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Abstract The quality of the search experience has
been an enduring problem for the World Wide Web.
One of the well-known difficulties is the tendency of
users to use short, under-specified and ambiguous
queries, which tend to retrieve large amounts of ir-
relevant material. Traditional query expansion and
relevance feedback approaches have been used to ad-
dress this problem, but without as much success as
these techniques have garnered in more restricted
areas such as traditional IR collections. This pa-
per presents ARCH, an interactive query formula-
tion aid that is based on conceptual categories. The
user’s query is reformulated to include categories
that the user recognizes as important and exclude
those that are not important. Unlike query expan-
sion techniques, which might add lists of synonyms
to increase recall, ARCH uses the domain knowl-
edge inherent in Web-based classification hierar-
chies such as Yahoo to add just those terms likely to
improve the match with the user’s intent. The goal
of the system therefore is to meet the user’s infor-
mation needs by closing the gap between the user’s
stated query and the actual intent of the search. In
this paper, we discuss the implementation of ARCH
with a particular focus on the query enhancement
mechanism. We also discuss our evaluation of the
system.
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1 Introduction

The quality of the search experience has been
an enduring problem for the World Wide Web.
Although effective search engines are available

on the Web, users do not find it easy to formu-
late effective queries to use with these engines,
and as a result, the user experience is often un-
satisfactory. The average Web user types less
than three keywords when using a search en-
gine [16], a statistic that has changed little in
the history of the Web. The key to improving
search therefore may not be to tweak search
engine technology, but rather to improve the
input to such systems: to help users formulate
queries that better reflect their search intent,
and have a higher likelihood of returning good
results.

In this paper, we describe the implementa-
tion of the query enhancement component for
ARCH (Adaptive Retrieval based on Concept
Hierarchies), that uses domain-specific concept
hierarchies to assist users in formulating an
effective search query. Previous publications
have introduced ARCH as an adaptive agent
for retrieval [12]. The system’s query enhance-
ment uses two mutually-supporting techniques:
semantic and behavioral. The behavioral as-
pect requires observing the users’ browsing be-
havior for user profiling and automatic query
enhancement, while the semantic aspect sup-
ports the use a concept hierarchy for interac-
tive query enhancement. Our previous work
has discussed the architecture of the overall
system and the integration of the semantic and
behavioral components. This paper discusses
the implementation of ARCH with a particu-
lar focus on the query enhancement mechanism
based on the semantic aspect of the system.
We also discuss our evaluation of the system.



Recent work in the area of information re-
trieval involves the design of intelligent tools,
such as intelligent Web agents [2; 3; 6; 9;
10]. Research has also been performed in
designing mechanisms to incrementally refine
user queries [1; 7]. Earlier work has focused on
query expansion based on lexical variants such
as synonyms [11]. This research attempts to
find a solution that will generate richer queries
than traditional simple query expansion meth-
ods.

In ARCH, the initial query is modified based
on the user’s interaction with a modular con-
cept hierarchy. Since the concept hierarchy
is domain-specific, the query enhancement in
ARCH is based on domain knowledge. There-
fore, the queries that are generated by ARCH
have the potential to be far superior to those
queries created by traditional query expan-
sion mechanisms which use domain indepen-
dent heuristics such as synonyms. In addi-
tion, earlier work has focused on query refor-
mulation based on relevance feedback from the
search results [4].

In contrast, this research focuses on the cre-
ation of an effective query prior to the initial
search task. The goal of the system is to meet
the user’s information needs by closing the gap
between the user’s initial query and the actual
intent and motivation for the search.

Because the concept hierarchy itself is sim-
ply another input to the system, ARCH can
switch among the representations of different
domain-specific hierarchies. For example, a
user interested in performing a general search
on the Web can use the Yahoo concept hier-
archy whereas a user interested in medical in-
formation can use a medical concept classifica-
tion hierarchy such as Medical Subject Head-
ings (http://www.nlm.nih.gov/mesh/).

2 System Overview

The system consists of an offline and an online
component. The offline component handles the
learning of the concept classification hierarchy.
The online component involves displaying the
concept hierarchy to the user, allowing the user

Figure 1: Query Enhancement Mechanism in
ARCH

Figure 2: Portion of the Yahoo hierarchy corre-
sponding to the node Languages

to select and/or deselect concepts, and gener-
ating the enhanced query. The query enhance-
ment mechanism is displayed in Figure 1. The
system is implemented using Microsoft Visual
C# .NET. The system uses a SQL Server 2000
database for the initial formulation of the con-
cept hierarchy. The aggregate representation
of the concept hierarchy is represented in XML.

3 Offline Component
The offline component handles the learning of
the concept classification hierarchy by building
an aggregate representation of the concept hi-
erarchy. This involves a spidering agent and a
stand-alone application called the Concept Hi-
erarchy Application. The system maintains an
aggregate representation of the concept hierar-
chy by pre-computing the term vectors for each
node in the hierarchy. The current implemen-
tation of the system uses the Yahoo hierarchy.

As an example, Figure 2 displays a portion of
the Yahoo hierarchy corresponding to the node
Languages. The partial term vector for this



Figure 3: Partial term vector which provides an
aggregate representation of the node Languages

node is displayed in Figure 3. The term vector
which represents the node Languages is com-
puted from a combination of the documents in-
dexed under this node as well as the term vec-
tors representing its subconcepts such as C#,
Python, and Java. Let’s consider a specific
node n in the concept hierarchy and assume
this node contains a collection of Dn of individ-
ual documents and a set of Sn of subconcepts,
the term vector for the node n is computed as
follows:

Tn =

[( ∑
d∈Dn

Td

)
/|Dn| +

∑
s∈Sn

Ts

]
/ (|Sn| + 1)

In the above formula, Td is the weighted term
vector which represents an individual docu-
ment d indexed under node n and Ts is the
term vector which represents the subconcept s
of node n. Note that a term vector is calcu-
lated for each indexed document under a con-
cept. The term vectors for the indexed doc-
uments are added to get a single term vector
which represents the average. This term vec-
tor is added to the term vectors for the sub-
concepts to calculate the final average for the
concept.

3.1 Spidering Agent

The agent starts with a given URL (i.e.
http://dir.yahoo.com). Then it identifies the
links for concepts, which are referred to as
categories in Yahoo, and spiders each concept
(category) while keeping track of subconcepts.
Yahoo has a section called Site Listings under
specific concepts. If the agent identifies a Site
Listings section under a concept, this set of
documents becomes the collection for that spe-
cific category. In other words, these documents
make up the collection of indexed documents
for a given node in the concept hierarchy. A
maximum depth level can be provided for the

Figure 4: Concept Hierarchy Application work
flow

spidering agent if the intent is to represent only
a portion of the Yahoo hierarchy.

As the agent is performing the spidering
task, the information that is collected is added
to a SQL Server database. A parent-child rela-
tionship is maintained by using document IDs
in the table in order to keep track of subcon-
cepts and documents that belong to a specific
concept. The title and the content of docu-
ments are extracted from the HTML.

3.2 Concept Hierarchy Application

The work flow for the Concept Hierarchy Ap-
plication can be seen in Figure 4. The first step
we can perform in this application is to popu-
late terms from each document into a table in
our database. The entire content of the docu-
ment is used to extract the words. A stop list is
used to remove high frequency words from the
content. Porter stemming [13] is utilized to re-
duce words to their stems. The next step is
to calculate the term weights. For computing
term weights extracted from content, a stan-
dard function of the term frequency and inverse
document frequency (tf.idf) is employed [15;
8].

Once the term weights are calculated, an
XML document is created. This XML docu-



ment represents the entire concept hierarchy.
It contains each node in the hierarchy, the
documents that are indexed under each node,
and the terms that belong to these documents
along with the term weights. Since the entire
concept hierarchy is represented in the XML
document, we no longer have any dependen-
cies on the SQL database. The XML docu-
ment acts as an in memory database. This
significantly improves performance for data re-
trieval. In addition, the XML document allows
us to store the information in a hierarchical for-
mat.

The final step is to compute the term vectors
for the aggregate representation of the concept
hierarchy. A term vector is calculated for each
indexed document under a concept. The term
vectors for the documents are added to get a
single term vector which represents the aver-
age. This term vector is added to the term
vectors for the subconcepts to calculate the fi-
nal average for the concept.

Once all the computations are completed,
the aggregate form of the concept hierarchy is
stored as a serialized object. Serialization fa-
cilitates the persistence of an object by trans-
forming its data members into a single stream
of XML. Figure 5 displays the format of the
XML document for the aggregate representa-
tion of the concept hierarchy. Only a few sam-
ple terms have been included in the figure.
Essentially, this XML file is the only external
source our system accesses to retrieve the con-
cept hierarchy information. This allows us to
conveniently switch to different concept hierar-
chies when needed. Switching to a new concept
hierarchy is a matter of replacing the XML file
which contains the serialized concept hierarchy.

4 Online Component

The online component handles query enhance-
ment. ARCH is a Web-based application. To
initiate the query generation process, the user
enters a keyword query. Based on the user’s
interaction with the system, the system re-
sponds by either displaying an appropriate por-
tion of the hierarchy or the entire concept hier-

Figure 5: The aggregate representation of the con-
cept hierarchy in XML format

archy. The user interface is displayed in Figure
6. If the user enters a list of keywords in the
search box and clicks on the arrow, the system
matches the term vectors representing each
node in the hierarchy with the list of keywords
typed by the user. Those nodes which exceed a
similarity threshold are displayed to the user,
along with other adjacent nodes. Once the rel-
evant portions of the hierarchy are displayed,
the user interface allows the user to select those
categories which are relevant to the intended
query and to deselect those categories which
are not relevant.

4.1 Enhanced Query Generation
Although other effective query expansion
methods such as multiplicative adaptive query
expansion [5] exist, in our system we employ
Rocchio’s method [14] for relevance feedback
for the generation of the enhanced query. The
pre-computed term vectors associated with
each node in the hierarchy are used to enhance
the original query. The formula for the refined
query is as follows:

Q2 = α.Q1 + β.
∑

Tsel − γ.
∑

Tdesel

In the above formula, Tsel is a term vector for
one of the nodes selected by the user. On the
other hand, Tdesel is a term vector for one of



Figure 6: Concept Hierarchy User Interface

the nodes which is deselected by the user. The
factors α, β, and γ are respectively the rela-
tive weight associated with the original query,
the relative weight associated with the selected
concepts, and the relative weight associated
with the deselected concepts. The condition
for these tuning parameters is α + β + γ = 1.

The goal of the system is to retrieve more
valuable search results by using the enhanced
query rather than the original keyword query.

5 Experiments with ARCH

In order to evaluate our system, we compiled
a list of keyword queries. The first set of key-
word queries contained only one term such as
python, hardware, and bat. The second set of
queries contained two terms such as python
snake, computer hardware, and bat mammal.
We collected a number of signal documents and
a number of noise documents to construct our
document collection for testing the system. For
example, if the intent for the search is to find
documents about a python snake, the signal
documents would contain the snake sense of
the word python, while noise documents would
contain the programming language or enter-
tainment senses of python.

We created an index for the signal and noise
documents. A term frequency and inverse doc-

ument frequency (tf.idf) weight was computed
for each term in the document collection using
the global list of terms. Note that the global
term list was created using the documents that
were indexed under the various nodes in the
concept hierarchy.

We had the system perform a simple query
search and an enhanced query search for each
of our keyword queries. In the case of sim-
ple query search, a term vector was built us-
ing the original keyword(s) in the query text.
In the case of enhanced query search, we used
the query that was generated by ARCH. The
search results were retrieved from the signal
and noise document collection by using a co-
sine similarity measure for matching.

As an example, consider the scenario in
which the user starts with a single keyword
query python, using the Yahoo hierarchy. The
system will respond to the user’s query by dis-
playing the relevant portions of the hierarchy
including the parents, children, and siblings of
the nodes corresponding to the initial keyword
query. The user can now interact with the con-
cept hierarchy by selecting and/or deselecting
various nodes.

In this case, the user’s ambiguous keyword
causes the system to display several different
portions of the hierarchy. Let’s assume the
user is interested in finding information about
python as a snake. Therefore, the user selects
the concept Pythons under Reptiles and Am-
phibians in the hierarchy. Figure 7 displays
the portions of the Yahoo hierarchy that cor-
responds to this scenario. In this case, the user
is definitely not interested in gathering infor-
mation about programming languages. There-
fore, the user deselects the node Programming
and Development.

The term vector which represents the Pro-
gramming and Development node is an average
of the term vectors for the documents that are
indexed under this node and the term vector
representing the node Languages, which is a
subconcept of Programming and Development.
Similarly, the term vector, which represents the
node Languages is computed from a combina-
tion of the documents indexed under this node



Figure 7: Portions of the Yahoo hierarchy corre-
sponding to the query python. The user has se-
lected the node Pythons and deselected the nodes
Programming and Development and Monty Python

Figure 8: Enhanced Query for the keyword python
based on the selected and deselected nodes in the
hierarchy

as well as the term vector representing its sub-
concept Python. The user is also not interested
in finding out about the comedy group Monty
Python, thus deselects Monty Python.

Using the selected and deselected nodes,
the system generates an enhanced query using
the relevance feedback formula which was de-
scribed before. The partial term vector for the
enhanced query for this scenario is displayed in
Figure 8. Based on the user’s interaction with
the concept hierarchy, the enhanced query that
is generated accurately represents the user’s in-
tent for the initial query.

In order to compare the simple query search
results with the enhanced query search results,
we created precision and recall graphs for each
of our keyword queries. As displayed in Fig-

Enhanced ARCH Query vs. Simple Query Search
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Figure 9: Average Precision for Enhanced Query
versus Simple Query Search using two keywords
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Figure 10: Average Recall for Enhanced Query
versus Simple Query Search using two keywords

ure 9, we have seen significant improvement
in precision when using the enhanced query
for searching. As we can see in Figure 10,
recall has also improved. More information
on our evaluation results is available online at
http://www.ahusieg.com/arch.

6 Conclusions and Outlook

We have presented the implementation of
query enhancement in ARCH based on the
user’s interaction with a concept hierarchy.
Preliminary experiments have shown that the
system significantly improves the effectiveness
of the search query. We see two types of
improvement in the search results using the
enhanced query. From the user’s perspec-
tive, precision is improved since ambiguous
query terms are disambiguated by the en-
hanced query. In addition, we have better re-
call in the search results since additional query
terms retrieve documents that would not be



retrieved by using only the original keyword
query.

Our future work will involve integrating the
system with a specific search engine of the
World Wide Web such as Google or AltaVista.
This will require the translation of the en-
hanced query that is generated by ARCH into
a Boolean query which can be submitted to
the search engine. We are also planning on ex-
panding the idea of query generation based on
concept hierarchies to query generation based
on ontologies. This will allow the system to
take advantage of other semantic relationships
in a domain-specific ontology in addition to the
hierarchical relationship in the concept hierar-
chy.
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