], [6]), use a variation of the linear
combination of scores scheme (LC) described by Vogt and
Cottrell [15]. This scheme requires that a weight be asso-
ciated with each source (reflecting its importance) as well
as a weight associated with each document reflecting how
well it matches the query. Then, the LC-based scheme uses
a product of the two weights to compute an overall score
for each document to be used in ranking. If the weight of
each source is unknown or uniform and if the sources only
provide a ranked list of documents (no numerical scores) –
which is the case for most search engines – then this scheme
becomes equivalent to that of interleaving the ranked docu-
ments produced by the different sources. No relative scoring
is actually being done or considered.
Mearf has four novel methods for merging results from dif-

ferent search engines. The schemes proposed are motivated
by the observation that even though the various search en-
gines cover different parts of the web and use different rank-
ing mechanisms, they tend to return results in which the
higher-ranked documents are more relevant to the query.
Presence of the same documents in the results of different
search engines in top ranks can be a good indication about
their relevance to the query. In fact, some existing LC-based
methods already use this observation to boost the ranks of
such documents. The methods used in Mearf take advan-
tage of this observation and also look for common themes
present in top-ranked documents to extract a signature that
can be used to re-rank other documents. As a result, un-
like LC-based methods, the methods in Mearf can boost the
ranks of the documents that are similar in content to the
top-ranked documents deemed relevant. These new meth-
ods that use expert agreement in content to merge and re-
rank documents have been shown to outperform traditional
LC-based methods commonly used in various search engines
and Google, a popular and highly regarded search engine.

2.4 Personalization and Relevance Feedback
Using Query History

iXmetafind provides mechanisms to create multiple query
histories and to record relevance feedback. The query his-
tory contains the latest queries and their corresponding “hits”
– information content that users selected/liked. The query
history is used in two ways in iXmetafind. In the collec-
tion fusion process, the relevant hits with respect to a given
query are retrieved from the query history. For example,
if the query is “pilot training”, then similar queries in the
query history are searched and corresponding hits are re-
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turned. This set of hits forms one expert opinion for the
fusion process and influences the final ranking of the hits.
Note that, by using different query histories, the final rank-
ing of the same query can be personalized to a particular set
of users corresponding to the query history used. For exam-
ple, when the query history of aviation authorities is used,
hits related to FAA flight training programs might come up
at the top of the final hits. With the same query, when the
query history of FBI agents is used, hits related to terrorists
taking flight training programs might come up at the top of
the hits.
The query history is also used to provide “best bets” of

the given query. The set of hits from the query history forms
a concept, and this concept is used to find the “best bets”
from the past query history and from the search results of
the current query. Note also that by using different query
histories, the “best bets” can be personalized.

2.5 Exploration of Results Utilizing Cluster-
ing

Fast and high-quality document clustering algorithms play
an important role in providing intuitive navigation and brows-
ing mechanisms by organizing large amounts of information
into a small number of meaningful clusters [17, 4]. In partic-
ular, clustering algorithms that build meaningful hierarchies
out of large document collections are ideal tools for their in-
teractive visualization and exploration as they provide data-
views that are consistent, predictable, and at different lev-
els of granularity. For example, given set of results coming
back from the query “mercury”, clustering algorithms would
group the results into topics such as Mercury the planet,
Mercury the Greek god, mercury the element, Mercury The-
ater, Mercury the car, and so on. Or, given the search term
“apple”, clustering algorithms would provide one set of re-
sults about Apple Computer, one set about recipes, one set
about the Big Apple, meaning New York City. Since these
clusters represent different contexts of the same word, users
can easily navigate through search results by selecting rele-
vant clusters.
iXmetafind provides fast document clustering based on

partitional algorithms described in [17]. Given a set of doc-
uments from the fusion process, the clustering mechanism
finds groups of documents that are similar and provides sets
of words that describe the clusters. Users can easily identify
clusters that best fit their search/browsing needs and narrow
down their search or search with a new query that contains
additional words in the clusters they found interesting.

2.6 Categorization/Auto-Classification
Automatic text categorization [16, 10, 8, 7, 3], which is

the task of assigning text documents to pre-specified classes
(topics or themes) of documents, is an important task that
can help people find focused information from huge resources.
For example, let’s assume a user has topics of interest such as
business, sports, travel, books, and movies, and has collected
some articles related to these topics as samples. From the
search results, this user would like to collect all the informa-
tion related to individual topics. Once a classification model
is learned from documents representative of these topics, all
the search results be classified according to this model. Only
the documents closely related to the sample documents of
the classification model will be identified and presented to
the user.

iXmetafind uses a simple linear-time, centroid-based doc-
ument classification algorithm [7] that, despite its simplicity,
has robust performance. In this algorithm, a centroid vector
is computed to represent the documents of each class, and
a new document is assigned to the class that corresponds to
its most similar centroid vector, as measured by the cosine
function. Extensive experiments presented in [7] show that
this centroid-based classifier consistently and substantially
outperforms other algorithms such as Naive Bayesian [10],
k-nearest-neighbors [16], and C4.5 [13], on a wide range of
datasets. Our analysis shows that the similarity measure
used by the centroid-based scheme allows it to classify a new
document based on how closely its behavior matches the be-
havior of the documents belonging to different classes. This
matching allows it to dynamically adjust for classes with dif-
ferent densities and accounts for dependencies between the
terms in the different classes. We believe that this feature
is the reason why the centroid-based classifier consistently
outperforms other classifiers that cannot take into account
these density differences and dependencies.

3. PINPOINT, THE SMART RESEARCH TOOL
FROM SAGEBRUSH

Knowledge management has become a challenging task in
the K-12 school environment. Patrons, mostly students, are
faced with an overwhelming variety of information sources
that can include the school library catalog, on-line subscrip-
tion services, Internet resources, and catalogs that institu-
tions such as the Library of Congress have made available
on Z39.50 servers. In the past, students have relied heavily
on the librarian’s help to choose age-appropriate sources.
Even then, students have had to search each source sep-
arately, manually compiling information from each source.
For many students, especially those in lower grades, this
process is too cumbersome. As a result, when conducting
research for papers and class assignments, students have sel-
dom taken advantage of even a small portion of the available
information.
Sagebrush Corporation undertook to develop a searching

tool to make the research process less cumbersome for stu-
dents and librarians alike. This product had to provide stu-
dents with easy access to age-appropriate sources, preferably
without librarian assistance; provide students with an easy
method of quickly searching multiple sources; and combine
results from multiple sources into a single search result con-
taining highly relevant and age-appropriate items.
To meet these goals, Sagebrush developed Pinpoint, a

searching and research tool that enables students to search
multiple sources in a single operation using iXmetafind. Dur-
ing setup, the Pinpoint administrator provides the informa-
tion the program needs to access the information source, the
source’s information type (library items, reference facts, ar-
ticles and pages, biographies, news, reports, and so on), and
the source’s priority for each grade level for each source.
This information is mapped into iXmetafind search tem-
plates and profiles.
When searching, patrons specify the type of information

that they want to find and their grade level (e.g., elementary,
middle/junior high, high school, or adult), in addition to
the search terms. This information is used to find the right
search profile and query history. Note that Pinpoint main-
tains a separate query history for each grade level.
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By employing this strategy, Pinpoint ensures that patrons
are presented with the most relevant search results. A high
school senior and an elementary student may use exactly
the same search terms, yet Pinpoint focuses their searches
appropriately and yields different results in each case. The
high school student is presented with materials suitable for
a high school student; the elementary school student is pre-
sented with materials suitable for an elementary student.
Students can also hone in on clusters by clicking the ‘Zoom

in link’ (i.e., ‘More Like This’ utilizing clustering techniques
discussed in Section 2.5) for any item in the search results.
In addition, students can choose items from a HotPicks list
(i.e., ‘Best Bets’ discussed in Section 2.4) which is generated
based on the group’s query history.

4. CONCLUDING REMARKS
iXmetafind incorporates cutting-edge search methods to

gather, evaluate, rank, and report the most relevant results
from multiple databases, including library catalogs, pro-
prietary databases, intranets, and Web search engines. It
also incorporates personalization/collaboration techniques
for finding the most relevant information for an individual
or a group. Clustering and categorization mechanisms in
iXmetafind allows intuitive navigation and browsing. To
the best of our knowledge, iXmetafind is the first product
of its kind that has metasearch capabilities with personal-
ization and clustering capabilities.
iXmetafind can be used as a library portal, virtual union

catalog, or an OPAC (on-line public access catalog). The
Pinpoint product for K-12 school environment uses iXmetafind tools
for helping K-12 students to find the best information they
need for learning. Pinpoint has been well received in the
market and demonstrates the technology advantages of iXmetafind in
the real world. Pinpoint demonstrates that iXmetafind makes
quality research results literally child’s play.
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APPENDIX
iXmatch is a registered trademark and iXmetafind and ix-
match.com are trademarks of iXmatch Inc. Pinpoint, Sage-
brush, and smart research tool are trademarks of Sagebrush
Corporation. Apple is a trademark of Apple Computer, Inc.,
registered in the U.S. and other countries. Google is a trade-
mark of Google Inc. Mercury is a trademark of Ford Motor
Company. Mercury Theatre is a registered service mark of
Mercury Theatre, Inc.

495


