
 
 

UNIVERSITI PUTRA MALAYSIA 

 
 

 

 
 
 
 
 
 
 

SYARILLA IRYANI BINTI AHMAD SAANY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FSKTM 2015 45 
 

QUESTION ANALYSIS MODEL USING USER MODELLING AND 
RELEVANCE FEEDBACK FOR QUESTION ANSWERING 



© C
OPYRIG

HT U
PM 

 
 

QUESTION ANALYSIS MODEL USING USER MODELLING AND 

RELEVANCE FEEDBACK FOR QUESTION ANSWERING 
 
 
 
 

By 

 

SYARILLA IRYANI BINTI AHMAD SAANY 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies,  
Universiti Putra Malaysia, in Fulfilment of the  

Requirements for the Degree of Doctor Philosophy 
 

December 2014  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, 
logos, icons, photographs and all other artwork, is copyright material of 
Universiti Putra Malaysia unless otherwise stated. Use may be made of 
any material contained within the thesis for non-commercial purposes from 
the copyright holder. Commercial use of material may only be made with 
the express, prior, written permission of Universiti Putra Malaysia.  
 
 
 
Copyright © Universiti Putra Malaysia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

DEDICATION 
 
 

To my family, parents, friends, 
FIK and UniSZA 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

i 
 
 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirements for the degree of Doctor of Philosophy. 

 

QUESTION ANALYSIS MODEL USING USER MODELING AND 
RELEVANCE FEEDBACK FOR QUESTION ANSWERING 

 

By 

 

SYARILLA IRYANI BINTI AHMAD SAANY 

 

 December 2014 

 

Chairman: Associate Professor Ali Mamat, PhD 

Faculty: Computer Science and Information Technology 

Accessing vast volume of information quickly and easily through the 
Internet has become a major challenge. One way to access information on 
the web is through a question answering (QA) mechanism. A Question 
Answering system aims to provide relevant answers to users’ (natural 
language) questions (queries) by consulting its knowledge base. Providing 
users with the most relevant answers to their questions is an issue. Many 
answers returned are not relevant to the questions and this issue is due to 
many factors. One such factor is the ambiguity yield during the semantic 
analysis of lexical extracted from the user’s question. The existing 
techniques did not consider some of the terms, called modifier terms, in 
the user’s question which are claimed to have a significant impact of 
returning correct answer.  

The objective of this research is to propose the question analysis model of 
the QA system that would correctly interpret all the modifier terms in the 
user’s question in order to yield correct answers. In question analysis 
model, a combination of user modelling (UM) and relevance feedback (RF) 
is used to increase the accuracy of the returned answer. On the one hand, 
UM helps the QA system to understand the user’s question, manage for 
question adjustment and increase robustness of the question. Additionally, 
RF provides an extended framework for QA system to avoid or remedy the 
ambiguity of the user’s question. The proposed model which utilizes Vector 
Space Model (VSM) is able to semantically interpret and correctly convert 
modifier terms into a quantifiable form. These modifier terms in user’s 
question may involve with evaluation, computation and/or comparison.  
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The proposed model is implemented in a prototype of QA system called 
QAUF (Question Answering system with User Modelling and Relevance 
Feedback). The Answer Retrieval Module of QAUF is adopted from 
FREyA QA system. The experiments are conducted by using the 
Raymond Mooney gold standard dataset of Geoquery and run on QAUF. 
The results are then compared with those of the previous existing QA 
systems, namely Aqualog and FREyA. The proposed model shows a 
relatively increased in the F-measure where QAUF is 94.7%, FREyA is 
92.4% and Aqualog is only 42%.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah. 

 

MODEL ANALISIS SOALAN MENGGUNAKAN PEMODELAN 
PENGGUNA DAN MAKLUMBALAS RELEVAN UNTUK MENJAWAB 

SOALAN 

 

Oleh 

 

SYARILLA IRYANI BINTI AHMAD SAANY 

 

 Disember 2014 

 

Pengerusi: Profesor Madya Ali Mamat, PhD 

Fakulti: Sains Komputer Dan Teknologi Maklumat 

Mengakses jumlah besar maklumat dengan cepat dan mudah melalui 
Internet telah menjadi satu cabaran yang besar. Salah satu cara untuk 
mengakses maklumat di web adalah melalui mekanisme Menjawab 
Soalan (QA). Sistem Menjawab Soalan bertujuan untuk memberi jawapan 
tepat untuk soalan pengguna berbahasa asli (pertanyaan) dengan merujuk 
pangkalan pengetahuan. Menyediakan jawapan yang paling tepat dengan 
soalan-soalan pengguna adalah merupakan satu isu. Kebanyakkan 
jawapan yang dikembalikan adalah tidak tepat dengan soalan-soalan dan 
isu ini adalah disebabkan oleh banyak faktor. Salah satu daripada faktor 
tersebut adalah wujudnya kekaburan semasa analisis semantik terhadap 
leksikal yang diekstrak daripada soalan pengguna. Teknik-teknik yang 
sedia ada tidak mengambilkira beberapa terma yang dirujuk sebagai terma 
pengubahsuai, yang terdapat di dalam soalan pengguna di mana terma ini 
mempunyai kesan yang ketara dalam proses mengembalikan jawapan 
yang betul. 

Objektif kajian ini adalah untuk mencadangkan satu model analisis soalan 
bagi sistem QA yang akan mentafsir dengan betul semua terma 
pengubahsuai didalam soalan pengguna bagi menghasilkan jawapan yang 
betul. Didalam model analisis soalan, gabungan pemodelan pengguna 
(UM) dan maklum balas relevan (RF) digunakan untuk meningkatkan 
ketepatan jawapan yang dikembalikan. Dalam pada itu, UM membantu 
sistem QA untuk memahami soalan pengguna, menguruskan pelarasan 
soalan dan meningkatkan kekukuhan soalan. Selain itu, RF menyediakan 
satu rangka kerja tambahan untuk sistem QA bagi mengelakkan atau 
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memulihkan kekaburan soalan pengguna. Model yang dicadangkan ini 
yang mana menggunakan model ruang vektor (VSM), mampu mentafsir 
dengan betul dan menukarkan terma pengubahsuai ke dalam bentuk yang 
boleh diukur. Terma pengubahsuai yang terdapat didalam soalan 
pengguna mungkin terlibat untuk penilaian, pengiraan dan/atau 
perbandingan. 

Model yang dicadangkan ini dilaksanakan didalam prototaip sistem QA 
yang dikenali sebagai QAUF (Sistem Menjawab Soalan dengan 
Pemodelan Pengguna dan Maklum balas Relevan). Modul Dapatan 
Jawapan bagi QAUF diambil daripada sistem QA FREyA. Eksperimen 
dijalankan dengan menggunakan set data piawai Geoquery daripada 
Raymond Mooney dan dilaksanakan pada QAUF. Hasil keputusan 
tersebut dibandingkan dengan sistem QA terdahulu yang sedia ada, iaitu 
Aqualog dan FREyA. Model yang dicadangkan menunjukkan keputusan 
yang agak meningkat dalam Pengukuran-F di mana QAUF adalah 94.7%, 
FREyA adalah 92.4% dan Aqualog hanya 42%. 
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CHAPTER 1 

 
 

INTRODUCTION 

 
1.1 Research Background 

The promising of World Wide Web (WWW) and the increase in web 
popularity has tremendously contributed to all levels of society. With the 
growing number of digital documents populating in cyberspace in these 
days, it is a challenging task to locate needed information based on the 
given user’s query. Rather than returning a list of potentially related 
documents users demand for systems that can help them to find relevant 
information easily and quickly. One of the systems is question answering 
(QA) system which aims to provide precise textual answers to specific 
natural language users’ questions by consulting its knowledge base 
(Burger, et al., 2001; Voorhees, 2001; Vargas-Vera et al., 2003). As 
opposed to information retrieval systems that return ranked lists of 
documents only.  
 
QA system attempts to answer a natural language question in an 
assortment of question types such as facts, lists, definition, how, why, 
hypothetical, semantically-constrained and cross-lingual questions 
(Burger, et al., 2001). Search collections may consist of small local 
document collections, internal organization documents, knowledge bases 
or pages in the World Wide Web. To successfully provide an answer to a 
natural language question, QA system uses combination techniques of 
information retrieval (IR), information extraction (IE), and natural language 
processing (NLP).  

QA system continues the research trend of natural language interface data 
base (NLIDB) which was introduced during sixties to seventies era 
(Androutsopoulos et al., 1995). NLIDB provides access to the databases in 
natural language. In recent years, QA system has received an extensive 
attention in research activities which has been largely driven by the TREC1 
(Text REtrieval Conference) QA Track (Voorhees, 2001). In TREC QA 
track, a lot of QA systems manage to understand questions in natural 
language and produce answers in the form of selected paragraphs 
extracted from very large collections of text. Generally QA systems are 
either focusing in the restricted (closed) or open domain. Restricted 
(closed) domain QA system deals with questions under a specific domain. 
This QA system only allows a limited type of questions. As in the question 
answering of clinical medicine, it utilized a specific domain semantic to 
understand a user’s question and document as well as to extract and 
generate answers (Demner-Fushman, 2006). In (Kangavari et. al., 2008), 
a QA system for weather forecasting domain uses syntax and semantic 
relation among words, dynamic pattern of english language grammar and 
previous asked question to find the exact answer.  

                                                           
1http://trec.nist.gov/ 
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Alternatively, open domain QA system takes questions about everything 
and usually will have much data available from to extract the answers. 
Open domain QA system potentially returns the answers to a broad range 
of questions since no restriction is imposed on the user’s special 
vocabulary or on the type of question (Cooper & Ruger, 2000; Agichtein et 
al., 2007; Saias & Quaresma, 2007; Dwivedi & Singh, 2013). This less or 
no restriction makes the processing tasks even more complex.  

Subsequently, recent researches have shown increased emphasis in the 
use of the ontology, which is known to promote semantic capability of a 
QA system. These ontology-based QA systems are also claimed to 
perform significantly better as compared to classical QA systems (Zajac, 
2001; Atzeni et al., 2004; Saias & Quaresma, 2007; Lopez et al., 2007b; 
Guo & Zhang, 2008; Damljanovic et al., 2010a; Iqbal et al., 2012). In 
general, ontology is used to provide and share domain knowledge which is 
also routed through for finding answers to the questions. For complex 
questions, ontology is used for reasoning. Ontology can be used to study 
the ontology “neighbourhood” of other terms in the question if a word is 
lexically different to the word used by the user (Lopez et al., 2007a). 
Instead of failing to provide an answer, ontology may assist in finding the 
value or semantic meaning of the term or relation that are looked for. 
Restricted (closed) domain ontology-based QA system exploits domain-
specific knowledge frequently formalized in ontology.  

Ontology-based QA system capitalizes ontology as the semantic model to 
deduce questions, retrieve and extract the target information from 
knowledge repositories. Ontology has the facilities in providing the 
semantic information based on its knowledge of a specific domain. Here, 
ontology assists in analysing user’s natural language question 
semantically (Saias & Quaresma, 2007; Lim, et al., 2009b; Damljanovic et 
al., 2010c; Iqbal et al., 2012). 

Since the emergence of ontology, research activities in QA systems are 
progressing towards solving research issues in handling complex 
questions2 such as comparative, evaluative, superlative and negation 
question types (Lopez et al., 2007b; Lim, et al., 2009a; Damljanovic et al., 
2010a; Iqbal et al., 2012). This is not an easy task to automatically capture 
the semantics lies in a complex question structure.  The semantic 
information contained in the user NL question may miss or lose during the 
question analysis process. As in Demner-Fushman (2006), complex 
questions are analysed and parsed to multi simple questions which later 
the existing techniques are used to answer them. Handling complex 
question may comprise inferences in terminology, analyses the properties 
or attributes involved before an answer can be drawn (Lim et al., 2009a). 
The semantic meaning of this question structure has to be thoroughly 
analysed, semantically interpreted and converted into an executable query 
                                                           
2 In the context of this research a question is considered to be simple if the answer is a piece 
of information that has been located and retrieved directly as it appears in the information 
source. On the other hand, a question is considered complex if its answer needs more on 
elaboration (Mollá-Aliod & Vicedo, 2010). 
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so that the potential answers can be obtained from the corpus or 
knowledge base (Lim et al., 2009). In Damljanovic et al., (2010a), the 
FREyA (Feedback Refinement and Extended Vocabulary Aggregation) QA 
system relies on the user feedback to disambiguate any ambiguity exists in 
the complex question.  

Apart from the brief discussion on the complex question type, an approach 
of user modelling is also examined.  User modelling (UM) is the process of 
gathering knowledge about a specific user in order to generate a 
personalized answer from the knowledge base accordingly to the specific 
requirements (Quarteroni & Manandhar, 2009; Quarteroni, 2010). UM 
involves the process of developing, retaining and maintaining the user 
profiles of the systems (Quarteroni, 2010). Once the users have been 
classified, the QA system will begin the inference process on the basis of 
that classification. UM has been widely applied in cross disciplinary 
research including human-computer interaction (Fischer, 2001), artificial 
intelligence (Fink & Kobsa, 2002), and philosophy (Fischer, 2001; Fink & 
Kobsa, 2002). Besides UM, relevance feedback (RF) is another 
mechanism used to improve the performance of QA system.  RF is used 
for rating the relevancy of answers with respect to the query (Burger et. al., 
2001; Fink & Kobsa, 2002). Based on the feedback given by users, the QA 
system will re-rank the answers and present the results again to the user. 
RF is useful to users who do not possess prior knowledge of the 
knowledge base (KB). RF is either applied after the system has produced 
the results (answers) based on the natural language question submitted by 
the user or is exploited to interpret the questions.  

 
1.2 Problem Statement  
 
Forming the right queries from a given question is crucial. These queries 
are responsible to get the right set of documents or information which 
contains potential answers. Since the advent of ontology, recent studies in 
QA systems have utilized ontology in the development of QA systems. 
This can be seen in the works of (Atzeni et al., 2004; Lopez et al., 2007b; 
Guo & Zhang, 2008; Damljanovic et al., 2010c; Chandra et al., 2011; Iqbal 
et al., 2012) and many more. During the early time, many QA systems 
used ontology as a mechanism to support query expansion (Lopez et al., 
2007b). Most of the former research efforts in QA and ontology-based QA 
were concentrated on finding the correct answer thus very much attention 
was paid to the question analysis and processing (Cunningham et. al., 
2002). Most research agrees that the question analysis and processing 
component is one of the core engines in the QA systems. From the 
analysis of the AquaLog QA system (Lopez et al., 2007b), some user 
questions such as “Which research areas bring in the most 
funding?”; “Who are the main researchers in the 

semantic web research area?”; “What are the new 

projects in KMi?” and “Who works on the same project as 
Enrico Motta?” failed to return correct answer that match with user’s 

intent question. Currently, the major focus in ontology-based QA research 
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is advancing towards complex question handlers such as in negation 
questions (Iqbal et al., 2012) or comparative and evaluative questions (Lim 
et al., 2009a; Damljanovic et al., 2010a). Processing the comparative 
question or the evaluative question involve comparison and evaluation of 
one or more criteria. It involves inferences in terminologies before the 
ontology-based QA system is able to return an answer. The inferencing 
process includes determining the properties or attributes required for 
evaluation; computing the associated values of entities or objects and 
comparing the entities or objects and their values depending on the 
evaluation of one or more criteria (Lim et al., 2009b).  
 
This means the semantics of comparative and evaluative questions have 
to be correctly interpreted and converted into a representation based on 
quantifiable criteria, before the answer could be retrieved from the 
knowledge base (KB). Ambiguity is one of the main concerns during the 
evaluation of semantic dimensions in both comparative and evaluative 
questions. Specific terms in the natural language question structure need 
to be disambiguated based on its syntax and semantic interpretation in 
order to generate an executable query. The executable query will manage 
to obtain answer from the corpus or the knowledge base based on the 
intent of user’s question. One of the terms in the user’s question structure 
is known as “modifier term”. Modifier term is any term that changes other 
term (Huddleston & Geoffrey, 2002).  As in the example of AquaLog’s user 
questions set given above, ‘most’, ‘main’, ‘new’ and ‘same as’ are modifier 
terms contained in the user NL questions.  
 
In natural language (NL) interface of the QA, the user’s question can be 
very specific or not quite yet clear either to the user himself or to the QA 
system. This scenario has become another main concern in ontology-
based QA. For an example, user may provide question with imprecise 
representations. This requires expansion, modification or adding 
information to the question specification. For example, to interpret a 
question of “How big is Alaska” will depend on either, the context of 

question (user’s intent) or the structure of the knowledge base. The word 
big may refer to the size of Alaska or big can also mean the population of 
Alaska. In this scenario, QA needs to have equipped with complex 
question handler on how to quantify and evaluate specific term (‘big’ is a 
specific term) contained in the user’s NL question.  
 
As mentioned above, the specific term here is known as modifier term. 
Handling modifier term correctly is important so that the answer drawn 
from the knowledge base (KB) will match with the user’s intent question. 
Among FREyA’s main objectives is to improve understanding of the 
question’s semantic meaning so that FREyA may provide a concise 
answer to the user’s question (Damljanovic et al., 2010c). Nevertheless, 
questions such as “Give me the number of rivers in 

California?” and “count the states which have elevations 

lower than what Alabama has?” have returned no answer and 
incorrect answer, respectively. Ambiguities of term’s semantic meaning 
has resulted the incorrect answers to be drawn from the KB. Accordingly, 
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the ontology-based QA system must be able to correctly interpret all the 
modifier terms in the user’s question so that the returned answer will be 
successful and accurate. The associated modifier term needs to be 
identified, interpreted and quantified.  
 
User modelling (UM) is performed to retain individual user information, 
experiences, common goals, and requirement behaviours. User modelling 
can characterize the user to certain style of question since users mostly 
have little knowledge on the contents and structures of the knowledge 
base. Through user modelling, the context of question may also be 
emphasized. In YourQA, it utilizes user modelling technique together with 
a web search engine to generate answers from a KB (Quateroni & 
Manandhar, 2009). Meanwhile, many researchers also consider 
Relevance Feedback (RF) technique in QA systems, and it is proven that 
RF can improve the answers ranking process and the performance of QA 
systems (Pizzato et al., 2006; Lopez et al., 2007b; Damljanovic et al., 
2010a). Despite their individual strengths and contribution in QA systems 
mentioned above, combination of UM and RF has not been manipulated in 
the area question analysis for ontology-based QA systems. To fill in this 
gap, this research proposes a new formulation strategy for analysing a 
complex question especially containing a specific term known as “modifier 
term”. This is as an effort to increase the accuracy of the returned answer 
to the user NL question by a QA system. Details on the modifier term will 
be discussed in the next chapters. The intention of this research is to have 
both the UM and RF approach which act as a formulation strategy in 
analysing, interpreting and converting user question into further-processed 
queries for QA system.  
 
The investigations of this research are embedded in the following research 
questions: 

i. How users’ needs and information seeking shall be understood 
from the user’s NL question?   

ii. How shall users’ needs that are expressed in a question be 
analysed, interpreted and processed?  

iii. How shall the user’s question be matched for the answers on the 
knowledge base? 
 
 

1.3 Research Objectives 

The main research objective is as follows: 
i. To design a new question analysis model for an ontology-based 

QA system that enables to return the answer to the user’s intent 
question.  

 
To achieve this objective, a sub-objective is set which is: 

a. To implement the new question analysis model for 
question answering system using user modelling and 
relevance feedback. 
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1.4 Scope of the Research 

The scope of this research focuses on the following aspects: 
i. The research is on question analysis module which will receive 

natural language (NL) question that contains modifier terms.  
ii. The proposed model is for question analysis module in ontology-

based QA system. The ontology-based QA system with proposed 
question model will return the answer by consulting the gold-
standard ontology and knowledge base (KB) taken from Raymond 
Mooney Dataset (MooneyData, 1994). A set of question used to 
query the KB is based on Mooney Dataset. The dataset contains 
607 annotated user questions with modifier terms from the total of 
880 user questions. The Geobase ontology and KB is on US 
geographical information. 

iii. The proposed model will be evaluated with selected existing 
ontology-based QA systems for the performance comparison 
purposes. 
 
 

1.5 Contribution of the Research 

The following are the main contributions of this research: 
i. Theoretical contributions: investigating and exploiting a theoretical 

framework for question analysis in ontology-based question 
answering system.  

ii. Empirical contributions: developing a formulation strategy for 
analysing NL user’s question that contains modifier terms. This 
type of question may denote a comparative and/or evaluative 
question. 

iii. Methodological contributions: proposing a model to formulate a 
strategy in analysing a NL question containing modifier term for 
question analysis in an ontology-based QA system. 

iv. Application contributions: The performance evaluation of the 
proposed model using the formal information retrieval metrics 
calculator which are precision, recall and F measure.   
 
 

1.6 Organization of the Thesis 

The thesis is organized in six chapters, including the introductory chapter 
which discusses the background of the research, problem statement, 
objectives, scope and contributions of the research. The remaining of the 
chapters is as follows:  

Chapter 2 discusses about Question Answering and outlines previous 
research on QA systems which start with a brief of Natural Language 
Interface Database (NLIDB) systems. It follows with discussion on general 
architecture of QA systems. Chapter 2 also investigates the 
methodological and theoretical of related methods and techniques in 
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question analysis for QA systems. Trends and direction of question 
analysis for QA system concludes this chapter by addressing the issues 
and shortcomings exist in the research area. 

Chapter 3 describes the research methodology process involves in this 
research. The chapter further discusses all the activities of the three 
phases.  The final part of the chapter summarizes the research 
methodology employed. 

Chapter 4 presents a new model of question analysis for the ontology-
based QA system. The chapter discusses the strategy and approach in 
analysing the natural language question containing modifier terms. The 
chapter concludes with a set of detailed processing algorithms and 
specifications. 

Chapter 5 discusses the experimental and result analysis of the 
implemented model. The experiments use the Raymond Mooney Gold 
Standard dataset of Geoquery dataset.  

Chapter 6 makes the concluding remarks about improving the proposed 
model of the research. Recommendations for future works are presented 
as guidelines for further research. 
 
 
1.7 Concluding Remarks 

Apparently, with vast volume of information accessible through the 
Internet, it has become a major challenge to access information quickly 
and easily. To provide users with the most relevant answers to his queries 
in less time and/or resources has turned into complex tasks.  Evidently, 
with the combination of highly availability of web document collections, 
improvements and advancements in information technology has prioritized 
the demand for better information access which can be exploited through 
Question Answering (QA) System. Ambiguity exists when interpreting, 
comparing and evaluating the semantic dimension of the specific term 
contains in the user’s question. This specific term is referred as modifier 
term. Disambiguation and correct analysis of the intent user’s question is 
critical. Many ontology-based QA systems return partially correct or 
irrelevant answer to these users’ NL questions. The purpose of this 
research is to formulate a general strategy in analysing the user NL 
question before it can be transformed into further-processed queries. 
These queries will consult the knowledge base (KB) in order to return the 
answer.  The correct returned answer has to match the user’s intent 
question without considering partial or incorrect answer. Therefore, there 
are several components that need to be thoroughly understood before a 
better performance QA system can be formulated. Here, a better 
performance QA means the system is able to return a correct answer 
based on user’s intent question. The first essential task is the 
understanding of the users’ needs and users’ information seeking 
behaviour. The second essential task is the analysing and processing of 
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the users’ needs expressed in a question (request). Lastly, the third task is 
providing a strategy for matching of the user’s question to data or 
information on the document collections or knowledge base. 
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