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ABSTRACT

Queries submitted to search engines are ambiguous in nature due to users’
irrelevant input which poses real challenges to web search engines both towards
understanding a query and giving results. A lot of irrelevant and ambiguous
information creates disappointment among users. Thus, this research proposes an
ambiguity evolvement process followed by an integrated use of spatial and temporal
features to alleviate the search results imprecision. To enhance the effectiveness of
web information retrieval the study develops an enhanced Adaptive Disambiguation
Approach for web search queries to overcome the problems caused by ambiguous
queries. A query classification method was used to filter search results to overcome
the imprecision. An algorithm was utilized for finding the similarity of the search
results based on spatial and temporal features. Users’ selection based on web results
facilitated recording of implicit feedback which was then utilized for web search
improvement. Performance evaluation was conducted on data sets GISQC_DS,
AMBIENT and MORESQUE comprising of ambiguous queries to certify the
effectiveness of the proposed approach in comparison to a well-known temporal
evaluation and two-box search methods. The implemented prototype is focused on
ambiguous queries to be classified by spatial or temporal features. Spatial queries
focus on targeting the location information whereas temporal queries target time in
years. In conclusion, the study used search results in the context of Spatial
Information Retrieval (S-IR) along with temporal information. Experiments results
show that the use of spatial and temporal features in combination can significantly
improve the performance in terms of precision (92%), accuracy (93%), recall (95%),
and f-measure (93%). Moreover, the use of implicit feedback has a significant impact
on the search results which has been demonstrated through experimental evaluation.
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ABSTRAK

Di dalam dunia sebenar, pertanyaan yang dikemukakan oleh pengguna
kepada enjin carian adalah masih samar kerana input tidak relevan yang memberikan
cabaran kepada enjin carian web untuk memahami pertanyaan dan memberikan
keputusan. Banyak maklumat yang tidak relevan dan samar menyebabkan para
pengguna merasa kecewa. Oleh itu, kajian ini mencadangkan satu proses evolusi
kesamaran diikuti penggunaan bersepadu ciri-ciri ruang dan masa diambil kira untuk
mengurangkan ketakpersisan hasil carian. Untuk meningkatkan keberkesanan
capaian maklumat web, kajian ini membangunkan Pendekatan Nyahkabur Adaptif
dipertingkat untuk carian pertanyaan web bagi mengatasi masalah yang disebabkan
oleh pertanyaan yang samar. Satu kaedah Klasifikasi pertanyaan telah digunakan
untuk menapis hasil bagi mengatasi ketakpersisan itu. Algoritma telah digunakan
untuk mencari persamaan hasil carian berdasarkan kepada ciri-ciri ruang dan masa.
Hasil maklum balas tersirat yang dihasil melalui pilihan pengguna digunakan untuk
penambahbaikan carian web. Penilaian prestasi diuji pada set data GISQC_DS,
AMBIENT dan MORESQUE yang terdiri daripada pertanyaan yang samar-samar
untuk memperakui keberkesanan pendekatan yang dicadangkan berbanding dengan
kaedah penilaian masa dan kaedah gelintaran dua-kotak. Prototaip yang dibangunkan
tertumpu kepada pertanyaan yang samar-samar untuk diklasifikasi berdasarkan ciri-
ciri ruang atau masa. Bagi pertanyaan ciri ruang, sasaran pertanyaan memfokus
kepada maklumat lokasi manakala sasaran pertanyaan bagi ciri masa tertumpu
kepada maklumat berkaitan tahun. Kesimpulannya, kajian ini menggunakan hasil
carian dalam konteks Capaian Maklumat Spatial (S-IR) bersama-sama dengan
maklumat sementara. Eksperimen hasil kajian menunjukkan bahawa penggunaan
kombinasi ciri-ciri ruang dan masa dapat meningkatkan prestasi dari segi kepersisan
(92%), ketepatan (93%), ingat kembali (95%), dan pengukuran-f (93%). Tambahan
pula, penggunaan maklum balas tersirat juga mempunyai impak yang signifikan ke
atas keputusan carian yang telah ditunjukkan melalui eksperimen pengujian.
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CHAPTER 1

INTRODUCTION

1.1 Overview

In this section, an overview of the domain knowledge and its associated
problems are described with defending the establishment of the study. Furthermore
the subsequent sections are the ephemeral elaboration of the problem background,

problem statement, and research questions separately, to be answered in this study.

In the web search, the elementary research is related with the searched
queries disambiguation in order to get information with respect to the user needs so
as to enhance the performance. These objectives are considered by many people from
different outlooks. The process that is initiated to search desired information from a
collection according to user needs is known as information retrieval. This searching
process can either be based on metadata or on full-text indexing. For example, a user
expresses a query and there are several documents which are related with it found
suitable in respect of his /her information desires. The user then will be required to
analyze all those recovered results and will keep the most relevant ones while others
will need to be rejected. This situation will be called as optimum information
retrieval. The solution adopted by the user is clearly impossible because he/she will

neither have enough time to check all the documents including irrelevant ones.
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In furtherance of solving this problem after the invention of high-speed
computers, this thought has been established that the computer would be able to read
an entire collection of documents while choosing the relevant ones. Specifically the
reading involves making attempts to get information either syntactic or semantic
from the retrieved text and then make a decision about its relevance according to the
given query. In this regard, difficulty refers to the process of getting information and

finding its relevance with respect to its use (Bar-Hillel, 1964).

The importance for searching information and its related problems has been
increased because of rapid growth and use of internet in all fields associated with
information world. The activities from scientific information, looking for
advancements and research needs are useful for significant information retrieval.
World Wide Web (WWW) and the search engines have become essential
components of our everyday life.

The individuals are reinforced in using their abilities for obtaining and
utilizing the knowledge. With the advent of internet, the organizations as well as
individuals are producing information in huge quantity for the sharing with others.
This results in discovering the useful information from this huge and diverse quantity

of information without the support of information systems.

The users need to give precisely their information needs while making
communication with information systems. But however, natural language limitations
in terms of synonyms of the words and lacking of information in knowledge domain
cause difficulties for user to express their queries in an effective ways. When 40
years ago, the Information Systems (IR) systems were developed, it was assumed
that users will clearly express their queries i.e. might be information professionals,
that should be appropriate for the IR systems to process those queries. While, modern
IR systems are not restricted to professional searchers. Somewhat, these are to carry
out a several different new tasks, e.g. book search, social media search, to serve a

large number of users with different needs (Zhang, 2013).
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Time has an important role in the domain of web search. Because many of the
web pages contain temporal information and most of the user queries for search are
time-related. The temporal information has gained an important position in different
web related fields like web search, information extraction, topic detection, answering
to the queries, and analysis of query log. It is commonly expressed in web pages as
temporal expressions either in the form of explicit e.g., September 3, 2015 or
implicit, e.g., Today. Within the scope of web search, various issues have been
imposed because of different forms of temporal expressions, e.g., determination of
exact temporal information for the implicit expressions, focused time that is needed
for a web page, integration of temporal information into a web search (Lin et al.,
2014).

Disambiguating the search intent and improving the accuracy of resulting
information is a crucial issue in the domain of IR systems, especially when most of
the users are unable to clearly express their information needs. For this purpose, IR
system should be able to identify ambiguous user intents and then transform poorly
expressed queries into effective ones. Thus improving the effectiveness of user
queries by disambiguating and then query enhancement is a critical task for modern
IR systems (Manning et al., 2008; Zhang, 2013).

The background of the problem that has been attempted to answer in this

study is given in the following section.

1.2 Background of the Problem

This section describes in detail the problem background in the specified
domain along with the concept of ambiguity with the examples and also the issues

associated with ambiguity, for the better understanding of the readers.

Despite tremendous improvements being made for the web search

optimization, the ample efforts are still required to enhance the user experience that
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emphases on having deep understanding of the users such that their needs, abilities,
limitations. One of the main challenges in modern Information Retrieval (IR) is web
search optimization (Anastasiu et al., 2013) and has gained remarkable attention of
the experts from both the industry and the academia. In pursuit of web search
optimization, an emerging research area known as Temporal Information Retrieval
(T-IR) has been gaining increasing importance in recent years (Joho et al., 2013)
within the search context. The T-IR refers to the process of document retrieval
mainly predicated on time, because of its crucial role in assessing the document
relevance in web search (Joho et al., 2014). Generally, T-IR intends to gratify the
search needs by combining the traditional concept of document relevance with the
temporal relevance. Significant numbers of user search queries have strong temporal
components or characteristics for example, the queries about past facts, most recent
information, weather forecasts or about future related events. For instance referring
to the “World Cup” example, the user might be interested in information about FIFA
World Cup 2014 at Brazil. In this regard, if the user issues a query phrase “World
Cup 20147, it will make use of the temporal feature and will produce 12 ambiguous
results i.e. ICC T20 World Cup at Bangladesh, FIFA World Cup at Brazil, Men’s
Hockey World Cup at Netherlands, Alpine Skiing World Cup at Austria, FIBA 2014

at Spain and so on.

Temporal characteristics can be useful for a wide range of information
retrieval such as similarity search, summarization, and document exploration (Henry
et al., 2015). Furthermore, other characteristics related to temporal information
include well-definition of two intervals in time, normalization of temporal
expressions in standard format, and mapping of temporal information hierarchically.
By the use of these characteristics, the temporal information about documents can be
utilized as time-specific information retrieval. In order to determine the quality of the
document, timeliness or currency play an important role but however, there are
another aspects namely; coverage, objectivity, accuracy and relevance need due
consideration in T-IR. Different ways have been described to express temporal
information such as explicit, implicit and relative for the types date and time in the

documents (Alonso et al., 2011).



5

Majority of the existing literature such as rule-based (Song et al., 2007),
topological (Song et al., 2009), and ontological (Page et al., 1999; Song et al., 2007)
approaches are based on temporal information retrieval. The T-IR based approaches
whereas; somehow refine the search results by exploiting various temporal features:
date, time, duration, and set. However, due to lacking of spatial information, it results

into a large proportion of irrelevant information retrieval (Palacio et al., 2015).

Context is an important source of information in computing environments.
The term context is defined by the authors of (Dey, 2001) as “any information that
can be used to characterize the situation of an entity”. An entity is a person, place, or
object that is considered relevant to the interaction between a user and an application,
including the user and applications themselves. According to the authors of
(Anastasiu et al., 2013), the query disambiguation can be greatly improved by
applying spatial information. For instance, referring to our example, if we add the
spatial information (Brazil as place) and rephrase our search query as “World Cup
2014 Brazil,” this would produce more accurate results according to our intent.
Hence, it is observable that context plays an important role in resolving the queries
ambiguity (Patil and Keole, 2014).

Ambiguity is considered as the most important problem that exists in
inappropriate search results (Zahariadis, 2014). As the web size is mounting at
growing rate, the ambiguity turn out to be universal and the users need active means
of disambiguating the information that is retrieved in response of queries. The
ambiguity can be resolute by defining knowledge of the available domain and then
applying refinement process over query with the addition of spatial terms as well as
temporal features. The main reason for the ineffectiveness of the previous
approaches was use of spatial and temporal features independently (Campos et al.,
2014a; Joho et al., 2013). Commonly the query terms are short in nature, comprising
one to three terms only (Roul and Sahay, 2012), recognized as naturally ambiguous
due to polysemy i.e., different possible meanings associated with a word or phrase.
Consequently, numerous inappropriate web pages are retrieved in a response of the
ambiguous queries expressed in the form of user intents and information needs. The

major question arises here is that how to get the relevant information for the
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ambiguous queries. With the high growth in the size of the web, the ambiguity
becomes ever-present and hence, the users seek for the active means that would
cover their needs to meet disambiguation of the searched results accordingly
(Winokur, 2015).

We give an improved disambiguation approach that makes use of both the
temporal information i.e., year and spatial information i.e., location, thereby
retrieving the most accurate results in accordance with the search queries. The
proposed approach is comprised of five stages namely: query input, query
classification, sub-query construction, results integration and improved results
through feedback. Experimentally based evaluation of ADA reveals improved
performance in terms of accuracy, precision, recall, and F1-measure as compared to
the existing work (Campos et al., 2014b; Cobos et al., 2014).

To conclude the description, the query disambiguation in web information
retrieval is an extensive field and much effort has been made to improve the
mechanisms in the context of the information retrieval. Even with having different
approaches for query disambiguation (Bennett et al., 2015; Chowdhury and Pass,
2014), the user needs to put more efforts for the specific cases while using spatial

and temporal information.

The web search optimization is intended to retrieve relevant information
while using different search engines. But it is getting more multifaceted and
challenging to retrieve accurate information according to user needs because of high
and fast growth of internet size and its complexity (Hannak et al., 2013). To do so, it
needs user queries in an accurate manner for retrieving information. While user
queries are known to be ambiguous in nature (Song et al.,, 2009); cause low
performance of the system in terms of accuracy. Additionally, leading towards
ambiguous queries identification, which is also a laborious task. We need at this
point to give an example for the better understanding about the problem such that if a
search query “Cultural Show” is put in a famous search engine Google, it will
generate 3400 thousands outcomes while taking only 0.39 seconds for processing the

search query. However, there will be lot of irrelevant information because of unclear
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query given earlier which is describing clearly that what we mean to retrieve about

“cultural show” at which place, year, or event.

The query disambiguation process support the user not only in receiving the
significant information but also contributes in enhancing the search engine
performance (Bunescu and Pasca, 2006). In this perspective, the techniques dealing
with query disambiguation such as (Anastasiu et al., 2013; Bunescu and Pasca, 2006;
Mihalcea and Csomai, 2007; Song et al., 2009) along with support of identifying
ambiguous queries were introduced. In order to get accurate information, the search
processes are enhanced previously with the addition of different time and context
related features. These enhancements headed towards temporal search introduction in
search processed (Campos et al., 2012; Drew and Wolfe, 2012; Lan et al., 2013) and
spatial search(Anastasiu et al., 2013; Kraft et al., 2006; Mizzaro and Vassena, 2011)
as well. Ricardo, at al. highlighted the disambiguation of text queries with respect to
temporal feature time in terms of year (Campos et al., 2012). The approach was
based on clustering the search results based on the temporal features that were
previously neglected by some clustering engines i.e., iBoogie!, Yippy% They
proposed a two-stage process where documents were grouped together into a single
cluster while sharing a common year i.e., temporal expression. Their approach was
based on the idea of finding a non-trivial term in text and focused on temporal
clustering. The temporal clustering is firstly introduced by (Alonso et al., 2011) on
the basis of topics and time. Their work was conceding the result accuracy because
of exclusive dependency over temporal features. Link Text Topic Model (LTTM)
based disambiguation approach has been proposed by (Skaggs, 2011), however, it
resolves the link disambiguation problem only thereby lacking the capability to
disambiguate the user queries. (Boston et al., 2014) developed a system (called
“Wikimantic”) for link disambiguation and query expansion in response to user
queries for the retrieval of information graphics. In the developed system, they first
disambiguate short text strings, followed by determination of the instant when the
sequence of words should be disambiguated. The main limitation of their system is

that it only entertains short queries and the performance is greatly deteriorated when

! http://www.iboogi.com

2 http://search.yippy.com
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exposed to large queries. Furthermore, it attains low precision and recall as compared

to other approaches.

Given a large text string, it's always possible to find at least one non-trivial
term to start the process. (Ferragina and Scaiella, 2010) addressed this problem by
employing a voting system that resolved all ambiguous terms simultaneously. Their
system makes use of various characteristics associated with different fragments of
the input strings and completely overlooks the temporal and spatial features.
Furthermore, due to the unavailability of non-trivial terms in short text strings, its
performance is greatly affected. More recently (Anastasiu et al., 2013) investigated
the problem of query disambiguation by making use of keywords search and spatial
information. First the articles were retrieved on the basis of both combined fragments
of the query as well as spatial terms. Next they retrieved the articles based on only
query terms and finally similarities were computed. Eventually, the commonly

retrieved results were presented to users for their selection.

All such approaches are based on disambiguating the search intents, meaning
they use temporal as well as spatial features as additional elements in the user given
queries to find the most relevant results according to user needs. However, each of
these approaches uses features in a way that supports certain specific feature of the
queries while neglecting others (e.g., (Campos et al., 2012) neglects the use of spatial
features in terms of location in their approach). Therefore the query disambiguation
to get relevant and accurate search results, temporal features cannot solely be
exploited to an extent that these actually results relevant and accurate information
based on queries. Consequently, there is a need for an approach that bases upon
temporal features in terms of time as well as spatial features in terms of location and
eventually produces highly relevant and accurate search results to realize a better

information retrieval in the larger context of web search.

Taking into account earlier described research gaps; this research study aims
to deal with the problem of ambiguous queries that affect the information relevancy
using the spatial as well as temporal features. The ambiguous queries classification

on the afore-mentioned features is employed over ambiguous datasets. The query
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classification and then applying post search results filtering is expected to result in
better search performance. Post search ambiguous query classification method,
results similarity based on spatial and temporal features is proposed along with
implicit feedback collection to get the better performance in this study.

1.3 Problem Statement

In this study, we intend to deal with problem of disambiguation of the
ambiguous queries being input for searching according to user intents. The problem
is defined as:

The search engines generate thousands of web pages in reply of user queries.
Among these results, many results are irrelevant, known as ambiguous results and
are triggering confusion towards query understanding and its results. The major
reason of having a lot of irrelevant information is unclear contents of the queries
given by the users. This irrelevancy creates disappointment among the users and is
deliberated as one of the vigorous problems, mainly instigated due to search queries
ambiguity. Prior to get back the relevant and more accurate results, it is required to
have ambiguity evolvement process and then to have measures to solve the issues
related with it. In order to solve the afore-mentioned problem, different associated
sub-problems can be solved for the improvement of overall search process. These are

as follows:

1.3.1 Ambiguous Queries Investigation

The first problem is to investigate the nature of queries, whether the queries
being input are ambiguous or clear? This problem leads to diversified results, when
ambiguous or broad queries are received by search engine by knowing little about the
user while covering several interpretations of the query. Therefore, prior to apply any
method for the disambiguation and sorting out the relevant results from the response,
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it is mandatory to have procedures for the investigating the nature of the queries

being input for search.

1.3.2 Post Search Results Filtering

The web search can be significantly improved, and the efforts involved in
resolving the ambiguity of the queries for search can be reduced by employing query
disambiguation techniques using different features i.e., spatial and temporal. The
approaches that consider temporal features do not generate the better results, related
with spatial features such that created the space for use of combined features for the
disambiguation and better search results as well. The past research has mainly
focused on temporal features i.e., year and spatial features i.e., author name
independently. Hence, in post-search processes, using different features, we can have
more accurate results that are being responded back. Therefore in this study, we
intend to propose an approach for the disambiguation of user queries in order to
improve the search results using the spatial information i.e., location and temporal

information i.e., year.

1.3.3 Implicit User Feedback

Using Internet, it is common to collect user feedback information by Internet
contents providers. This feedback may be either explicit or implicit. Consequently,
improving the search established on user feedback has not been given much
attention. By collecting user feedback and then improving the search contents can
significantly increase the information exactness as well as will cause improvement in
the performance of the webs search. Furthermore, all previous approaches being
identified in literature review process, suffer from at least one common problem,
which is their inability to generate better relevant search results according to user
needs.
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1.4 Research Question

This study aims to resolve the afore-mentioned problems by using the spatial
and temporal features being identified in the post search results. Based on these

problems, we can come up to synthesize our main research question that is:

“How can we improve the web information retrieval by using the spatial as
well as temporal information in combination, for disambiguating the user queries
that are more clearly expressed in terms of user intents based on the post search

results and exploiting user feedback?”

Based on the problem statement given above, the following questions that

need to be answered are pointed out as follows:

0] How can we classify the ambiguous queries being input for searching specific
information?

(i)  How these ambiguities in the user given queries can be reduced by using
spatial information and temporal information being existed in post search
results, in order to get better search results?

(ili)  How to specify an improved approach for the web search under ambiguous
queries that are causing retrieval of irrelevant information in response?

(iv)  How to measure performance of proposed approach using the user feedback?

After pointing out the research questions, the following section describes the

research aim and objective to be achieved.
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1.5 Research aim

The purpose of the research is to develop an approach for web search query
disambiguation to improve the accuracy of the results according to user needs.
Hence, this research attempts to use ambiguous queries that are given to search
engines by users in order to find the specific information. Besides, it builds the
execution of the approach by enhancing the substance of the user input focused
around the determination of results made by users. Moreover, this study is to propose
an improved approach that should be implemented to overcome the issues related
with the accuracy of the search results in a response of the ambiguous queries

lacking the spatial as well as temporal features, in the domain of web search results.

1.6 Research Objectives

Towards achievements of the research aim, some research objectives that are

being identified are given below:

(1)  To give an ambiguous queries classification method for accurate information
retrieval in response.

(i)  To define a post search results-based implementation method that will
disambiguate the search queries in order to increase the accuracy in terms of
relevance of the retrieved information.

(il))  To give a method based on a collection of the feedback through users to

increase the performance of the query disambiguation approach.

The following section describes in detail the research scope of the study
which includes the limitations of the study in terms of data sets and methodology as

well.
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1.7 Research Scope

In this thesis, an improved methodology has been created containing relevant

spatial (location) and temporal (year) data to be transformed for improved web

information retrieval. So as to assess the methodology, two previous methodologies

have been chosen for the benchmarking. An algorithm has additionally been

proposed for the better hunt as indicated by user needs. The methodology is focused

on the algorithm and the results are defined in such a path, to the point that it can

understand the logical and additionally transient data accordingly of user queries.

These augmentation unobtrusive components are given underneath.

(i)

(iii)

For the experimental validation of the proposed approach, three publically
available data sets namely; GISQC_DS data set that comprise of 450 (220
Ambiguous) queries which are manually extracted from Google Insights for
Search; AMBIENT data set with 44 ambiguous queries and MORESQUE
data set with 114 ambiguous queries have been used.

With a specific end goal to evaluate the execution of the proposed
methodology, the common IR measures namely; Precision, Accuracy, Recall,
and F1-Measure have been considered as these four are considered as
common IR measures in the literature.

The Proposed technique will provide measurable enhancement in overall
performance regarding web information retrieval with the addition of above-

mentioned features.

The subsequent section describes in detail the organization of this dissertation

i.e. chapter-wise detail about included contents in the specified chapters.



14

1.8 Thesis Organization

This thesis is organized into seven different chapters described as follows:

Chapter 1, Introduction, presents an overview of the web information
retrieval, input queries for search and ambiguity issues related to queries and search
results generated in response. The chapter also publicizes the problem statement and

introduces the research objectives and highlights of the contributions.

Chapter 2, Literature review, presents the detailed background about the
latest work done in the field of information retrieval and also the literature about
ambiguities found in queries and their effects on the retrieved results. We discussed
different research contributions in the area of web information retrieval and also
different approaches that had been used in different researches. The chapter also
gives an overview of the previous studies and further discussion includes the concept

of disambiguation, web search related issues and evaluation metrics.

Chapter 3, Research methodology, discusses the methods, which are used in
this proposed approach that has been adapted during the entire research process. In
the subsequent sections of the chapter, research framework, problem analysis,
disambiguation approach, and information retrieval processes are discussed.
Furthermore, how the disambiguation process takes place, has been discussed. The
complete structure of the methodology and proposed algorithm is displayed in subtle
element by utilizing pictorial representation. Finally, a complete rundown of the

chapter is concluded at the end.

Chapter 4, Implementation of approach; Ambiguous queries investigation,
describes different steps of the approach in detail that how the disambiguation
approach is categorized into different steps. Additionally, how the investigation
process takes place and different categories of the queries that are being investigated.

A complete rundown of the chapter is concluded at the end.



15

Chapter 5, Implementation of approach: exploitation of user feedback, in this
chapter, implementation of the approach in terms of exploiting user feedback is

discussed to give an overall picture of the procedure.

Chapter 6, Experiments and results analysis, discusses the results by
explaining the evaluation processes used to validate the results and by comparing the

proposed disambiguation approach with the other existing approaches.

Chapter 7, Conclusion and future work, concludes the research, provides the
description of contributions along with limitation associated with this study and
finally the future bearings are given for further study.

1.9 Summary

The fundamentals of the research and the necessary parts of this study are
discussed in this chapter. An overview of the research domain, problem background,
and statement of the problem resulting into research questions, objectives, and
research scope are introduced. The basic idea providing this chapter is to give an
overall detail of the major parts of this research study so that readers can get clear
understanding about domain, its associated problems, and the solution being

proposed.
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