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ABSTRACT:
In this paper, we present a conceptual searching
framework based on ontology to help users in query
formation and make subject searching more effective
in Online Public Access Catalogue (OPAC). The study
proposes an ontology-based GUI through which users
can visualize subject headings and interact with the
GUI through a semantic-based process while
searching. This model represents the library of
Congress subject headings (LCSHs) in an ontological
form which exposes the hierarchy of the subject
headings as well as all stated relations among them.
It facilitates context-based searching by replacing the
keyword-based search and help users to formulate
their query in such a format that, it will be more
responsive for information retrieval. 
Keywords: OPAC, Subject searching, LCSH, ontology,
information retrieval, ontology-based semantic model

RESUMEN:
En este documento, presentamos un marco de
búsqueda conceptual basado en ontología para ayudar
a los usuarios en la formación de consultas y hacer
que la búsqueda de temas sea más efectiva en el
Catálogo de Acceso Público en Línea (OPAC). El
estudio propone una GUI basada en ontología a través
de la cual los usuarios pueden visualizar los títulos de
los sujetos e interactuar con la GUI a través de un
proceso semántico durante la búsqueda. Este modelo
representa la biblioteca de los encabezados de
materias del Congreso (LCSH) en una forma
ontológica que expone la jerarquía de los títulos de
las asignaturas, así como todas las relaciones
establecidas entre ellos. Facilita la búsqueda basada
en el contexto al reemplazar la búsqueda basada en
palabras clave y ayuda a los usuarios a formular su
consulta en un formato que responda mejor a la
recuperación de información. 
Palabras clave: OPAC, búsqueda de sujetos, LCSH,
ontología, recuperación de información, modelo
semántico basado en ontología

1. Introduction
Online Public Access Catalogue (OPAC) plays a vital role as an information retrieval tool in
libraries. It has passed through different stages of development starting from the first
generation featured OPAC to today’s social OPAC (SOPAC) since its inception. But still, it is

file:///Archivos/espacios2017/index.html
file:///Archivos/espacios2017/a18v39n44/18394415.html#
file:///Archivos/espacios2017/a18v39n44/18394415.html#
file:///Archivos/espacios2017/a18v39n44/18394415.html#
https://www.linkedin.com/company/revista-espacios


being criticised on the ground of difficulty to use (Borgman,1996, Zumer,2007). Past studies
have revealed that subject searching is the most problematic area in case of Online Public
Access Catalogue (OPAC) searching. During last twenty-five years although various
approaches have been proposed to improve the OPAC subject searching these are yet to be
implemented (Yu & Young, 2004). The main problem in current OPAC is the searching
interface design is inadequate for subject browsing (Mi & Weng 2008). The GUI of OPAC
system is incapable of aiding the searcher in choosing the right keywords for successful
results. Above all users could not utilize the advantages of the expressiveness of LCSH used
in OPAC. Hence, they are unable to frame queries which appropriately reflect their real
information needs (Schallier,2005).
The present OPACs work on a keyword-based retrieval system which produces results based
on exact matching leading to low recall and precision rate. This limitation of the keyword-
based search technique can improve by replacing it with ontology-based semantic searching.
The ontology-based searching can interpret the meaning of user’s query and the relations
among the concepts that document contains.  It helps to bridge the gap between users’
information needs and the terminology that is usually employed to describe and index
information assets within OPAC. In the above context, an ontology-based subject searching
framework proposed in this study for library OPAC system. The very objective of the
proposed model is to create a user-friendly OPAC system that has high retrieval performance
and can able to understand the query intent. Along with this, it will also help in query
expansion, searching and ranking of search results based on the developed ontology. This
framework will be viable because it understands the query intent through the semantically
extended design of the LCSH. It is expected to act as an improvement over the classical
keyword-based approaches for the library OPACs.

2. The current trend of subject searching in OPAC
Subject searching is one of the important searching options in the library OPAC system that
uses controlled vocabulary which is capable of providing a meaningful descriptor for subject
access. In the current MARC-based OPACs, subject searching is carried out by searchers
either using a controlled vocabulary (browsing) or keyword approach. In case of controlled
vocabularysearching, searcher put keywords and phrases that are closer to or express their
information needs. However, it only leads to a successful result when terminology of the
searcher matches the terminology of the underlying subject headings. In another way,
OPACs offer the searchers alphabetical lists of index terms or precoordinated headings to
initiate the search (figure-1). On the other hand, a keyword search approach which is also
known as "free-text searching’ looks for words that may appear in one or more fields of the
record (e.g., title, notes, series statement, subject headings) (figure-2). Keyword searches
with more than one words are automatically processed as Boolean ‘AND’ queries and access
documents which contain the specified word(s) anywhere in the record. It allows users to
specify the fields in which the searching is to be performed. Both the processes are based on
exact-matching technique and for successful results usually requires exact matching
between the query terms and subject headings (figure-3). This type of searching diminishes
the semantic expressiveness of the LCSHs. Also, LCSH is so designed that it does not work
well together with the Boolean searching provided by the current keyword-based OPACs
systems. The subject searching problems are described as follows.

Figure 1
An alphabetical lists of index terms or precoordinated headings to initiate the search
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Figure 2
Free-text searching looks for words that may appear in one or more fields of the record
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Figure 3
Exact-matching technique for successful results

3. Subject Searching Problems
There is a good number of studies on OPAC use and searching problems. These studies
revealed that subject searching is the most problematic area of online catalogues (O’Brien,
1994). Searchers are not very successful in matching their subject terms with the
catalogue’s controlled subject vocabulary(Markey,1984). Even, they do not understand the
structure of authorized subject headings and therefore have difficulty in identifying the
correct subject terms to complete a comprehensive subject search (Drabenstott et al., 1999,
Olson & Boll, 2001). The main reason behind ineffectiveness of subject searching may be
users' inability to match their terminology with the subject system's terminology. Users are
not familiar with the subject lists used in the catalogue such as LCSH (Library of Congress
Subject headings) searches contain spelling and typographical errors (Yee,1991). Apart from
this other subject searching problems faced by users while OPAC searching are i) one-third
of subject queries fail to produce results; ii) large retrievals (high recall) discourage users
from scanning the results and iii) users are discouraged by subject access and look for
alternative approaches (Drabenstott & Marjorie1996). M.S. Sridhar(2004)  identified
different subject searching problems are: i) too many failed searches or no records
retrieved; ii) retrieve unmanageably large number of records; iii) navigational frustrations;
iv) failure to match the system's subject vocabulary; v) inadequate / lack of cross-
references; vi) too many or too few bibliographic records linked to a subject heading; vii)
lack of user perseverance. Studies also found that the design of traditional subject browsing
OPAC interfaces is inadequate for subject browsing (Borgman, 1996, Papadakis et al., 2008).
Users often feel frustrated and dissatisfied with either too many results or none when they
use this type of search. Some users do not even know the existence of subject terms (Antell
& Huang 2008). Therefore, the subject search is the most difficult and least chosen search



method in OPAC (Guo & Huang, 2011). The present MARC-based OPACs are relying only on
the syntactic matching of words instead of considering its semantic meaning. Therefore, the
precision rate is low, and the false detecting rate is high. Another problem is, searching
becomes difficult when users do not know the appropriate searching terminologies. From the
above discussion, it is clear that there is a need for a user-friendly subject searching system
for OPAC. Thus, this paper presents an ontology-based searching framework for library OPAC
system to overcome these problems.  

4. Ontology-based IR
The main problem of keyword-based OPAC system is indexing of documents which occurs
according to words rather than meanings. It lacks knowledge representation and semantic
processing capabilities. Therefore, to improve searching and knowledge processing
capabilities of the present OPAC system, it is necessary to add semantic information. Hence,
an ontology-based searching framework is proposed here for this purpose. Ontology is a rich
and formal logic-based language that specify meaning and relation of the concepts. It
represents knowledge in a conceptual manner that can be distributed among various
applications (Vanjulavalli & Kovalan, 2012). In case of information retrieval, it understands
user’s requirement and maps it into information resources. It describes the information in
the semantic level and matches concepts by comparing the concepts in a logical structure.
Ontology provides a good concept hierarchy and logical reasoning support for information
retrieval (Vallet et al., 2005). An important aspect of the ontology-based retrieval system is
its approach to the use of conceptual representations of content instead of plain keywords.
In this proposed model, ontology is used to define relationships among the concepts of LCSH
and represent them in the form of class, sub-class hierarchical relationship. It is useful in
bridging of the gap that exists between the metadata provided by the indexer and the
concepts presented by a searcher (Bechhofer &Goble, 2001). It also helps in query
expansion and allows users to reformulate their query.

5. Proposed Searching framework
The proposed model is an ontology-based searching framework for library OPAC system. In
this model, subject headings are mapped into ontology for semantic retrieval and improve
subject discovery. It maps subject headings into an ontology-based class-subclass hierarchy
and displays multi-directional relationship among them (Murakami et al., 2015). Thus, users
can able to visualize, expand and reformulate their query. The ontology-based OPAC model
architecture given in (Figure-4), has the following components.

Figure 4
Ontology-based OPAC model



5.1. Ontology-based GUI module
According to the prototype model, the OPAC system consists of an interactive GUI with an
auto-suggestion search box. The users interact with the OPAC through the auto-suggestion
search box (figure-5) which helps to modify or expand their query by selecting alternate
terms that best match with their information needs. It also removes the problem of spelling
mistakes and provides relevant result quickly. Through this interface, a user will input a
query and the query request will be regulated using an underlying ontology. The ontology is
developed from a library of Congress subject heading(LCSH) in order to make subject
searching effective and easy. It also enables the user to visualize related subject heading
structure and allows him to choose appropriate heading by moving from one heading to
another heading through a semantic-based process.

Figure 5
Auto-suggestion box for query expansion



5.2. Ontology Construction
The key module of the prototype model is ontology construction. With the help of the
proposed ontology schema (figure-6), LCSHs used within the OPACs are mapped into the
ontology. The ontology allows conceptual representations of the contents and provides
enough information about the property and relationship that the concepts may have with
other terms. It defines classes, class hierarchy, and features of the ideas which collectively
develop a structure for semantic interpretation and retrieval. The expressiveness of
information within ontologies will help in providing more accurate results. Therefore, to
make subject searching more effective, this model develops an ontology from LCSH. The
ontology is composed of main topical headings and possible subdivisions along with
scope/context notes. It includes broader terms (BT) as superclasses, narrower terms (NT) as
subclasses and related terms (RT) excluded from it. USE/UF terms are accepted as semi-
synonyms or synonyms of established terms (Murakami et al., 2015). A class has many
super or subclasses as per the LCSH taxonomy. The hierarchical navigation through the class
hierarchy will assist users in query expansion and eventually direct them towards desired
information resources. Based on the schema an example is presented in (figure-7) where a
term ‘information Retrieval’ chosen from the LCSH and transformed into ontology. According
to the ontology schema, the broader terms (BT), narrower terms(NT), related terms (RT)
and USE/UF terms of ‘Information Retrieval’ are arranged and presented.

Figure 6
Ontology schema for LCSH
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Figure 7
Example based on the ontology schema

5.3. Query processing module
Query processing module is also known as semantic analysis module which carries out query
processing work by expanding user’s query semantically. Through the GUI user will input a
query and the query related concepts extracted from the built-in ontology with the help of
ontology-based matching algorithm (Dan & Hui-Lin, 2006). This process is more important
since the given query will pass through the parser and semantically analyzed words are
obtained. It exploits the ontology to understand the semantic relation of the query, which
means to identify the different relationship between the concepts in the ontology and the
user’s query. These words are then matched with the concepts contained in the ontology to
get a set of more related keywords. Thus, by the semantic expansion, this module will
generate a new search expression/words and allow users to reformulate their query. (Dan &
Hui-Lin, 2006, Ruban, 2014).



5.4. Semantic retrieval module
This module carries out indexing function and creates the ontological index. It proposes to
use Apache Lucene for indexing and retrieval tool (Fernández et al., 2011) to achieve high
performance and scalability. It extends traditional keyword-search with extracted and
inferred information using developed ontology. This module is also based on free-text
searching and helps in achieving semantic retrieval by implementing a custom ranking for
Lucene indices so that documents containing ontological information get higher rates.

5.5. Document Processing
This module is mainly responsible for the indexing of information resources of the library and
finally gets the semantic knowledge library. It is the process of knowledge acquisition by
transforming or mapping subject headings into ontology classes. It extracts subject headings
from the bibliographic database which are stored in metadata format, then encoded it and
stored them in a semantic metadata database.

5.6. Output/search results Module
In the ontology-based search framework, the ontology-aided index structure is the basis for
the retrieval of the semantic knowledge database. Based on the ontology data structure
users formulate their query, then the query is executed, matched documents are retrieved,
and output will be sent to the users. At first, the query terms are matched with the
metadata stored in the semantic database and retrieves a set of most relevant documents
(Fernández et al., 2011). Then the retrieved documents are pre-processed using the pre-
processing module, and the results are prioritized according to sorting algorithm and
provided to the users through the GUI (Papadakis et al., 2008).

6. Process
The prototype system has been developed to demonstrate the ontology-based search
framework. In this process, user input query through ontology-based GUI, then query was
processed with the help of developed ontology (LCSH data store structure). The query
interface is designed to match the hierarchical structure of the ontology datastore in the
form of classes/subclasses relationship. It represents keywords/sub-keywords in the user
query interface. In other words, the user’s query is semantically expanded with related
concepts on the basis of developed ontology (Papadakis et al., 2008). Then the semantically
enhanced query sent to users to review and after that the user selects particular
term/concept. Unless and until the user was satisfied with the provided options, the process
will be repeated till the user is not picking a specific query out of the expanded terms. After
that, the query is executed and searches for documents in the semantic knowledge library
(i.e., semantically indexed cluster of documents) to retrieve the relevant documents. Once
the query is processed, matched documents are retrieved, and output will be sent to the
users to review. If the desired result is not returned, the user repeats the query, and the
process continue until the desired result is obtained. The developed hierarchical structure
based LCSH ontology would function as a dynamic query interface to assist users in
formulating their query easily and quickly. This way the problem of query formulation of not
knowing the right keywords for searching can be solved. By this system, the searcher will no
more to search the database on the basis of keywords that were included in the index of the
database. Instead they can formulate their query based on the ontology of keyword that has
been identified. That means searcher’s own query determine how the search should be
conducted. Thus it will make the searching process and the model more efficient and
effective.

7. Conclusion
This study has introduced ontology-based navigation for library OPAC. As per the proposed



model, users can formulate their query with the help of interactive auto suggestion box and
search the library collections semantically. In case of OPAC searching, usually, users face
problem in query formation. They are unaware of the formal terminology or subject heading
that is used as index term (i.e., represent the content of the document). Hence, the
proposed interface assists the user to express his query efficiently with minimal effort. The
model describes LCSH in ontology form where concepts are linked together through implicit
and explicit relations (Papadakis et al., 2008). It expands user’s query by visualizing related
headings and allows to reformulate their query by choosing an option which represents their
need appropriately (Kiryakov et al.,2004). The ontology-based model makes retrieval
process fast and provides multi-dimensional navigation paths for searching by interlinking
meta-information contained in the subject heading ontology. The ontology-based searching
framework would replace the problems of current keyword-based OPAC systems by creating
an inverted index based on semantic entities (meanings) associated with the documents.
The keyword-based retrieval mainly relies upon exact matching using a statistical algorithm
instead of exposing the expressiveness of the LCSH-based strings to the end user. This
system can be easily integrated to any existing OPAC system. The study can be further
extended by enabling the system to include user defined tags (folksonomies) for the OPAC
subject searching. These tags after translated into ontology will offer a dynamic query
interface, that will help users to express their needs more specifically and appropriately.
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