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ABSTRACT

The tremendous growth in the field of data science and the widespread usage of
information retrieval techniques has enabled users to retrieve accurate information. The
diverse data availability in various Knowledge Base (KB) formats introduces several
challenges to deliver concise and precise information corresponding to human queries.
This requires a user to be familiar with the structures of KB and use a formal query
language for the system to effectively understand the query. Question Answering (QA)
systems have been introduced to enable users to post questions in Natural Language
(NL) and infer specific answers instead of lists of documents. Such a system requires
the capability of both critical analysis on questions and inference on answers selection.
NL question analysis module is a fundamental step that impacts the QA system
performance. It aims to transform users’ NL questions into representations of a
structured format suitable to query across KBs. Literature showed, the major challenge
in NL question transformation is language ambiguity that may occur at a lexical-
semantic level. Moreover, various challenging questions require handling ambiguities
based on a certain condition such as seeking instructions or advice. Therefore, the
motivation of this study is to propose a Knowledge-based Sense Disambiguation (KSD)
method for resolving the problem of lexical ambiguity associated with NL questions.
This algorithm is designed by incorporating question’s metadata (date/GPS), context
knowledge, and domain ontology, into a shallow NL processor. It aims at enhancing the
accuracy of the word sense disambiguation process in questions analysis module to
effectively returns potential answers corresponding to questions posed in QA systems.
This work explores the use of the proposed KSD method to support pilgrims in
expressive queries to obtain accurate information via a mobile QA application.
Therefore, the validity of the proposed solution has been supported by two experiments
to evaluate the accuracy performance. First, in vitro experiment was carried out as a
standalone task to evaluate the KSD as a word sense disambiguation method in
comparison with the baselines WordNet Most Frequent Sense (MFS) and the simplified
version of the Lesk method on the same condition and test dataset. Second, in vivo
experiment was performed to evaluate the effectiveness of the KSD method in a QA
application in comparison to the MFS in the context of a pilgrimage domain. The results
obtained from both experiments have revealed the feasibility of the proposed solution
to effectively cope with lexical ambiguity in NL questions as well as to contribute to
QA system performance improvement.

“We don’t need more information. We need more meaning.” Paul Salopek
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CHAPTER ONE

INTRODUCTION

1.1 MOTIVATION

Information retrieval (IR) technology assists the process of retrieving and searching for
information. The overall approaches employed by IR uses keywords to obtain relevant
information from various heterogeneous resources (Y. Jiang, 2020), thereby offering a
constraint which holds a precise conceptualization of the user’ expression as well as the
meaning of their content. Upon searching, the user obtains a list of relevant documents
which might consists of the desired information. Nevertheless, users may look for a
certain answer, rather than a number of documents. Although IR techniques could be
highly successful and obtain relevant information, users encounter complicated
linguistic difficulties to obtain concise and precise information. Question Answering
(QA) 1s a Computer Science (CS) discipline that provides techniques to deal with this
issue by making it potential for users to express queries and infer concise and precise
answers in Natural Language (NL).

Literature (Dimitrakis, Sgontzos, & Tzitzikas, 2020; Ishwari et al., 2019) reveals
that the major challenge for a question answering (QA) system is the ambiguity of
language during the conversion process of a natural language question into structured
representation format. Mainly, this ambiguity results from two or more senses of the
same word which negatively impact the process of extracting accurate answer from a
knowledge base. Starting from this point, the key objective of this research is to

investigate the importance of word sense disambiguation to support the capabilities of



lexical ambiguity resolution in questions processing module. Therefore, this chapter
introduces a knowledge-based sense disambiguation method that can effectively resolve
the problem of lexical ambiguity associated with NL question posed in a QA system for

a domain of interest.

1.2 BACKGROUND OF THE STUDY

Tremendous growth in the field of information and communication technologies has
made available a huge amount of disparate information that is stored in the form of
textual documents and data. The technological evolution is transforming and extending
the principles of website architecture from documents (traditional database) to data
(semantic data representation). This revolutionary approach supports the creation of a
common framework that allows data to be used and shared across various application
areas in a meaningful linking data format. It also supports the process of automatic data
integration and knowledge management such as knowledge sharing and knowledge
extraction. Semantic technology uses ontology as a knowledge representation where
data are described and stored in the form of rich vocabulary and expressive properties
and object relations of domain in machine readable format. Data may contain
appropriate information that offers valuable knowledge to users in a specific domain.
Therefore, the content description and query processing techniques are crucial to obtain
information resources and provide accurate results to users.

The emerging field of Information Retrieval (IR) technology supports the
process of finding and retrieving information. The IR process involves the information
retrieval based on keywords from different heterogeneous resources (Al-Harbi, Jusoh,

& Norwawi, 2017). Therefore, it has limitations in gaining precise results in content



meaning of user expression in the query. The user receives a list of relevant documents
upon request of the query and s/he may find the desired information within the list.
However, users may request accurate and comprehensive answers rather than a list of
documents. Although literature shows that IR techniques have demonstrated
tremendous success in retrieving relevant information, the users still face many complex
challenges for the extraction of desired information in natural languages. Therefore, QA
techniques are useful in dealing with this complexity, which allows users to express and
extract precise information and knowledge in natural languages (Ojokoh & Adebisi,
2019).

IR based on QA system involves the research and methods from NLP,
Information Extraction (IE), Automatic Summarisation, Knowledge and Database
Management. In QA applications, the user obtains a more concise and relevant answer
to the NL questions from the stored documents, while in IR applications, the user
searches by keywords as input and receives a relevant list of documents based on her/his
query. NLP supports a QA system with expression techniques to understand the
question and provide the appropriate response in a natural language format. Moreover,
NLP components are also used to analyse the questions returned by the IR system and
provide valuable meaning of the terms given in the question. On the other hand, IE
components utilise resources, such as entity tagging, template elements, template
relation, correlated elements and general elements to obtain the concise and relevant
information from the stored documents. Therefore, a QA system attracts many
researchers who are achieving significant enhancements in different domains such as

biomedicine, weather forecasting and tourism (Al-Harbi et al., 2017).



Table 1.1 Differences between QA and IR (Guda, Sanampudi, & Manikyamba, 2011)

Function Information Question Answering
Input Keywords NL questions
Output List of documents The phrases as well as terms including the

The basic architecture of a QA system consists of three major modules: question
processing module, a documents and passages processing module, and an answer
processing module, illustrated in Figure 1.1 (Ojokoh & Adebisi, 2019). The question
processing module is responsible for analysing the received questions, understanding
and identifying what is being asked. Analysing and classifying the questions is
performed on the basis of different methods which range from keyword extraction to
deep linguistic-based methods (Pundge, 2016). The syntactic and semantic aspects of
the questions are examined to understand the purpose of that particular questions. As a
result of the analysis, the extracted keywords are used by IR as the query term for
retrieving the candidate and relevant information in a document processing module.
This relevant information is further analysed in the passage processing task using
methods such as sentence splitting, part-of-speech (POS) tagging and parsing. Finally,
the answer processing module uses the result of the analysis to infer the precise answer

based on the question’s representation and ranking of candidate answers.

ocuments
& Passages
Processing

NLQ

~ ———»| NLQProcessing [—————»

_— Answer : :
- «+— Answer Processing €——

Figure 1.1 Basic Pipeline Architecture of QA System (Ojokoh & Adebisi, 2019)



A close look at the literature on QA systems, It shows clearly that QA systems
are classified on the basis of several factors such as domain dimension, question types
and the type of analysis done on question (Mishra & Jain, 2016a). In terms of domain,
most QA systems are classified into two types: a web-based question answering system
(open domain) and a restricted question answering systems (closed domain). This study
focuses on the restricted domain to meet its objectives. In this respect, literature shows
that most QA system classify NL questions into two types, namely, complex questions
and factoid questions. The simple facts are needed to answer a factoid question, while
summarising and grouping paragraphs are needed to answer a complex question. In the
present research, the focus is placed on questions which contain multiple words and
belong to WH-types of question while ignoring the degree of complexity. A thorough
literature review shows that the answers are extracted for the NL question from either a
structured, semi-structured or unstructured database of the QA system (Guo et al.,
2020). Question answering system dimensions is discussed in detail in Chapter 2.

The advance in QA application is challenging as it involves the complex
development of various methods in a question processing module. The fundamental part
of a QA system is known as the question processing module, whose quality of
processing greatly affect the overall performance of QA application. The literature
shows that there are several methods classified into two major types: statistical methods
(Quarteroni & Manandhar, 2009) and linguistic methods (Bhoir & Potey, 2014; Mishra
& Jain, 2016a). Some knowledge-based QA systems further rely on rule-based
mechanisms, besides the NLP techniques, in order to classify the question features.
Further details about the methods are provided in the literature review (Chapter 2). The
literature review clearly shows that the current methods used by a QA system still suffer

from numerous obstacles, such as ambiguity (Hoffner et al., 2017; Ojokoh & Adebisi,



2019). The deployment of statistical methods in a question processing module analyses
the frequency of word occurrence in documents but ignores many aspects including
words order and lexical semantics of terms. In the present research, the focus is placed
on the question processing module that utilises the NLP method to correctly determine
the intended meaning of the posed question. NLP methods are classified into two major
types: deep NLP and shallow NLP processing. The deep NLP utilises the complex
parsing algorithms, such as top-down parser, which can deeply analyse the whole
structure of the sentence resulting in low coverage and more time consumption (M. C.
Yang, Lee, Park, & Rim, 2015). On the other hand, the shallow processing generates a
partial internal structure which is sufficient enough to answer a NL question with faster
processing and high coverage (Al-Harbi et al., 2017). The detailed review of both
methods is presented in Chapter 2.

The question processing module is used as part of a natural language interface
of a QA system prototype in the current research. Literature clearly showed that the
major challenge faced by NLP based question processor is the usage of a natural
language which is full of ambiguity (Corréa, Lopes, & Amancio, 2018; Hoffner et al.,
2017). This ambiguity in NL question leads to an irrelevant answer or no answer.
Ambiguity is defined as a barrier to human language understanding (Y. Wang, Wang,
& Fujita, 2020). The lexical ambiguity is used in the present research to handle more
than one interpretation for an individual word. For instance, if the term “chair” is used,
then it presents different lexical definitions, including “a seat for a person” and “the
officer who presides at the meeting of organizations.” Moreover, handling complex
ambiguities associated with NL questions may require metadata of the question
(date/GPS) which provides some semantic structure to particular question such as

seeking advice in a critical situation (Pillai, Veena, & Gupta, 2018; Y. Wang et al.,



2020). For instance, “what are the hajj pillars?” the sense of “pillars” in the context of
the above question refers to “a fundamental principle or practice” defined by WordNet
3.1. Whereas “pillars” in the following context “how should I reach the pillars?” refers
to “anything that approximates the shape of a column or tower” such as the stoning of
the devil pillars at Mina area, mainly because the question posed by a user at Mina
surrounding area during the Hajj season. Similarly, “date”, “bank”, “stone” as a target
words associated with seeking instruction NL questions, where the question’s metadata
(date/GPS) knowledge identifier may support the semantic capabilities processing to
determine the appropriate sense. This ambiguity challenges is widely encountered in
the literature but still require many efforts from research community to resolve
numerous problems of lexical ambiguity (Aouicha, Ali, & Taieb, 2016; Mennes & van
Gulik, 2020).

The term used for the resolution of lexical ambiguity is known as word sense
disambiguation (WSD) which improves the performance of the tasks that are sensitive
to lexical such as QA. This WSD is an intermediate task which does not end in itself
but rather requires the processing at each level to complete the NLP task. The details of
WSD methods are thoroughly discussed in Chapter 2.

This study mainly focuses on the resolution of the lexical ambiguity associated
with NL questions by introducing a knowledge-based sense disambiguation method that
comprises a dictionary-based and an Al-based method. Moreover, this KSD method
also integrates the context knowledge and specific domain ontology into a shallow NLP.
WordNet 3.1 provides the context knowledge based on surrounding entities in the
question, while lexicon knowledge is formalized in ontology. The shallow NLP-based

processor includes syntactic and semantic processing. This proposed method is used in



the current study for the evaluation of the QA system prototype developed for the

pilgrimage domain.

1.3 STATEMENT OF THE PROBLEM

The emerging field of data extraction using intelligent methods for solving the problem
of lexical ambiguity is showing quite promising results. However, Natural Language
Processing (NLP) is still facing several challenges to determine the precise meaning of
various ambiguities. Besides, the extraction of accurate information from a knowledge
base (KB) remains challenging in question answering (QA) systems. The main reason
behind their failure is the incapability to deal effectively with semantic issues in the
natural language (NL) question processing module (Dimitrakis et al., 2020; Jabalameli,
Nematbakhsh, & Zaeri, 2020; Y. Jiang, 2020; Rodrigo & Pefias, 2017).

Most QA systems transfer the user’ NL questions into formal representations or
structured queries. One of the essential challenges in this process of conversion is the
difference between the phrases posed by users and the vocabulary deployed in KBs
which could have more than one meaning (Mennes & van Gulik, 2020). Determining
the accurate semantic representation of the question keywords is a significant task
which impacts further processing modules such as document processing and answer
extraction.

A close look at the relevant literature reveals that many scholars (Navigli, 2018;
Raganato, Camacho-collados, & Navigli, 2017) report positive outcomes to a lexical
solution on the topic of word sense disambiguation (WSD). In addition, several studies
(Jabalameli et al., 2020; Mohammed, Shi, & Lin, 2018) have appraised this issue in the

context of QA, but only a few have examined the role of WSD in returning potential



answers. Moreover, challenging questions may require handling ambiguities based on
certain conditions, such as seeking instructions or advice in a critical situation (Pillai et
al., 2018; Y. Wang et al., 2020).

Literature has shown that a restricted domain such as a pilgrimage domain where
pilgrims are particularly reliant on information that is accessible on the internet. The
diverse data availability in various KB formats introduces several challenges to infer
concise accurate information corresponding to pilgrim questions. This requires a user
to be familiar with the structures of KB and use a formal query language for the system
to effectively understand the query (del Carmen Rodriguez-Hernandez, Ilarri, Trillo-
Lado, & Guerra, 2016; Jabalameli et al., 2020; White, Richardson, & Yih, 2015).
Hence, there is a need to develop an effective QA approach to bridge the gap between
pilgrim’s expressiveness and the formal representation of the KB to ensure the provision
of accurate answers.

The following are summery of the problem statement in points:

= The major challenge faced by question processing module is the usage of a
natural language that is full of ambiguity.

= The lexical semantic issue is mainly arising due to the difference between the
KB representation of the terms and the information expressed by the input
question which leads to irrelevant answers or no answer at all.

= Extracting the lexical semantic of a NL question presents challenges at syntactic
and semantic levels for most QA systems.

= The diverse data availability in various KB formats introduces several
challenges to infer concise accurate information corresponding to pilgrim

questions.



1.4 RESEARCH OBJECTIVES

The research aims to achieve the following objectives:

1. To model a knowledge-based sense disambiguation method that is capable
of determining the correct sense of the ambiguous words associated with
NL questions.

2. To evaluate the proposed method in terms of accuracy word sense
disambiguation performance.

3. To develop a model of a QA application prototype that determines the
intended meaning of NL questions expressed by pilgrims and gives
appropriate responses.

4. To evaluate the effectiveness of the proposed solution in a QA application

based on accuracy performance.

1.5 RESEARCH QUESTIONS

To accomplish the objectives of this study, there are four research questions:

1. What is the most suitable method that can be used to resolve the problem of
lexical ambiguity associated with NL questions?

2. What is the performance of the proposed method for word sense
disambiguation in terms of accuracy?

3. How can the proposed method be developed into a QA application
prototype for a pilgrimage domain?

4. What is the accuracy performance of the proposed approach in a QA

application?
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1.6 RESEARCH SCOPE

This research aims to resolve the problem of ambiguity limited to lexical type that arises
in NL questions for restricted domain. The proposed approach is applied to a pilgrimage
QA application in the English language only. Users are enabled to pose query in the
form of WH-questions only through their android smartphones’ natural language user
interface (UI). In this research the answers are structured in a repository based on the
semantic of the questions. The research is limited to the use of WordNet and domain
ontology as resources of context and lexicon knowledge bases which may lead to low
word sense disambiguation performance due to the limited definition and relations

coverage.

1.7 SIGNIFICANCE OF THE RESEARCH

The challenges in handling lexical ambiguity have become increasingly important in
the NLP community and related fields (Bevilacqua, Pasini, Raganato, & Navigli, 2021;
Mennes & van Gulik, 2020). They may impact the performance of various related
technologies such as machine translation, information extraction and question
answering (Ben Abacha & Demner-Fushman, 2019; Y. Wang et al., 2020). This study
will examine the significance of handling lexical ambiguity arises in the user’s natural
language (NL) question to infer accurate response in QA systems. The major
contribution of this work lies in the formulation of a new knowledge-based sense
disambiguation (KSD) method that aims at resolving the problem of lexical ambiguity
occurs in NL question posed to a QA system. This algorithm is designed by

incorporating question's metadata, context and lexicon knowledge resources into a

11





