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Abstract 

 
The evolution of the Internet and the number of users requires the development of 
systems increasingly sophisticated and powerful enough to monitor and track this 
growth. This development calls for the establishment of specialized Information 
Retrieval Systems (IRS), fast and efficient to meet a very definite need. In 
response, these systems should be able to carry out several steps, such as 
enrichment or reformulation of the user query entered in the search box along 
with other tasks. Enrichment can be enhanced by adding terms to the initial query 
in order to find the right document. 
This paper falls within the framework of query enrichment. The main purpose of 
the study is the enrichment of the user query by using the ODP resource and a set 
of predefined concepts. The proposed approach will be included in the IRS of a 
meta-search engine dedicated to the field of higher education.  
The ODP resource is organized in the form of ontology while the concepts 
defined are classified into two categories with each having subcategories. The 
ODP can detect the searched domain by the user. Application classes (AC), 
contained in the domain, specify the application domain. Utilization classes (UC) 
specify the exact use of AC. Each utilization class contains a set of patterns used 
in the first step for detecting the need of the user and thereafter for enrichment. 
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1.   Introduction 

 
Despite the existence of numerous indexing and query enrichment techniques, 

the issue of the relevance of the returned results is always raised. Noise and 
silence are two main defects that the user has to deal with while using Information 
Retrieval Systems. To our knowledge, to date there is no 100% effective method 
to entirely eliminate these flaws. Query enrichment remains one of the methods 
that have led to significant enhancement in IRS functionality. Thus, the quality of 
IRS is measured mainly in terms of relevance and noise present in the returned 
results. 

The returned result does not depend in any case on IRS. There are other factors 
that are involved. [1] have identified the problems that may arise in IRS. They 
have identified the following problems: 

- The nature of the most relevant documents is not entirely known 
- the query language is, if truth be told, unsuitable for the user 
- navigation problems [2] 
- cognitive overload 
- Disorientation 

According to the researchers, the lack of research on keywords is due to the fact 
of the inability of search engines to save search queries.  

The main purpose of this study is to boost relevance and reduce noise through 
the use of a new query enrichment approach applied to a well-defined domain, 
which is higher education. Our approach is primarily based on enrichment of a 
directory of ODP web pages and on application and utilization classes and related 
patterns.  

In this paper, we begin with a state of the art of the various techniques of query 
reformulation. After that, we spell out our contribution. The next part will be 
devoted to the evaluation of our system. Finally, we draw the conclusion and 
perspectives.  

 

2. State of the art 
 
The establishment of a dedicated information search system in the field of 

higher education consists of two stages: understanding the user needs and feeding 
the need in order to retrieve returned results that are relevant. 

Relevance is now the most important and challenging concern in IRS because it 
depends on several elements including the approach taken by the system. In the 
literature, several authors have tackled this problem in several ways but so far the 
results are not satisfactory.  

There are two broad categories of approaches to consider: 
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The static approach is based on the principle of reinjection of the relevance 

(manual or automatic). It is important to select terms from the documents deemed 
relevant by the user and reinforce the importance of these terms in the new 
wording of the query [3]-[4]-[5]-[6]-[7]. Despite the advantages of these 
approaches, queries are processed in a linguistic manner which is inconsistent 
with the new semantic trend and its benefits. 

The semantic approach is based on semantic query processing to satisfy the 
needs of the user. Several methods in this category have emerged, namely: 

Approaches for ontology enrichment: This approach uses the concepts and their 
relationships to reformulate the user query [8]-[9]-[10]-[11]-[12]. These 
approaches have several advantages and put forward a great contribution in the 
search for information. However, they are limited to the areas they represent and 
therefore for each domain we must have a resource of knowledge representation. 
The second constraint is the scarcity of relationships between concepts because in 
reality there are several types of relationships that are not modeled in ontologies. 

Profile-based reformulation approach is based on the focus of the users and the 
information provided to build their profiles [13]-[14]-[15]-[16]-[17]. Despite the 
significant contribution of these approaches, the construction of the profile and 
the portability of its information remains an indispensable condition that is not 
always accepted by the users. 

Other approaches exist, but are less famous and still in their early stage of 
development, such as the case of enrichment based on definition sentences 
[18][19][21][22] . 

A query enrichment approach is able to reach its goals in a specific domain by 
using predefined patterns that are implemented [20]. Yet, the shortcoming of this 
kind of approach lies in its limited scope to a very specific domain. Furthermore, 
its generalization is always difficult. This study uses the concepts of this approach 
in combination with the ODP directory to semantically enrich queries in the field 
of higher education. 

 

3. Approach 
The main purpose of an information retrieval system is to satisfy the needs of 

the end user by retrieving the most relevant documents. This objective can only be 
achieved if the implemented strategies of reformulation and enrichment are 
effective. This trend is in the spotlight nowadays, but still very little has been 
done so far. 

To our knowledge, no approach of query reformulation dedicated to the field of 
higher education exists in the literature up to when this study is conducted. 

The Enrichment process proposed in this paper lies at the heart of reformulation 
approaches and allows the expansion of user queries based on a combination of 
concepts from the ODP directory and a set of patterns defined in our approach  
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called application classes and utilization classes along with markers defined for 
utilization classes. 

Using ODP as a resource allows through its hierarchical structure to detect the 
searched domain by the user. This domain corresponds to a path in the ODP 
directory. Our first objective is to detect in the ODP the path of the target 
searched domain by the user. Once the domain is defined, we proceed to the 
enrichment process through the use of a set of markers. 

This process consists of a set of steps comprising: detecting the researched 
domain using ODP, identifying the general needs through application classes, 
identifying the specific needs by using utilization classes and defining the need 
using patterns and the data obtained. 

Let us start by defining these elements: 
 Application class: it is an essential element of a domain. For example, the 

application classes for computer programming language include: 
variable, reading and writing, conditional structures, repetitive 
structures, arrays, functions and procedures, etc.  

 Utilization classes: It corresponds to a pattern defining an element in 
application classes. It is defined by a set of markers that allow its 
identification. As an example of utilization classes, we can cite: 
definitions, Objectives, declarations, assignments (use), syntax, 
templates, samples, etc. 

 A lexical-syntactic pattern: describes a regular expression formed by 
words belonging to grammatical or semantic categories, and symbols to 
identify text fragments corresponding to this format. In the particular 
case of looking for relationships, the pattern features a set of linguistic 
forms whose interpretation is relatively stable and corresponds to a 
semantic relationship between the terms [23]. 

Examples of patterns for the declaration class can be found in the following 
markers: declaration syntax, declare use statement, etc.  

Our method reduces the problem of reformulation in search of a set of words 
having the same semantics as the words of the original query. This approach is 
intended to provide all the words that would help in reformulation. However, the 
real gain of the approach is the retrieval of the most relevant documents to the 
user. 

Let a user need be expressed as a user query. How to detect this need? How to 
draw correspondence between this need and the defined classes and how to use 
these classes for enrichment? This paper is intended to answer these questions. In 
a general context, the application and utilization classes use predefined elements 
that help to initially detect the need of the user and are used for enrichment 
afterwards.  

• The research domain corresponds to the domain searched by the user which 
is explicitly or implicitly expressed.  
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• The general need corresponds to the use of application classes that are used 

to detect the general need corresponding to the searched domain.  
• The specific need corresponds to the use of utilization classes that are used 

to detect the components of the general need searched by the user.  
• To better define and understand the need of the user, we have recourse to 

utilization classes and the corresponding markers. Once the specific needs 
are detected, all utilization classes help us at this the level to define the 
need. 

• The use of markers helps identify the needs of the search in the appropriate 
domain. 

After detecting the general and specific needs (application and utilization 
classes), our approach enrichs the query with the application classes and markers 
linked to the utilization classes. 

The following diagram shows the general process of the approach: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. The approach 
process of enrichment by classes  

 

3.1. Preprocess the query 

The analysis of the user behavior enables the identification of a set of 
certainties, which have been proven through a meticulous study of the scientific 
papers published in this field. From a thorough look at these publications, it has 
been deduced that the user queries are often expressed by a set of words 
represented either separately or in the form of a sentence or question. The user 
usually expresses his needs with general words and others that are specific. 
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To understand this need, we have to follow several essential steps including the 

preprocessing stage. 
This step is essential before starting the process of defining the needs and 

enriching the query that constitute the main objectives of this study. On the one 
hand, the preprocessing step allows the removal of the words, called “empty 
words” that have no impact on the query. On the other hand, it prepares the query 
for the next step, which is the detection of the general needs. 

Q0 is therefore a request made by the user, in this step by using a dictionary of 
stopwords manually built on Q0 eliminates any word in the list of stop words from 
the dictionary. 

Let us Consider Q0 the user query. 
 

Q0 = {t1, ...., tn} (1) 
 

Where Tn is the n term of query preprocessing  
At the removal of empty words, the query results in a new query Q1: 

 
Q1 = {M1 .... Mn} (2) 

 
So the result is a set of words expressed by the user and which are candidates to 

designate and detect the general needs in the next step through the use of ODP. 

3.2. Detection of the searched domain 

In the previous step, we spelled out our approach of preprocessing the query so 
as to eliminate useless words that may cause noise and / or silence during the 
query enrichment process.  

This step consists of detecting the general need that has been explicitly or 
implicitly expressed by the user. Our detection method of the general need is 
based on the ODP directory (www.dmoz.org). 

In the literature, there are several domain ontologies designed to list the 
contents of web pages such as "Lycos ", "Magellan" and others. ODP is also 
designed for the same purpose but it is the largest and most comprehensive of web 
directories that is developed and maintained manually by a global community of 
volunteer web editors.  

It allows the organization of the Internet by deleting unnecessary and 
uninteresting elements and keeping the useful ones 
(http://www.dmoz.org/about.html). 

ODP is structured hierarchically and is available in several formats. To detect 
the searched domain in our study, the ODP directory is implemented vertically 
and horizontally node by node until it matches and finds the domain to which 
query belongs to. To do this, we start from the root or the parent nodes and look in 
the child nodes for those that correspond to the words of the query. If the result is  
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negative, we proceed to the next level and we repeat the same process. The 
process stops when the appropriate node is found. The detected node is taken with 
all its hierarchy, which is composed of the found node, along with all its parents 
and hierarchies. The pathway through the hierarchy represents the desired domain 
that the user wants to search in. 

The following algorithm illustrates the detailed mechanism of the ODP 
directory. 
 

 
 

Fig. 2. algorithm illustrates the detailed mechanism of the ODP directory 
 
 

This step results in identifying the searched domain of the user, represented in 
our approach by a circuit containing nodes of the ODP directory. The next step 
sketches out the approach of detecting the general need through the use of 
patterns.  

3.3. Detection of the general need 

Up to this point, we were able to identify the important terms contained in the 
query, which represent the semantic need of the user. Using ODP, we were able to 
determine the hierarchy nodes that lead to the desired searched domain.  

This step aims to detect the general needs expressed in the user query. To reach 
this goal, we make use of a set of application classes (EAC) and a set of 
utilization classes (EUC) for each domain. These classes, as defined earlier, 
correspond to patterns representing the sub-domains of the field of higher 
education for application classes and utilization classes. The process of detecting 
the general needs consists of making a projection of the terms of the found path in 
the previous step (terms belonging to the searched domain) on the application 
class (AC) list of the domain. This projection allows us to identify the appropriate  
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application class (resource) to the target searched domain and which corresponds 
the most to the query Q1.  

Let us consider ECA the set of all application domain classes i 
 

ECAi = { CAi1 , CAi2 ...... CAin } (3) 
 
Where CAi is the application class in the domain i 
By querying the ECAi list in this stage, the general needs of the user query can 

be identified. The result of this step is the identification of the most appropriate 
application class to query Q1 and the searched domain that the query belongs to.  

The next step will be the detection of the specific needs of the user in order to 
properly draw the boundaries of the user needs.  

3.4. Detection of specific needs 

The user needs are not always well informed and are often implicitly expressed. 
So, the first step was to identify exactly the user need through query 
preprocessing and the detection of the general need. In this step, we complete the 
process by detecting the specific need. 

 Two scenarios are likely to take place in this stage: 
• Either the need is explicitly expressed by the user and therefore can be 
detected directly in the stage identifying the searched domain and the general 
need. 
• Or the need is implicitly expressed and therefore we make use of the 
identifying markers in the utilization classes.  

This step begins by querying all user classes (ECU) already identified. It is the 
same process employed before with application classes. The aim of this projection 
is to make a match between ECUij list and all the terms of the query Q1 in 
combination with the identified searched domain. 

Let us consider ECU the set of all utilization classes in the domain j that 
corresponds to the application classes CAi 

 
ECUij= {CUij1, CUij2, CUij3,…., CUijn} (4) 

 
Where CU is a utilization class. Each CU is defined by a list of markers 
 

CUij= {MQijk1,…., MQijkn} (5) 
 
MQijk  is the marker of the utilization class CUij 
 
In the case where the matching returns a CUij class, we deduce that this class 

CUij represents the real specific need of the query and therefore the result is 
positive. In this case, we stop the detection process of the user need and consider  
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that the found domain elements are successively the application and utilization 
classes. 

In the case where the matching returns a null result, we move to a second level 
of matching between words Q1 and all markers defined in the utilization classes. 
The result in this case is a marker used in the query. 

Starting from 5, it is considered that the CUij class is defined by a set of 
markers. We apply the same rule inversely in order to figure out the CUij class 
that contains the marker returned. In the latter case, the CUij class containing these 
markers is considered the specific need of the user. By the end of this step, we 
should have detected the searched domain, the general and the specific needs. The 
next step will be the exploitation of the identified needs in the enrichment of the 
query. 

 

3.5. Enrichment of the request 

 
In the previous steps, we could detect the searched domain and the general and 

specific needs of the user. 
 In rule (5) , we defined CUij class of a specific domain with a list of associated 

markers. From the specific need (utilization class) all markers associated with this 
class are extracted. These markers are used to enrich the final query. 

The objective of all the previous steps was to identify the searched domain and 
the user needs, both the general and the specific. 

The final query will consist of the searched domain, the detected general need 
(step 3) and all the markers extracted from the specific need (step 4). Therefore, 
the final query is  

 
Req = (Domain CAi MQijk1, Domain CAi MQijk2,…., Domain CAi MQijkn} (6) 
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Example: Summary table with example: declare a table in Java 
 

Name of the step Input Output Example of output Objective Method 

Step 1: 
Preprocessing the 
query 

User query 
list of words 
representing 
the query 

Declare Java table 

Filtering the 
words of the 
query so as to 
keep the 
relevant ones 

Use of 
predefined 
patterns in 
order to clean 
the query from 
empty words 

Step 2:  
Detection of the 
general needs 

list of words 
representing 
the query + 
the domain 
that 
corresponds 
to the query 

The path of 
the domain 
that 
corresponds 
to the query 

Computerscience/lan
guage/java 
 

Detecting the 
domain that 
corresponds 
to the query 

Use of ODP to 
detect the 
general needs 

Step 3:  
Detection of the 
specific needs 

list of words 
representing 
the query + 
Domain 

Application 
Classes (AC) 
that 
correspond to 
the domain 

table 

Detecting 
application 
classes that 
correspond to 
the domain 

Use of 
application 
classes to 
detect the 
specific needs 

Step 4:  
Defining the need 

list of words 
representing 
the query + 
Domain + 
AC 

Utilization 
Classes (UC) 
that 
correspond to 
the domain 
with a list of 
markers 

Déclaration 
Syntax of declaration, 
declare, use 

Detecting the 
utilization 
class that 
correspond to 
the query and 
the markers 
that 
correspond to 
this class 

Use of 
utilization 
classes and 
associated 
markers to 
define the 
need 

Step 5:  
Query enrichment  

list of words 
representing 
the query + 
Domain + 
AC + 
markers 

Query 
expended  

declare Java 
computer 
programming 
Language table   
 declaration syntax of 
Java computer 
programming 
Language  
use Java computer 
programming 
Language  
create Java computer 
programming 
Language table 

Proposition of 
query 
expansion 
taking into 
consideration 
the search 
domain by the 
user 

Enrich the 
query by using 
the returned 
results after 
that guide the 
user to the 
most 
appropriate 
query  

 

4. Evaluation 
The main goal of the system developed and implemented in this study is to 

enrich the user query in the field of higher education. The evaluation of this  
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system requires the use of a corpus or resource dedicated to the field of higher 
education. Due to the lack of such a tool for assessment, we have recourse to 
Google search engine as a platform for the evaluation of our system. The results 
are presented in the following graph: 

 
 

 
Fig. 3. Rate of pertinent responses with and without enrichment 

 
 

From the returned results, we note that the rate of relevant links is relatively 
close and there is an insignificant decrease in the first thirty links. Yet, a sharp 
decrease is perceived starting from the 40th link especially when no enrichment 
approached is implemented. With our approach, however, we notice some 
stability in the rate of relevant links especially in the last links which proves that 
our approach represents a significant contribution in the reformulation step of 
query processing.  

 

5. Conclusion and outlook 
 
The study presented in this paper falls within the scope of query expansion by 

using the enrichment approach of terms addition. This method is based on a 
hybrid technique of expansion. First, we have recourse to ODP web directory to 
detect the searched domain. Then, we make use of predefined patterns to enrich 
the detected domain. Our approach has proved to be a valuable contribution in the 
field of information retrieval systems, namely in the domain of higher education. 

The relevance of the approach was tested by comparing the results obtained 
using our approach with those obtained using Google straightforwardly without 
implementing any enrichment to the user query. 
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Although the results yielded are satisfactory, they remain limited to the field of 

higher education. Hence, a great improvement has to be made in order to take all 
domains into account. 

Several new doors for improvement are open such as the combination of the 
ODP and other resources, namely the user profile and the interaction with the user 
to identify the searched domain. 
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