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ABSTRACT 

Information Retrieval is a field of computer science that has seen a tremendous change in the past two decades.  
After the advent of World Wide Web, access to information became handy because of search engines.  An Information 
Retrieval system consists of the following components i) Query interface where the use poses the information need ii) 
Index file which is created by the indexing process  and the iii) Matching process which finds out the relevant documents 
from the available index file.  The performance of the Information Retrieval system always depends on the above three 
components.  So the improvement in one component can have a significant impact in the overall retrieval performance.  In 
many of the query expansion approaches that are proposed in the literature, the system automatically selects the terms 
which will be then, be added to the initial query, whereas the user has no control in the query expansion process.  Here we 
propose na interactive query expansion approach where the user gets the help from the system to select the terms that has 
to be added to the initial query.  Our experiments conducted in this regard has also revealed that all the terms generated by 
the system may not be relevant for expansion but however the user decides which terms to be added and which may not be 
considered.  In this experiment we intend to use a domain Ontology for interactive query expansion and we compare the 
performance of our system with the traditional one. 
 
Keywords: information retrieval, semantic web, ontology, retrieval process, query expansion. 
 
INTRODUCTION  

Information Retrieval is a field of computer 
science that has seen a tremendous change in the past two 
decades.  After the advent of World Wide Web, access to 
information became handy because of search engines.  An 
Information Retrieval system consists of the following 
components i) Query interface where the use poses the 
information need ii) Index file which is created by the 
indexing process  and the iii) Matching process which 
finds out the relevant documents from the available index 
file.  The performance of the Information Retrieval system 
always depends on the above three components.  So the 
improvement in one component can have a significant 
impact in the overall retrieval performance. In this context 
many studies have been done to analyze the way how 
query has been represented and handled, and it is been 
found that the way information need is presented has a 
significant impact in the retrieval performance. Hence 
Query expansion or query refinement or Query 
Improvement has become a vibrant field of Research in 
the domain IR. 

One of the important reason behind query 
expansion is the word mismatch which means that 
concepts or keywords of user queries are often different 
from the words of the resource documents although these 
words have similar meanings [1], another reason being the 
vagueness of natural language where synonyms, 
homographs and inflection of words can all fool 
algorithms which see search terms only as a sequence of 
characters [2].  Query Expansion generally thought of as a 
recall-based technique is aimed to automatically formulate 
a user query into one that is more amenable for 

Information retrieval [3].Earlier research in this area has 
already showed that query expansion had limited retrieval 
improvement on detailed or complete queries, but it 
demonstrated great potential for significantly improving 
results for brief and short queries [4]. 

In many of the query expansion approaches that 
are proposed in the literature, the system automatically 
selects the terms which will then, be added to the initial 
query, whereas the user has no control in the query 
expansion process.  Here we propose a interactive query 
expansion approach where the user gets the help from the 
system to select the terms that has to be added to the initial 
query.  Our experiments conducted in this regard has also 
revealed that all the terms generated by the system may 
not be relevant for expansion, but however the user 
decides which terms to be added and which may not be 
considered.  Since we intend to use Ontology for query 
expansion, we also have this notion that the user who 
gives the query is also familiar with the professional 
domain knowledge on which the query is based. Our 
experiment proves this point as well. Through human-
machine interaction, undesired terms will not be added to 
the query string [5].In interactive query expansion users 
are displayed a list of terms suggested by the system after 
entering the initial query.  Our approach is on the belief 
that not every suggested term is good for query 
refinement.  Through human-machine interaction, 
undesired terms will not be added to the query string. Our 
overall experimental aim is to study the use of ontology to 
support interactive information retrieval.  The specific 
objectives are to: 
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 Evaluate the retrieval effectiveness of ontology for 
selecting relevant documents in a retrieved document 
set. 

 Evaluate the retrieval effectiveness of ontology to 
assist users in selecting candidate terms for interactive 
query expansion. 

 Assess how ontology can bridge the gap between the 
query space and document space using interactive 
query expansion. 

We will be covering the Existing work in the next 
section then our experimental methodology and its 
detailed design and description.  Our experimental results 
and analysis will then be presented.  We will be 
concluding then with our overall findings. 
 
RELATED WORK 

Literature Query expansion are studied in 
different ways for instance query expansion methods are 
classified into Automatic Query Expansion (AQE) 
methods and Interactive Query Expansion Methods (IQE) 
[6] Earlier studies reveal that many of the automatic query 
expansion methods rely on the Relevance Feedback 
techniques [7] proposed by salton and Buckley, in which 
the terms featuring prominently in documents marked 
relevant by the user are automatically added to the query. 
Later Srinivasan came up with a Retrieval Feedback 
technique [8] that adds terms from the top relevant 
documents to the query.  This technique has shown 
considerable improvement in many retrieval tasks. Query 
logs were used as a means of query expansion by Hangs et 
al [9].  Later Huang et al [10] proposed a query expansion 
algorithm of pseudo relevance feedback based on matrix-
weighted association rule mining.  

However in the year 2001 Aronson [11] proved 
that query refinement that is based on ontology is much 
more efficient than the other methods that were available. 
Using ontology for query expansion goes back to 1994 
where Voorhees [12] attempted using the Domain 
independent ontology WordNet for query expansion. Since 
then there has been some works done in this area.  The 
word sense information and the ontology was used for 
query expansion by Navigli and Velardi[13].  They 
succeeded in using ontology to extract the semantic 
domain of a word and then the query is expanded further 
using co-occurring words. Further Query refinement 
techniques based on domain and geographical ontology 
was studied by Fu,G et al [14].  The Domain ontology was 
modeled after tourism which consists of some non-spatial 
terms such as “near” whereas the geographical ontology 
consists of some spatial terms such as place names.  A  
domain specific ontology based on Stockholm University 
Information systems(SUiS) was developed by Nilsson et 
al[15]. 

But many of these methods are Automatic query 
expansion methods, but we focus on a Interactive query 
expansion method where after the user gives the query, 
Initially the relevant terms from the Domain independent 
ontology WordNet is displayed to the user, and the option 
is given to the user to select more terms which he thinks is 

more relevant, once the refinement is done then the 
Refined query is passed to the Domain dependent 
ontology say in our case the plants ontology that we have 
developed, the IR system then lists the different options 
that is available from the Ontology and user picks up the 
terms that he considers as relevant. After concatenating the 
terms both from the Domain Independent ontology and the 
Domain dependent ontology, the refined query is then 
passed on to the search API to search the web. Our 
experiment reveals that this optimized representation of 
the user information need will result in retrieving more 
relevant results than giving the queries directly. 
  
EXPERIMENT METHODOLOGY 
 
Framework of our Proposed System 

The framework of our Interactive Information 
Retrieval system is given below.  It consists of two 
important modules i) Query Recommendation module and 
ii) Query modification module.  They both are responsible 
for the Query refinement process that forms the core 
process of this system. Given an initial query, we first pass 
the query to the Query Recommendation module which 
will recommend some relevant terms from the Query 
independent ontology to the user.  After the user, selects 
the terms which are more preferable for refinement, the 
system will refine the query accordingly. 
 

 
 

Figure-1. Framework of interactive information retrieval 
system. 

 
Query Refinement 

Query Refinement forms the core process of this 
System.  It consists of Query Recommendation module 
and the Query Modification module.  The following figure 
depicts the Query Refinement process. 

As shown in the following figure, initial query is 
passed to the Domain Independent ontology in our case, 
we use wordnet. For eg suppose the user wants to know 
about “Palm Plants” and he gives the word in the user 
Interface, this initial query is passed to the Wordnet and  
all the relevant terms are shown to the user such as “Palm 
”, Thenar”, “Palm tree”,”decoration”,”laurel wealth”, 
“medal”, “medallion”, “ribbon”, “handle”, “tree”, “tree 
diagram”, “Sir Herbert Beerbohm Tree”, “comer”, 



                        VOL. 11, NO. 2, JANUARY 2016                                                                                                                      ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
1108

“Shoetree”.  Among the above terms that is displayed , 
user makes a decision to select some terms, based on the 
interaction the terms that are selected are also added to the 
query now, suppose the user has selected the word “palm 
plants”, then the refined query becomes as “Palm plants or 
palm trees”.In our proposed framework the refined query 
is now passed to the domain specific ontology that is 
developed as part of this work, i.e the plants ontology, it 
displays two more options from the developed ontology 
say “Edible palms” and “palmstubs”. Suppose the user 
after interaction with the system decides to select “Edible 
palms”, then the refined new query will be “palm plants or 
palm trees or Edible palms”. Instead of the search API 
processing the query as “Palm plants” the Search API will 
now process the query as “Palm plants or palm tress or 
Edible plants”. 
 

 
 

Figure-2. Query refinement process. 
 

The greatest advantage about this approach is that 
the user has all the liberty to pick the terms that will be 
added to the query.  Though it may little time before the 
query results be obtained, it is worth because the user 
information need well represented is better than the user 
information need that lacks the essential terms. 
 
ONTOLOGY CONSTRUCTION 

Ontology is defined as a formal, explicit 
specification of a shared conceptualization [16]. After the 
advent of semantic web, ontology has gained momentum 
and popularity among the research community.  
Ontologies may well capture domain knowledge if the 
ontology engineers have a solid understanding of the 
domain, because the quality of domain ontologies relies 
heavily on a correct representation of the domain 
knowledge, either by way of manual construction or by 
some automated tools [3].  The process of ontology 
construction and the steps involved in it are explained 
below. 
 
Deciding the Scope of the Ontology 

This phase helps to understand the usage of the 
ontology and the purpose behind creating it. Before 
creating the ontology the purpose should be clear and 

concise.  In our experiment we use ontology to provide 
more relevant terms to refine the query that is coined by 
the user.  The relevant terms are displayed to the user and 
he selects the terms that he thinks will give more relevant 
results.  
 
Information Collection for Domain Ontology 

There are two types of ontology domain 
independent ontology and Domain specific ontology.  We 
have built a domain specific ontology which contains 
information about Domesticated Plants.  The information 
was collected from domain experts, books on 
domesticated plants and some relevant websites. This 
phase is a precondition for building the domain specific 
ontology. 
 
Class Definition 

Currently there are three class design methods. A 
top-down development process which starts with the 
classification of the most general concepts in the domain 
and consequent specialization of the concepts, a bottom-up 
development process starts with the classification of the 
most specific classes, and grouping of these classes into 
more general concepts and a combination development 
process is a blend of the top-down and bottom-up 
approaches.[16] In this paper, a top-down approach was 
applied to construct plants ontology. 
 
Defining the Attributes  

The classes alone will not provide enough 
information to answer the competency questions. Once we 
have defined some of the classes, we must describe the 
internal structure of concepts.[16]. Initially, it is important 
to get a comprehensive list of terms between concepts they 
represent, relations among the terms, or any property that 
the concepts may have. These terms contain object 
properties and data type properties. All the sub-classes 
inherit the properties of the classes. 
 
Instance Creation 

The final phase is to create individual instances of 
the class. Defining an individual instance of a class 
requires 1) choosing a class, 2) creating an individual 
instance of that class, and 3) filling in the slot values. [16] 
 
EXPERIMENTAL EVALUATION 

Normally in our web search, many users pay 
attention only for the first few results.  Therefore in this 
study we consider the top n results that are retrieved, and 
we checked them manually for relevance. We use 
precision to evaluate the performance of this system and n 
is set to 100. 
 Precision = Relevant documents in the top 100 
retrieved 

   100 
First we compared the performance of the system where 
user query is directly taken for processing without user 
interaction and the other one where the user query is 
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refined using the Query recommendation and Query 
modification module. 
 
EXPERIMENTAL RESULTS 

For our experimental evaluation, we selected 15 
random queries but domain specific queries with related to 
plants, and evaluated separately under two circumstances  
and the first 100 retrieved links were verified for 
relevance. The experiment was conducted during the time 
interval of 3 months starting from September 2014 to 
December 2014  
Case i. Queries directly given to the Search API. 
Caseii. Queries that went through User Interaction.  

The following table lists out the 15 different 
queries that were used for the experimental study.  These 
queries were randomly generated and were used to 
compare the performance of the system when it is 
traditionally executed and when the query is enhanced 
using interactive query expansion 
 
Table-1. Random queries used in the experimental study. 

 

 
 

The following figures give a pictorial 
representation of the difference between the traditional 
way of processing a query and enhancing query using 
Interactive Query Expansion. 
 

 
 

Figure-3. Search API vs after interactive query expansion. 
 

 
 

Figure-4. Precision of search API vs after interactive 
query expansion. 

 
 

 
 

Figure-5. Average precision. 
 

CONCLUSIONS 
The calculations done in this experiment may 

vary according to the domain and time of execution. The 
figure mentioned above depicts the average precision 
value of the Traditional way of executing the query, 
refining the query using user interaction. The average 
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values of the result are shown above. From this we can 
infer that the higher value of average precision is for the 
system using query expansion based on User Interaction. 
This system offers a better performance related to the 
accuracy in retrieving the results than the generic search 
engines. The performance of the system also changes 
depending upon the options selected by every user. 
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