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Abstract

This thesis aims to augment the Geographic Information Retrieval process with information extracted
from world knowledge. This aim is approached from three directions: classifying world knowledge,
disambiguating placenames andmodelling users. Geographic information is becoming ubiquitous across
the Internet, with a signi cant proportion of web documents and web searches contining geographic
entities, and the proliferation of Internet enabled mobile devices. Traditional information retrieval treats
these geographic entities in the same way as any other textual data. In this thas | augment the retrieval
process with geographic information, and show how methods built upon world knowddge outperform
methods based on heuristic rules.

The source of world knowledge used in this thesis is Wikipedia. Wikipedia has beoaoe a phenomenon
of the Internet age and needs little introduction. As a linked corpus of semi-structureddata, it is
unsurpassed. Two approaches to mining information from Wikipedia are rigorasly explored: initially
| classify Wikipedia articles into broad categories; this is followed bymuch ner classi cation where
Wikipedia articles are disambiguated as speci c locations. The thesis concludes witthe proposal of the
Steinberg hypothesis: By analysing a range of wikipedias in di erent languags | demonstrate that a
localised view of the world is ubiquitous and inherently part of human nature. All people perceive closer
places as larger and more important than distant ones.

The core contributions of this thesis are in the areas of extracting informaton from Wikipedia,
supervised placename disambiguation, and providing a quantitative model for hovpeople view the world.
The ndings clearly have a direct impact for applications such as geographically awae search engines,
but in a broader context documents can be automatically annotated with machine readale meta-data
and dialogue enhanced with a model of how people view the world. This will reduce ambigujtand
confusion in dialogue between people or computers.
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Chapter 1

Introduction

Newspapers, television, books and the Internet hold a huge amount of geographand temporal infor-

mation (Jones et al. 2008). A minute proportion of this data is accompaniedwith machine readable
meta-data. It is common to want to browse by time and placename, when searchingof information

about a speci c event or location (Sanderson and Kohler 2004; Mishne and de Rijke 2®; Jones et al.
2008; Gan et al. 2008); because of this, there is a need for automatic annotah of resources with time
and location data.

The understanding of time and place references in documents generally involves knowledge tbie
document context and a shared world knowledge between the author and reader. If a documenefers
to \next month," or \The Capital,” the time and location the document was autho red are necessary
contextual clues that help understanding. If a news report refers to \America invading Iraqg," fully
understanding the statement relies on a shared knowledge that \America" is a synonynfor the nation,
the United States of America, situated in the continent of North America; and that Iraq is a country
situated in the Middle East.

For the automatic annotation of time and location, both shared world knowledge and document
context needs to be captured. It is this problem that | hope to address in this thesis. Put sccinctly to
extract geographic world knowledge from Wikipedia and apply it to geographic information
retrieval. Wikipedia is chosen as a source of world knowledge, as it is the largest encyclogic corpus
freely available. | approach this task by exploring methods of disambiguating Wkipedia articles to build
a huge corpus of world knowledge, and then evaluate di erent methods of applying this wadd knowledge
to disambiguating placenames in free text.

1.1 GIR, IR and GIS

Information Retrieval (IR) di ers considerably from database retrieval (D B), which is concerned with
the retrieval of data as opposed to information (van Rijsbergen 1979).In IR an information need is
speci ed in natural language, and a corpus of unstructured documents is searched for resulthat will
best satisfy the information need; in contrast, in database retrieval querés are formed using a query
language where the data required is described, all results matching the query are retned without
ranking. The eld of XML retrieval is concerned with the retrieval of structured documen ts; this is
the overlap between DB retrieval and IR. Structured documents are made up of clearly de nedparts,
for example title, abstract and body, and may have associated meta-data, foexample cost or author
(Lalmas 2000). Geographic Information Systems (GIS) is a eld concerned withthe e cient storage,
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Figure 1.1: Overlapping retrieval methods for Data, Information and Geogrghic Meta-data

retrieval and display of geographic data; it is the augmentation of DB retrieval with geographic data.
Geographic Information Retrieval (GIR) is the augmentation of IR with geographic data: a user will
express their geographic information need within their query (Jones and Purves 2006)This relationship
is summarised in Figure 1.1.

This thesis is concerned with the area of Geographic Information Retrieval (GIR, more speci cally,
how world knowledge can be extracted and applied to GIR.

1.2 Placenames and locations

A large part of this thesis is concerned with the mapping from placenames (words refeimg to places),
and locations (places themselves). To add clarity to these discussions, | will de ne@ne terminology
here. A location is a space on the Earth's surface represented by polygons or points. placenameis a
phrase used to refer to a location. Note this is a many to many relationship. Were the two may be
confused, placenames will be referred to in inverted commas, e.g. \Cambridge" can maf to Cambridge,
UK or Cambridge, MA.

1.3 The need for geographic indexing

Historically disambiguation has been performed at indexing time. Professinal indexers compiled indexes
in a two stage process of conceptual analysis and translation into indexing terms (Lancaster 2003). In
traditional IR, conceptual analysis is left out and indexing terms are automatically extracted straight
from the document; because of this, the indexing terms are inherently ambiguous, and disnbiguation
is achieved through manual query expansion. For example, a user dissatis ed with resdts for \Lincoln"
can incrementally expand their query into \Abraham Lincoln, President".

GIR is a more complex case: information required for disambiguation is of#n implicit as there
are geometric and topological relationships between locations. If the user imterested in all documents
relating to areas within \London"; they can reduce the ambiguity in their query by expandi ng it to search
for areas within \Greater London, UK". This would have to be greatly expanded furt her to cover all the
33 boroughs and the areas within. Many of these names would also be ambiguous buas \Chelsea",
\Vauxhall" and \Greenwich". A user presenting this further expanded query will be overw helmed with
false positive results.

16



One solution to this problem is to assign every geographic phrase or placename indocument a
reference to a location. An index can then be built of these semantic representations lalving places to
be searched unambiguously.

1.4 The need for placename disambiguation

How signi cant is the problem of disambiguating placenamea To answer this question | provide an esti-
mate of the accuracy that can be achieved with a trivial method. Assuming we clasify every placename
as the most referred to location, then the fraction of correctly disambiguated pacenamesr.or can be
estimated as follows (notation detailed in the Nomenclature):

P
p2m ref(p;L1(p)
iNj

r.COH' -

(1.1)

Using a model based on a crawl of Wikipedia (detailed in Chapter 5) one can estimatthe proportion
of placenames that will be correctly matched to locations to be 8%% (detailed further in Chapter 6).
One could easily argue \this is accurate enough!" However, this error is noticeable ithe following three
circumstances:

When a location is being searched for and a more commonly referred to locatiorhares its name,
the user will be ooded with irrelevant results. To quantify this, for every r eference to a locationl,
where a more commonly referred to location exists for placenamp; the average ratio, r 3¢, Of the
frequency of references td by p divided by the frequency of all references to locations by can be
calculated: |
_ 1 X refpiLi(p)

r = - (12)
K s 12L(p) TEf(P: 1)

Assuming all locations are equally likely to be searched for, on averagenty 10% of documents
will be relevant when searching for a less common location. Of course not everydation is equally
likely to be searched for, in the next version of the equation we weight the kelihood a location is
to be searched for with respect to how often it is referenced:

0 1 1 |
L) X I e o2

(oo = @ ref(piL () A (il 1) 13
p2K i=2 p2K =2 12L(p) re (p1 )

Assuming all locations are as likely to be searched for as they are referenced, awerage only 17%
of documents will be relevant when searching for a less common location. Notéé r,.ew equation
is a generalisation of ther.oy equation, and if i were initialised to 1 in the two summations they
would be equivalent.

When one wishes to display documents relevant to London, Ontario, on a map, the user-arface
will quickly become cluttered.

The second problem is that this error is cumulative when using a GIS that models the relgonship
between locations. Supposing the user is searching for locations in the continent dbforth America,
the query is expanded to countries, states, counties and towns; at each expansion therer is
compounded.
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Figure 1.2: Generic GIR system architecture

The nal problem is that context a ects the perceived most important locations (W orboys 1996).
For example, any local newspaper in Ontario will by default assume that \London" refers to
London, Ontario, not London, UK. This is particularly noticeable when two places of roughly
equal importance exist: for example, Cambridge, UK and Cambridge, MA. Some contextual data,
whether speci ed implicitly with statistical models or explicitly, is needed.

Summarising, with the growing volume of content on the web and presence of Web 2 @chnologies,
the amount of annotated and un-annotated geographic information is growing fas this combined with the
growing volume of traditional geographic information sources, and increasigly novel browsing methods
shows the growing need for the geographical indexing and browsing of information.

1.5 GIR systems

Microsoft and Google both introduced commercial GIR Systems in 2005, Miassoft Live Local' and
Google Mapg. In the same year the geographic track was added to the CLEF series of evaluain
conferences allowing direct comparisons of GIR systems (Gey et al. 2006). Figurk?2 illustrates the
standard components of a GIR system:

The Geographic Analyser processes the corpus identifying references to locations, disambiguating
them and building a geographic index. Disambiguation is commonly achieved through thepplica-
tion of geographic world knowledge. The world knowledge used in a GIR systensioften a simple
geographic gazetteer, a mapping of placenames to geographic co-ordinates.

The Text Indexer is similar to a standard IR system and builds a standard text index.

The Query Engine ranks the documents in the corpus with respect to both their geographic and
textual relevance to the query. Generally a score is given for the geographic relerae and a score
given for the textual relevance and the two combined.

The components of GIR systems are examined more carefully in Chapter 2. This théss focus is the
generation of world knowledge used by the geographic analyser and the geographinayser itself.

http:/iwww.local.live.com
2 http://www.maps.google.com

18



1.6 Wikipedia

Wikipedia has become one of the big Internet phenomena of the last 5 years (Tapscott anwilliams
2008). Launched in 2001 it is now the largest and dominant reference work currentlavailable on the
Internet (Wikipedia 2008b; Giles 2005). Wikipedia currently has editions in over 250 languages and by
the time this thesis is published, there will be over 10 million articles. Wikipedia has had such success
due to the \Wiki" software it is built on (Tapscott and Williams 2008). A wiki is a web-application
that allows users to create, edit and link web pages. Wikipedia runs on MediaWiki, he wiki software
developed by the Wikimedia Foundation. MediaWiki records a history of every singleedit ever made to
Wikipedia, all of which is downloadable and viewable. This means informationcan never be removed
from Wikipedia, only added to.

Wikipedia is con gured in such a way that anyone can edit almost any article (there are some
restrictions on sensitive or vandalism prone articles). It is this collabeative spirit that has led to
Wikipedia's success (Tapscott and Williams 2008). Although it is not required, Wikipedia encourage
users to login before editing. This has further allowed them to encourage a communitgpirit, the phrase
\The Wikipedia Community" has been coined to refer to the nearly 6m registered Wikipedia editors
(referred to as \Wikipedians™). Wikipedians come from every corner of the gloke, from di erent cultures
and religions, and speaking di erent languages. In an attempt to manage competig opinions Wikipedia
have suggested style guidelines and a \neutral point-of-view" policy. Contributors are asked to submit
veri able encyclop dic facts only, no original research or personal opinions.

Wikipedia is now owned and run by the \Wikimedia Foundation," a charity organis ation supported by
donations. Described by its creator Jimmy Wales as \an e ort to create and didribute a free encyclopedia
of the highest possible quality to every single person on the planet in their owrdanguage,”(Wales 2005)
Wikipedia is beginning to take on a life of its own.

Wikipedia has become a recurring subject in the media receiving both praise and critism. The
journal \Nature" published an article in 2005 claiming it to be as accurate as the Encyclop dia Britannica
(Giles 2005). A series of further articles have both backed up and refuted this cien (Encyclop dia
Britannica Inc 2006; Nature 2006; Waters 2007; Young 2006). Conservapeahi was set up in 2006 as
a backlash against Wikipedia's \liberal, anti-Christian, and anti-Am erican bias" | this reported bias
is signi cantly exaggerated. Further attacks on the bias of Wikipedia have beenfuelled by evidence
that political candidates have edited both their own and opponents pages (Grith 2 007). The problem
of vandalism is a noticeable problem downplayed by the Wikimedia Foundation and sdtised be Every
topic in the Universe Except Chickens.comand the Colbert Report, who respectively plead for potential
vandals only to edit the Chicken page (as everyone already knows everything they need tonkw about
Chickens), and argue \any user can change any entry, and if enough users agree withem, it becomes
true".

At the forefront of Web 2.0 community driven software, Wikipedia has been of geat interest to
the academic community. The fact that it is freely available to download and no specialist software
or hardware is needed, makes its study very accessible. It is the community aspect of Wikedia that
in uenced our choice when searching for a source of \World Knowledge". The second advantagef
Wikipedia is its hyper-linked structure (Mihalcea 2007). Authors are encouraged,in at least the rst
reference, to hyper-link references to major concepts and themes. These hyper-links help to dishiguate
the concept or theme.

3http://iwww.conservapedia.com/
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Articles in English Wikipedia 2.1m
Words in English Wikipedia 916m
Internal links in English Wikipedia 100m
Total edits across English Wikipedia 184m
Di erent language versions of Wikipedia 252
Language versions with over 100k articles 15
Articles across all language versions 9.1m
Words across all language versions 1,410m
Average page requests per second 30k
Proportion of tra c directed at the English Wikipedia 55%
Registered editors 5.9m
Servers needed to serve Wikipedia 100

Table 1.1: Wikipedia statistics summary (correct as of 1 February 2008)

1.7 Scope

This section will outline the objectives, requirements and research questions addssed by this thesis.

Mining world knowledge from Wikipedia

To e ectively mine Wikipedia, e cient scalable algorithms are required for ext racting how people refer
to locations, times and other concepts. E ciency is essential as the information h Wikipedia is dynamic,

therefore the mined world knowledge needs to be easily updatable. Scalability is a ity as Wikipedia

is growing at an enormous rate, currently containing millions of articles andpredicted soon to contain
tens of millions of articles across multiple languages.

World knowledge is a particularly broad term that | will make more precise for the purposes of this
thesis. By world knowledge | refer to the shared understanding between people, requiredrfnterpreting
documents. Speci cally the default meaning for words and phrases, and how these are changeg b
context. | further limit this de nition by only considering the understanding of noun phrases ; and
de ning the \meaning" of a word to be either its location on the surface of the Earth, or a time-line if
it is a place or a time, or its broad noun class.

The research questions this thesis aims to answer are:

What meta data is most useful when classifying or disambiguating a Wikipedia aticle?

What degree of accuracy can be achieved without a full semantic analysis of every Wipedia
article?

What proportion of Wikipedia articles can be disambiguated; and what is the didribution of
references to locations in Wikipedia?

Applying world knowledge mined from Wikipedia to placename dis ambiguation

Once a model of how placenames occur in Wikipedia has been built, an evaluation of di erent ethods for
applying this model to placename disambiguation will be performed. Heuristic methods for placename
disambiguation have been extensively covered (Li et al. 2003; Clough et al. 2@ Rauch et al. 2003;
Cardoso et al. 2005; Zong et al. 2005; Leidner et al. 2003). This thesis withnly look at supervised
learning methods for placename disambiguation, using the world knowledge extracteddm Wikipedia
to build a model. Three approaches will be used to evaluate the system's perfornmae: theoretic {
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by examining the model; direct { by comparison to a ground truth; and indirect { by comparing how
disambiguation a ects the retrieval process.
The research questions considered are:

What are the theoretical bounds of accuracy achievable for placename disambiguation usy a
co-occurrence model?

What level of co-occurrence is most useful for placename disambiguation?
How does the distribution of locations in Wikipedia di er from a standard eval uation corpus?
How much can placename disambiguation improve the information retrieval praess?
When no in-document context is available, is the location of the author a suitable cotext for
placename disambiguation?

Comparing world knowledge extracted from di erent language ve rsions of Wikipedia

The methods developed and evaluated for the task of disambiguating locations in th&nglish language
Wikipedia will then be applied to alternate language versions of Wikipedia. The motivation for this is
to see how quantitatively and qualitatively the distribution of location references vary between di erent
languages.

The research questions this thesis aims to answer are:

Is Wikipedia truly impartial or do predictable biases occur based on the language ofhe articles?
Do all people have the same world view relative to their location? and, can tts world view be

captured in a simple model?

Scope summary

In the above sections we have summarised all the research sub-questions askedpinsuit of our main
goal, which will be reiterated here:

\to extract geographic world knowledge from Wikipedia
and apply it to geographic information retrieval."

1.8 Contributions

The research performed for the purposes of the PhD culminating in this thesis produced aeries of
contributions to the scienti c community. This thesis has:

1. Identi ed which meta-data in Wikipedia are most useful when disambiguating articles as locations
or categorising articles as WordNet broad noun syntactic categories.

2. Presented an e cient scalable supervised method for classifying Wikipedia gicles and similar
hierarchically structured resources, as WordNet broad noun syntactic categoriesThis method has
been shown to be better than the state of the art.

3. Quanti ed the ambiguity at each stage when mapping from a tag to a category usang Wikipedia,
and how to signi cantly reduce the ambiguity.

21



10.

11.

12.

13.

14.

15.

. Produced a publicly available ground truth of 300 randomly selected Wikipedia aficles classi ed

by hand as WordNet noun syntactic categories.

. Presented an e cient scalable heuristic method for disambiguating Wikipedia aticles as locations.

This method has been shown to be better than the state of the art.

. Quanti ed the information contributed by each of the features considered useful forplacename

disambiguation.

. Produced a publicly available ground truth of all the links crawled from 1000 randomly selected

Wikipedia articles disambiguated as to whether they refer to locations or other conceptand if they
do refer to locations matched to relevant entries in the TGN. Note this has aleady been adopted
and used by other research groups for evaluation (Buscaldi and Rosso 2007).

. Quanti ed the problem of placename disambiguation based on synonyms extracted &m Wikipedia.

. Produced publicly available geographic co-occurrence models in a variety of languages

Demonstrated supervised placename disambiguation can statistically ghi cantly outperform rule-
based placename disambiguation both in direct and indirect evaluation.

Provided a macro-level comparison of the distribution of placenames in Wikiedia and the Geo-
CLEF corpus.

Demonstrated in a disambiguated geographic query that information usefuldr the retrieval process
is captured in both the location and placename part of the query.

Calculated the bias in di erent language versions of Wikipedia and generated raps to visually
represent this.

Developed a model to quantify a given person's sh-eye view of the world andalidated this model
against Wikipedia.

Quanti ed the distribution of references to times and locations in Wikipedia and showed they can
both be modelled with a series of Zip an distributions.

1.9 Publications

This section lists the publications that disseminate the research results obtainedvith work presented in
this thesis. Publications are grouped by chapter.

Chapter 4

The work detailing the classi cation of Wikipedia articles, comparison to DBpedia, and the use of Flickr
as a case study:

Simon Overell, Bakur Sigurbprnsson and Roelof van Zwol. Classifying Tags using Open Content
Resourcesin WSDM, Barcelona, Spain (2009).

Simon Overell, Bekur Sigurbprnsson and Roelof van Zwol. Classifying Content Resources Using
Structured Patterns Patent Pending (Submitted Nov 2007).
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Simon Overell, Bekur Sigurbprnsson and Roelof van Zwol. System and Method for Classifying
Tags of Content Using a Hyperlinked Corpus of Classi ed web gges Patent Pending (Submitted
Dec 2007).

Chapters 5, 6 and Appendix B

The initial work showing that by using only heuristic rules it is possible to achieve a relatively high
precision disambiguating Wikipedia articles. This paper also details the creatbn of a ground truth
comprising of disambiguated Wikipedia articles:

Simon Overell and Stefan Rager. Identifying and grounding descriptions of placesin the SIGIR
Workshop on Geographic Information Retrieval, Seattle, USA (2006).

Our second paper on disambiguating Wikipedia articles, this time using only meta dad and demonstrat-
ing that no content is needed from the actual article. We also quanti ed the bounds and chaacteristics
of the model:

Simon Overell and Stefan Ruger. Geographic Co-occurrence as a Tool for GIRin the CIKM
Workshop on Geographic Information Retrieval, Lisbon, Portugal (2007).

Our rst article on placename disambiguation. A series of supervised placename disdniguation tech-
nigues are compared to hawve methods and traditional IR. The geographic co-occurrence oael extracted
from Wikipedia forms the training data for the methods:

Simon Overell and Stefan Rager. Using co-occurrence models for placename disambiguatioim the
International Journal of Geographic Information Science, Taylor and Francis (208).

The initial implementation of the GIR system, Forostar, is described in detail and compared to the
current state of the art. This paper contains experiments showing the optimal giery construction is to
use both the placename and location in the query:

Simon Overell, Joao Magalhaes and Stefan RagerForostar: A System for GIR in Evaluation of
Multilingual and Multi-modal Information Retrieval, Springer-Verlag LNCS ( 2007).

Additional work on the implementation of Forostar including experiments showing the optimal data
fusion method for textual and geographic data:

Simon Overell, Adam Rae and Stefan Rsger. MMIS at GeoCLEF 2008: Experiments in GIR in
CLEF Working notes (2008).

Simon Overell, Adam Rae and Stefan Ruger. Geographic and textual data fusion in Forostarto
appear in CLEF LNCS proceedings (2009).

1.10 Implementations

A number of applications and tools have been developed speci cally for the experimestor to display
results presented in this thesis. In this section | provide a brief overview of theseapplications grouped
by chapter.
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Chapter 4 { ClassTag.  ClassTag is a tool for classifying Flickr tags using data mined from Wkipedia.
It classi es Wikipedia articles as WordNet broad noun categories; anchor texts inking to these
articles then form a huge lexicon of classi ed terms with frequency data, which carbe mapped to
Flickr tags.

Chapter 5 { PediaCrawler. PediaCrawler is a module of the Forostar GIR system. It disambiguates
Wikipedia articles mapping them to their corresponding location. Links to this set of disambiguated
Wikipedia articles form a geographic co-occurrence model.

Chapter 6 { Forostar. Forostar is a full GIR system which includes placename disambiguation and
data-fusion modules. Experiments with Forostar are performed on the GeoCEF corpus.

Chapter 7 { Numenore. Numenore is a web applicatiort that displays locations and events mined
from di erent language versions of Wikipedia. The data Numenore is built upon is mined by
PediaCrawler and is also available in a machine readable format through thd&Numenore API.

1.11 Organisation

The purpose of this chapter has been to provide motivation for my research, imbduce the eld of GIR
and identify the scope of this thesis. The organisation of the following chpters will be outlined below:

Chapter 2 { GIR and Wikipedia

A comprehensive literature review of the areas of geographic information retgval and mining knowledge
from Wikipedia. This chapter will concentrate on the tasks closely related to this thesis, speci cally
placename disambiguation, and the classi cation and disambiguation of Wikipeda articles.

Chapter 3 { Evaluation and metrics

This chapter contains a brief history and the motivation for the current ad-hoc evaluation framework
that has become standard across the IR eld. The current metrics used for evaluating IRand GIR
systems will be presented with the common statistical techniques.

Chapter 4 { Classifying Wikipedia articles

| begin the body-of-work of this thesis by examining how Wikipedia articles can ke classi ed as the 25
WordNet broad noun categories. A supervised learning approach is adopted with theverlap between
WordNet and Wikipedia used as training data. The chapter explores what proportion of Wikipedia
can be classi ed using only associated meta-data and which meta-data is most usefult concludes by
illustrating how the classi able terms in a sample corpus can be greatly extended wer WordNet alone.

Chapter 5 { Disambiguating locations in Wikipedia

Chapter 4 simply classi es whether an article describes a location or geographic ¢éct without specifying
the speci ¢ point on the Earth's surface being referred to. In contrast this chgpter uses a heuristic method
to match locations in Wikipedia to an authoritative source. | investigate which classes of evidence

4http://www.numenore.co.uk
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provide the greatest information and show, for locations, our heuristic metha out-performs the generic
supervised method.

Using the disambiguated set of Wikipedia articles a geographic co-occurrence model i®merated.
The distribution of locations within the model and other characteristics are presented.

Chapter 6 { Placename disambiguation in free text

Using the co-occurrence model developed in Chapter 5, this chapter performs an evaluatiaf di erent

supervised methods applying these models to placename disambiguation. The supervisecetinods are
compared to a nawve baseline, the theoretical bounds achievable, and the current statef ehe art. Eval-

uation is performed both directly on a groundtruth and indirectly in a standard | R ad-hoc evaluation
framework.

Chapter 7 { The world according to Wikipedia

In the nal body-of-work chapter | apply the methods of disambiguating locations in W ikipedia devel-
oped in Chapter 5 to alternate language versions of Wikipedia. The distribution of location references
and temporal references between di erent language wikipedias are compared both quatatively and
qualitatively. Models of people's world view are tted to the di erent wikip edias to demonstrate that
all people have much the same sh-eye view of the world.

Chapter 8 { Conclusions

This thesis ends with a summary of the achievements and limitations of the workpresented, and by
identifying a few of the more interesting research questions that there was no the to answer.

1.12 Roadmap

The scope of this thesis is split in half between the body-of-work chapters (Chapter 4{7); the rst two
chapters aim to extract world knowledge from Wikipedia, while the second two @ply the extracted world
knowledge to geographic information retrieval. In Chapter 4, | explore the clasi cation of Wikipedia
articles as a precursor to Chapter 5's more complex task of disambiguating arties as speci ¢ locations.
A supervised approach is taken to article classi cation to maximise recdland to see what proportion of
Wikipedia is classi able within a given con dence. Using the WordNet broad noun classication classes
as a classi cation schema allows one to compare achievable accuracy between thesslecation classes.

Chapter 4 concludes with a case-study attempting to classify tags in Flickr, the ppular photo sharing
web site. Photo corpora such as Flickr and ImageCLEFphoto are of particula interest to geographic
information retrieval as where a photograph is taken is integral to its meaning. The case-study of
Chapter 4 shows that when classifying the class of entities rather than resolvingntities to a gazetteer or
ontology, ambiguity can be considerably reduced; however when disambiguating speci c eities context
based disambiguation is necessary.

Supervised classi cation is discarded in Chapter 5 in favour of heuristic rules fordisambiguating
Wikipedia articles as speci ¢ locations. This is due to the di culty in generating a ground truth and the
presence of various types of geographic meta-data one can take advantage of. Ttieoice and hierarchy
of heuristic rules is determined empirically and benchmarked against nasve baselinenethods.
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The second aim outlined in the Scope, to apply the extracted world knowledge to geogpdic infor-
mation retrieval, is tackled through context based placename disambiguation.In Chapter 7 | return to
classifying entities in a corpus; as | am disambiguating entities as speci ¢ loations rather than classifying
their class, | leave the photo corpus of Chapter 4 to concentrate on the GeoCLEF newspa&p corpus.
Retrieval of newspaper articles is of similar interest to retrieval of photcs as they tend to discuss events
which happened in a speci c place at a speci ¢ time. Newspaper articles have an added compligx as
their scope can cover many disjoint locations and time periods, while a photagph covers an instant in
time at a single location. This added complexity is a double edged sword: as well aadding more noise
to the disambiguation process it provides a far greater context for placename digabiguation. To test
performance on other corpora, in direct evaluation three corpora are considered: éWspaper articles,
Wikipedia articles and a general text collection.

Chapter 7 extends the concept of context to include the location of the author of documents (when
disambiguating locations in a document) and the location of a user (when disambiguing locations in
a query). The Steinberg hypothesis is proposed: that all people have the same v view, considering
closer locations of greater importance than distant ones. An analysis of hovocations are referred to
in di erent language Wikipedia is performed to validate this hypothesis. This analysis is extended to
temporal references to see how temporal and spatial references are related. Applying ti&teinberg
hypothesis to the retrieval process remains future work outlined in Chapter 8.
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Chapter 2

GIR and Wikipedia

2.1 Introduction

The ACM-GIS series of symposia (now ACM SIGSPATIAL) began in 1993 covemg all aspects of re-
search in the area of geographic information systems, speci cally systentsased on geo-spatial data and
the representation of geographic knowledge. In 2004 a GIR workshop was heldrfthe rst time at
SIGIR, covering research in geographic information retrieval, speci cally nformation retrieval systems
and methods that take advantage of the geographic scope of documents (Jones and Ras 2006). GIR
is a fast growing area in the broader IR and GIS disciplines. It involves manyof the methods generally
associated with IR such as searching, browsing, storing and ranking documents well as a series of its
own problems.

This chapter will explore two of the broad areas covered by this thesis: GIR and Vikipedia. We
begin by looking at how GIR has grown from the wider IR discipline, followed ty a survey of GIR itself
and the geographic resources it requires. The second part of this chapter looks at Wikedia and its role
in research and data mining.

2.2 Fom IR to GIR

Information retrieval generally views documents as a collection or \bag" of words. In contrast Geographic
Information Retrieval requires a small amount of semantic data to be preent (namely a location or
geographic feature associated with a document). Because of this it is common iBIR to separate the
text indexing and analysis from the geographic indexing. In this section | cover a fewkey IR concepts
and methods.

2.2.1 Relevance

In the context of IR, relevance is the measure of how well a document ful Is an infornation need. One
can consider two types of relevance:

Subjective: Whether a document ful Is an information need is ultimately a subjective measure
judged by the user. Some work has been done on modelling a user's anomalous state nbwledge
to allow for these subjective judgments (Kuhlthau 1991).
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Objective: Arguably some documents can be considered objectively relevant to an informatio
need, i.e. regardless of the user, the information need will be ful lled. This is partcularly true of
question answering systems for factual questions.

Despite the fact that di erent users would judge relevance di erently, it is often convenient to assume
relevance is independent of the user (van Rijsbergen 1979). Relevance is a key concept to 4Rd one
that separates IR from DB retrieval (as explained in Chapter 1). There are manyways of calculating
relevance. Probabilistic methods calculate the likelihood that a term will appearin a relevant document;
the relevance is the combination of all the matching terms (Grossman and Friede2004). The Vector
Space Model (VSM) is the most widely used method, implemented in the popular Lucerfeand Xapian?
IR systems, the MySQL free text search module (Sun Microsystems 2008) and SphinXRl system for
databases (Aksyono 2008). This is the method | shall concentrate on in this sction.  Geographic
relevance is often treated separately to textual relevance and is covered in detail fer in this chapter.

Vector Space Model

The Vector Space Model was proposed by Salton et al. (1975). Documents and querieeaepresented
as vectors in a multi-dimensional space with one dimension for each term. The relance measure is the
cosine of the angle between the document and query vectors. Salton et al. showed that théSM could
be improved by automatically weighting the terms in a query and that there waslittle di erence between
manually assigned terms and automatically generated terms.

Robertson and Sparck-Jones (1976)'s work on probabilistic retrieval propsed that automatically
assigned weights for terms should vary with the term frequency (tf), i.e. the mmber of times term t
appears in documentD, and the inverse of the document frequency (idf) i.e. the logarithm of the ratio of
the total number of documents divided by the number of documents that contain termt. This weighting
method is known as the tfidf weight.

Further work by Robertson and Walker (1994) led to the BM11 weighting schene, and, in TREC-
3 the BM25 weighting scheme (Robertson et al. 1994), which is considered by any to be the most
successful weighting scheme to date.

2.2.2 Phrases and named entities

Croft et al. (1991) showed that matching manually constructed query phrases to douments can produce
signi cantly better results than a bag-of-words representation, and that automatic extraction of such
phrases gives similarly positive results. More recently these results wenepeated by Liu et al. (2004),
where using dictionary phrases and proper names signi cantly improved over a bag-of-wds model on
the TREC collections. Zhang et al. (2007) went on to show how slight increasesithe accuracy of the
phrase recognition algorithm could signi cantly improve retrieval results.

Liu et al. (2004) identify four types of noun-phrases useful to retrieval: proper-nanes (a.k.a. named
entities) { names of people, places and organisations; dictionary phrases { multi-ard phrases occurring
in dictionaries; simple phrases { a noun phrase of 2{4 words containing no sub noun phegs; and complex
phrases { longer phrases composed of one or more shorter noun phrases. In this thesis are largely
concerned with the improvement to retrieval o ered by named entities.

Performance in formal evaluation is a useful indicator of how a system will grform against the
queries of real users (the merits of formal evaluation will be discussed in nme detail in the next chapter).

Lhttp:/llucene.apache.org/java/docs/
2http://xapian.org/docs/
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Sanderson and Kohler (2004), Gan et al. (2008) and Mishne and de Rijke (2006alysed real user queries
taken from query logs and showed that it is common to want to browse by loction and named entities
as well as terms. Extracting named entities requires an extra level of semantiunderstanding beyond the
bag-of-words model. There are a variety of approaches to this task that range itomplexity; the most
nawe of which is using regular expressions to describe simple patterns of chasters that names, dates
and places might be expected to take, as well as the words that will surround them. Mre complex rules
can be formed by rst running the document through a part-of-speech tagger. Rules can bepecied
using a combination of words and part-of-speech patterns, for example a placename cdulake the form
of the word \near" followed by a noun phrase (Brill 1995; Densham and Reid 208; Croft et al. 1991;
Liu et al. 2004). More complex again are named entity recognition (NER) gstems such as ANNIE,
part of She eld University's GATE toolkit (Cunningham et al. 2001), LingPip € or ESpotter (Zhu et al.
2005). These combine complex rules, language models and gazetteers to extract propemns, resolve
anaphoras (linguistic elements that refer back to other elements) and tag whether theyefer to people,
locations or organisations.

2.3 GIR

Geographic Information Retrieval (GIR) is the area of Information Retrieval concerned with providing
access to information that relates in some way to speci c geographic locatits (Jones and Purves 2006).

Browsing of structured and semi-structured data has been a task in computer science foregrs,
particularly in the eld of DB retrieval, where it is common to have a series of structured elds. Semi-
structured data is also becoming more and more common place: for example, an omdi catalogue may
have structured elds for a product's cost and available quantity but unstructured free-text elds for
a description. The INEX forum, which has set itself the task of evaluating retrieval methods for semi-
structured documents, began in 2001. The motivation of INEX was to encourageesearch that exploited
structured documents and to provide a forum where these methods could be compared (Fuhr et.22006).
Lalmas (2000) describes a uniform representation of structured documents capturindi erent elds and
tree structures.

In 2008 the CLEF evaluation forum adopted the INEX Wikipedia corpus for a Geogaphic Question
Answering task. Allowing the formal evaluation of retrieval in semi-structured documents augmented
with geographic data, examples include \Which Swiss cantons border Germany?" (S#os et al. 2008).

Browsing data by time, location and event has been one of the goals of IR for dedas but it is
only in recent years that necessary resources have existed. Larson (1996)'s semipaper, Geographic
Information Retrieval and Spatial Browsing, identi es the advantages of browsing via location over
traditional query-then-browse methods. In a geographic query the user is able to spegifthat they
require documents related to locations falling within a certain locality. Sandeson and Kohler (2004)
analysed Excite's query logs to discover what percentage of queries submitted to search engine had
a geographical term: they found that 18.6% of the queries in their sample had geogphical terms, a
signi cant proportion of internet searches. The results of Jones et al. (2008and Gan et al. (2008) concur
with that of Sanderson and Kohler (2004), they found 12% and 13% of web queries coritaplacenames
respectively and a staggering 82% of web documents. Mishne and de Rijke (2006¢riormed a similar
survey of Blog queries. They found that 52% of queries and 74% of Iters contained a maed entity.

El-Geresy et al. (2002) describe several di erent methods for representing spatishnd temporal in-

3http://alias-i.com/lingpipe/
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formation. They identify ve browsing categories: location-based, object-based, everbased, functional
and causal. Location-based models involve simply representing where objects ardjis is the simplest
representation for a GIR system. Object-based models represent each object separatelvhere each ob-
ject holds a reference to its state and position. Event-based models extend the objectadel temporally,
where events are represented as the change between states. The functional-model represdintse as a
process from one state to another rather than discrete changes. Finally, causal-rdels explicitly model
the link between cause and e ect.

From the perspective of search agents and the semantic web it would be ideabf documents to be
annotated with meta data by the author (such as associated locations and dates)Unfortunately, the
people producing such documents are often not prepared to annotate them, and there already isis a
vast amount of un-annotated data. This means to e ciently navigate these vast reources, automated
annotation methods are needed.

2.3.1 GIR systems

In the past few years a number of geographic search engines and browsing methods haweh developed.
These include digital libraries such as the Alexandria Digital Library, the Perseus Digital Library and
G-Portal, which annotate objects and documents in their database and provide a mp interface to browse
them (Smith and Crane 2001; Hill et al. 2004; Lim et al. 2002).

The SPIRIT project was a large scale European project running from 2002 to 2006ased at She eld
University with the aim of building a geographic search engine (Jones et al. 2004 The Tumba! project
from the University of Lisbon's XLDB group is a system to add geographicalscope to Portuguese web
pages (Silva et al. 2004; Cardoso et al. 2005). Both Goodleand Microsoft®> are working on their own
large scale geographic search engines; these search engines allow users to sdéargiroducts and services
in a de ned area and are funded by targeted advertisements based on the search query.

Another application of geographic browsing being explored is navigating large pho collections. The
EXIF tags of images can hold time and location meta data added by either the user ba GPS module
built into the camera. Collections can then be made browsable either through a mapriterface or by
typing in text queries. MediAssist from the CDVP group at Dublin City Univers ity allows the user
to browse pictures using a number of dimensions including time, place and even weather by dering
data from the weather station closest to the image's tagged location (O'Hee et al. 2005). Microsoft's
WWNMX project (PlanetEye © since 2007) allows members of the public to upload their pictures to a
huge communal archive browsable with a map interface. Flickr is a popular phto sharing web site;
it is free to share photos although additional services are available througtsubscription. It provides a
map interface’ through Yahoo!'s web map services. Currently, it holds nearly 10 million gegraphically
tagged images.

2.3.2 Placename disambiguation

The problem of placename disambiguation has been approached from many elds including Natal
Language Processing, Topic Detection & Tracking and Geographic InformationSystems. Wacholder
et al. (1997) identi ed multiple levels of placename ambiguity: The rst type of ambiguity is structural

4http://www.maps.google.com
Shttp://www.local.live.com
Shttp://www.planeteye.com/

7 http:/iwww.flickr.com/maps
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ambiguity, where the structure of the words constituting the name in the text are ambiguous (e.g. \North
Dakota" { is the word \North" part of the placename?). Semantic ambiguity is the next level, where
the type of entity being referred to is ambiguous (e.g. \Washington" { is it a pl acename or a person?).
Referent ambiguity is the last level of ambiguity, where the speci ¢ entity being referred to is ambiguous
(e.g. \Cambridge" { is it Cambridge, UK, or Cambridge, Massachusetts?). Placename disambiguation
involves solving multiple levels of ambiguity, either as a semantic interpetation problem or a classi cation
problem.

Placename disambiguation can be considered a classi cation problem similar tohat seen in cross-
language information retrieval (CLIR) or machine translation. In CLI R there is a many-to-many mapping
between a set of words in languag@ to a set of words in languageB ; this is analogous to the mapping
between placenames and locations. As with placename disambiguation this mapping carelunambigu-
ous, for example, English to German, \hippopotamus" becomes \Flusspferd", or anbiguous, for example,
\duck" becomes \sich ducken" (to crouch) or \Ente" (an aquatic bird). The main di erence between
placename disambiguation and other disambiguation problems is there exists an ipticit topological and
geographic relationship between locations that can be exploited for disambigu&n. Gazetteers are gen-
erally used to provide a set of classi cation classes for placenames. Gazetteersedists of placenames
mapped to latitudes and longitudes (Hill 2000).

Placename disambiguation is a sub-task of the more general problem of word sensesainbiguation
(WSD), the automatic assignment of semantic senses to ambiguous words. WSB primarily concerned
with semantic ambiguity. Ide and \eronis (1998) concisely de ne the problem of disambiguation as

\matching the context of the instance of the word to be disambiguated with either information
from an external knowledge source, or information about the contexts of the wal derived
from corpora.”

This captures the two most common approaches to disambiguation, rule-based (or kndedge-driven)

and data-driven (or corpus-driven), which will be described below in the context of pacename disam-
biguation. Additionally | shall describe semi-supervised methods, which cover the werlap between the
two approaches, and commercial systems, which do not release details of their metti®. An extensive
literature review of supervised and semi-supervised methods for placename disambition is provided

at the start of Chapter 6. In Chapter 5, a rule-based method is used to crawl Wikipeda to generate a
co-occurrence model, which is applied as a data-driven method to free text in Chapter 6.

Rule-based methods

The rule-based disambiguation methods apply simple heuristic rules to placename disantpiation. The
most basic disambiguation rules use a specially constructed gazetteer where thereasly a single location
for each placename; these default locations are selected on various criteria includings, population and
relative importance (Li et al. 2003; Clough et al. 2004).

More complex methods of disambiguation de ne a geographic scope for a document. The ggaphic
scope can be based on where the document was published or de ned by tting a minimum bounding
polygon around locations occurring in the document; this assumes locations closegether geographically
will generally occur close together within a document (Rauch et al. 2003; Cardoset al. 2005; Zong et al.
2005). Woodru (1994) proposes a method of polygonal overlay for placenamdisambiguation. Brunner
and Purves (2008) demonstrates that there is a signi cant spatial autocorrelaton between ambiguous
locations, i.e. locations with the same name are more likely to be closgether than randomly selected
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locations. They argue this reduces the validity of distance based disambiguation mébds. Heuristic rules
such as,if a place is mentioned once, until quanti ed again the same [ace will be repeatedly referred to,
allow the scope of documents to conditionally change (Leidner et al. 2003; Gale etl. 1992). Note this
geographic scope can double up as a document footprint (discussed in the next section).

One of the most accurate methods of disambiguation is to look at the contextual nformation in
the 2-5 words preceding and following a placename. A containing entity will often be rantioned (e.g.
London, Ontario ), as will a feature type (e.g. OrangeCounty). Contextual information can provide the
type of geographic location being referred to or imply a relationship with another location. Often these
elements of description are enough to disambiguate a location (Rauch et al. 280 Clough et al. 2004;
Garbin and Mani 2005; Olligschlaeger and Hauptmann 1999). Buscaldi and Ross008b) perform an
evaluation between a map-based approach to disambiguation and a knowledge-based appoh. Their
map based approach attempts to minimise the distance of ambiguous placenames frothe centroid of
a document's scope. Their knowledge based approach maximises the conceptual density in artical
topology tree (discussed later). They found topographically close location$ such as referent locations
| to be more useful for placename disambiguation than physically close locations.

Heuristic rules can be applied one after another, either in a pipeline or an iteratie loop, or the results
of di erent rules can be combined either with weighted voting or probabilistically (Rauch et al. 2003;
Li et al. 2003). The Perseus Digital Library use a complex set of rules to clagfy entities as people or
placenames and a further set to disambiguate semantic meaning (Crane and Jones 2005)

Data-driven methods

The data-driven methods of disambiguation generally apply standard machine learningnethods to solve
the problem of matching placenames to locations. The problem with these methods is thathey require
a large accurate annotated ground truth; if such a corpus existed nasve methods, e.gBayes' theorem, or
more complex methods, e.g. Support Vector Machines, could be applied. Small sets of gired truth have
been created for the purposes of evaluation or applying supervised learning methods small domains
(Bucher et al. 2005; Leveling et al. 2005; Nissim et al. 2004). However, alge enough corpus does not
yet exist in the public domain to apply supervised methods to free text.

Ide and \eronis (1998) describe the problem of data sparseness with respect to WSOhey observe
that enormous amounts of text are required to accumulate enough occurrences of even rekatly common
words. Three approaches are given to counter this problem:

Smoothing. A non-zero probability is assigned to unseen events.

Class-based models. The granularity of the classi cation is decreased by grouping terms into
classes. This method is seen in Garbin and Mani (2005)'s feature classi er wherthe type of
location is classi ed, and Smith and Mann (2003)'sback o classi er where the state or country
is classi ed.

Similarity-based methods. As with the class based methods, the granularity of classi cation is
decreased. However rather than grouping each term into xed classes, each term is groag with
similar terms, creating per-term classes. For example, one could consider not onlyhé context
Cambridge, UK occurs in when constructing a \Cambridge" disambiguater, but the contexts of all
references to locations within a 50 mile radius.
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Semi-supervised (bootstrapping) methods

Semi-supervised techniques are similar to data-driven methods; a smaller annotatecbrpus is required
than for data-driven methods (however at least one example of each ambiguity) and ra additional un-
annotated corpus is used to infer further characteristics of the data (Bucher et al. 208; Leveling et al.
2005). Smith and Mann (2003) train a Nasve Bayes' classi er to annotate texts about the American Civil
war. Garbin and Mani (2005) build a training set by disambiguating placenames wih coreferents. This
training set is then used to learn a decision list using the Ripper algorithm. They chssify the feature
types of locations using surrounding words and properties of the placename as feature€lassifying the
feature type of a placename is often enough to disambiguate it. For example knawng if \Victoria" refers
to a City or State is enough to discriminate between the capital of British Coumbia and the Australian
state.

Commercial Systems (Black Boxes)

MetaCarta provide free placename disambiguation tools via a web API. Their GoParser API provides an
interface to the MetaCarta LocationFinder and GeoTagge®. It takes a document as input and extracts
the locations referenced in the text. The number of documents that can be disambiguatedsilimited to
100 per day, so it has limited use as a method for annotating a corpus and the methodssed are not
published.

In 2006 Google Maps released an API to their Geocoding software. Not as p@rful as MetaCarta's
GeoTagger, Google's Geocoder will provide latitude, longitude and scale when praled with an address.
The Geocoder requires placenames and addresses to be extracted before it processes them solglita
cannot use document context for placename disambiguation.

GeoNames provide a third placename disambiguation API. Their \RSS to GeoRSS" conerter takes

as input an RSS feed, extracts the placenames and returns a GeoRSS output where placenames have

been marked up with latitude and longitude®. This is similar functionality to MetaCarta's GeoTagger.

2.3.3 Geographic indexing

The representation and storage of geographic data is an integral part of Q. The overlapping disciplines
shown in Figure 1.1 have di ering approaches to indexing geographic and temporal da. Below | list
three elds related to GIR and their approaches to indexing spatial data.

Spatial databases. Time and location data have been stored in databases for decades. In
1989 storing these complex data types was recognised as a problem distinct fromosing standard
structured data when the Symposium for Spatial Databases (SSO¥ began (Gating et al. 1999).
The priorities of a spatial database include: dynamics (data must be able to be insrted or deleted),
secondary and tertiary storage management, a broad range of supported opefahs, simplicity,
scalability, and time and space e ciency (Gaede and Gunther 1998).

Before multi-dimensional indexes, multiple dimensions of data were indexed with a sezg of one
dimensional indexes with a single index for each dimension, e.g. a B-Tree. Early muldimensional
access methods, e.g. the K-d-tree and quad-tree, were not optimised for secondary storag@m
agement (Gaede and Gunther 1998). Guttman (1984) proposed the R-Tree as an ecient way for

8http://developers.metacarta.com/api/geotagger/web-s ervice/1.0.0/
9 http://www.geonames.org/rss-to-georss-converter.htm |
10Now the Symposium for Spatial and Temporal Databases (SSTD)
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indexing two dimensional regular data. R-trees allow both polygons and pointsto be indexed.
There are several extensions to the R-tree, e.g. the Rtree or R -tree, that can make updates and
deletion more e cient and alternatives, e.g. the Z- le. However, benchmark tests are yet to show
a single multi-dimensional indexing scheme to be superior (Gaede and Ganther 1998)

GIS. A Geographic Information System is software that provides access to geometlly structured
information based on digital maps (Jones and Purves 2006). The emphasis forlS is to represent
complex geographic data as accurately as possible.

Many GIS take advantage of the e cient speed and storage spatial databasesan o er. However,

these indexing systems require coordinates to be projected onto a at surface. Spherical ellip-

soid indexing systems do not require such a projection. Dutton (1996) proposeshe Octahedral
Quaternary Triangular Mesh (O-QTM) where the Earth is represented as an Octahedron wit each
face hierarchically split into four triangles. The accuracy of O-QTM is similar to that which can

be achieved with a 1:25,000 scale map (about 60m) and allows a singlepresentation for multiple

resolutions of data. Lukatela (2000) capture the surface of the Earth to an egn greater level of
accuracy by splitting the Earth into a Triangular Irregular Network (TIN) . The TIN allows not

only the Earth to be represented at varying levels of detail in a single model but &o elevation to
be represented.

Application driven. The eld of GIR is a largely practical area of computer science. Often simple
solutions that satisfy user requirements will be chosen over more complex sisns because of ease
of use and implementation. The C-Squares index was developed to represent oceanographic alat
where large geographic footprints of varying size and detail need to be represesd, searched and
exchanged (Rees 2003). The C-Squares index works by decomposing the Earth into a fechical
grid. The Earth is initially partitioned into 648 squares, which are recursively partitioned into
quadrants. The C-Squares index does not have many of the advantages of the O-QTM or the
TIN, however, it is easy to conceptualise, implement and use. The advantages of the C-8gres
index are: it can be held in a standard text index, the representations produced for each tmation
are unique and portable, and complex shapes can be represented (polygons with holes,lti-part
objects, concave polygons etc.) (Rees 2003).

GIR has its own requirements of a geographic index and data-representation. There ia trade-o
to be made whether a at representation or spherical representation is adopted. Egenhofeand Mark
(1995) describe the human appreciation of spaces as at, therefore one could argue map-like data
representation would lend itself to ful lling an information need. A at representa tion also lends itself to
being rendered as a map. A spherical representation has the signi cant advantage that eoplex shapes
can wrap across the international dateline or over poles.

GIR diers from GIS in, amongst other things, the style of query. GIR queries tend to be stated in
natural language and vary in the type of geographical phrases and relation used. flere are a combination
of ambiguous relationships (e.g. \near") and exact (e.g. \within 10km™) (Gey et al. 2006; Sanderson and
Kohler 2004). Gey et al. (2006) present a classi cation schema for geographicugries demonstrating the
relationship between subject and location can vary considerably (see Appendix B). Theesults of such
gueries are often required in a ranked list (detailed in the next section) and may needd be combined
with the results of other queries such as textual or temporal results.
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2.3.4 Geographic relevance

An essential part of IR is assigning a relevance score to documents to represent hamell they ful ll a
user's information need. This is done by attempting to emulate how a user would judge alocument
relevant to a query. Section 2.2.1 described how a relevance score can be calculatedddext document
with respect to a query; when calculating geographic relevance the motivation is te same, however
the methods employed are quite dierent. Egenhofer and Mark (1995)'sNaive Geography captures
and re ects the way people think and reason about geographic space and time, both constisly and
subconsciously (analogous to the concept of Nawe Physics). They identify foudgen elements of Naive
Geography including: People assume the world to be at; geographical space and timare tightly coupled,;
geographic information is frequently incomplete; geographic space has multiple oceptualisations and
levels of detail; distances are asymmetric and conceptualised at a local scale; andypblogy is more
important than quantitative distance. There is not currently a consensus about whether it is more
appropriate to split textual and geographic relevance or deal with them both simutaneously (Cardoso
and Santos 2008), however, the majority of systems take the former apprah, and as such, this is what
| shall concentrate on in this thesis. Methods of assigning geographic relevance a@ir on whether they
assign afootprint to documents or consider the locations referenced as a collection of points or polggs.
A document footprint is a polygon or collection of polygons representing althe geographic areas referred
to and implied.

Jones et al. (2008) introduce the idea of a document's objective geographic relevanc®nce a query
has been categorised as a geographic query, more geographically orientated documseran be returned.
They identify the number and type of placenames referenced as suitable indicators to thesgpgraphic-ness
of documents. There are a number of approaches to query-document geographic relevance | thds the
relevance between a query and document with respect to geographic entities | GIR systens can either
use one or a combination of methods:

Footprint methods

There are various methods of de ning the footprint of a document. They generally requirea polygon or
minimum bounding rectangle (MBR) to be drawn around the locations of interest. A query can then
be considered as either a footprint in its own right or as a point (Fu et al. 2005a). If the query is also
considered a footprint, relevance can be considered as the area overlapping between theotwolygons
(Beard and Sharma 1997). Alternatively, the distance between polygons can be easured either by the
minimum distance or distance between centroids (Fu et al. 2005a).

Many systems representing footprints as MBRs keep all rectangles aligned to grid. This has several
advantages including that the footprints can be represented with two points (gposite corners) rather
than four points (every corner), the footprints can be stored and searched mar e ciently in a spatially
aware index, and data for this representation is more readily available (@ahough more accurate and more
complex data is increasingly being released in the public domaft). The main disadvantage with this
system is that dependent on the orientation of locations, the size, shape and reianship between MBRs
can vary signi cantly: in Figure 2.1, MBRs are tted around two sets of po ints. Rotating the points 45
signi cantly changes the relationship between the MBRs.

11 http://code.flickr.com/blog/2008/10/30/the-shape-of -alpha/
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Figure 2.1: An illustration of how orientation can e ect the relationship between MBRs

Distance methods

If a document is considered a collection of points, relevance between the query and eachipt in a docu-
ment must be measured. These relevance judgments must then be combined to give a singkographic
con dence score. More will be discussed about complex methods of combining multiple relevangadg-
ments in the next section, however, in calculating geographic relevance it is commorotsimply take the
location with the greatest relevance score (Hau et al. 2006). If distance ighe sole measure of geographic
relevance employed then the relevance score will be inversely proportional to the stance of the closest
location (Jones et al. 2008).

The simplest method of computing geographic relevance is to use the distance between pts. GIR
systems vary in their distance calculations, some systems project the Earth'surface onto a two di-
mensional plane and apply Euclidean Geometry to calculate distances. Alternatively, he world can be
considered a sphere, or more accurately an ellipsoid corresponding to a speci ¢ datum, argbherical or
elliptic geometry can be applied. In this case distance is considered the length of theegdesic between
two points. In practice, the model or projection used for the Earth's surface m&es little di erence and
is largely a speed-versus-accuracy implementation choice.

A drawback of using absolute distance as a method of calculating relevance, is the humappreciation
of distance is relative (Montello 1992). As previously noted the aim of asigning relevance to documents
is an attempt to model a human user. The human understanding of distance is context dependerdand
asymmetric, people conceptualise distances di erently at the local and global level.For example the
appreciation of the distance between London and Edinburgh varies for a user situatedni New York or
Edinburgh (Worboys 1996). In Chapter 7 we examine how, as the distance increasdmtween a person
and a location, its relevance decreases.

Topological methods

The human appreciation of the relationship between locations is asymmetric anéhconsistent, and as such
does not easily map into a metric space (Egenhofer and Mark 1995; Montello 82). When geographic
relationships are used in queries they are often ambiguous terms such agar or close There are many
ways of estimating these measures: for example the travel times between locatis (in minutes and hours)
or the required method of transport (walking, driving or ying) (Egenhofer and M ark 1995).

One method of modelling how people judge relationships between locations is looking topological
distance. Topology is the qualitative properties of how locations are connected.There are multiple
ways of representing topology and several factors need to be considered. Physitapology and political
topology di er and both are components in judging relevance. For example, the Briish Isles is made
up of two islands: Great Britain and Ireland; politically, the United Kingdom consists of four countries:
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Scotland, England, Wales and Northern Ireland, while the Republic of Ireland is a separi nation. These
overlapping interpretations of topology add to the complexity of modelling ge@raphic relevance.

Vertical topology represents the hierarchical nature of locations. For exampé, Figure 2.2 illustrates
the counties and countries of Great Britain, the hierarchy of which is representedas a connected graph.
If all the locations on the same layer of a vertical topology graph are cosidered tesselating polygons,
for example the counties of Great Britain, and all the locations are considered ndes then a horizontal
topology graph can be generated by connecting all nodes that share a border, see Figu2.2 (Schlieder
et al. 2001).

The distance and overlap between locations found by navigating vertical and horizotal topology
graphs can provide a usable model for how related humans consider locations to be (&ghofer and
Shari 1998). Egenhofer and Shari (1998) and Martins et al. (2006) apply Egenhder and Mark (1995)'s
\Topology matters, metric re nes" premise. Egenhofer and Shari capture the topol ogical relationship
between locations based on thesplitting and closenessof the intersection between polygons. Martins
et al. assign normalised values between 0 and 1 to the vertical topology siiarity, adjacency (based on
horizontal topology), containment (based on vertical topology) and Euclidean distance. The geographic
similarity is then de ned to be the convex combination of these values. Rodrgez and Egenhofer (2004)
represent classes of geographic object in a hierarchy. They de ne the Matching-Distanc&imilarity
Measure, a similarity measure that can be applied to a geographic ontologya measure how similar
geographic classes are.

2.3.5 Combining text and geographic relevance

Generally in IR it is desirable to browse the results to a query in a single rankd list (in the majority of
evaluation forums, this is a requirement). Unless the geographic relevance of a doment to a query can
be assessed independently of the text relevance, this task requires the combination oéggraphic and
text relevance. The combination of di erent ranks is a problem often approached in stuctured document
retrieval. Robertson et al. (2004) propose an extension to the BM25 algrithm that allows scores for
multiple overlapping elds to be combined non-linearly.

Some experimentation has been done with the graphical representation of di erentelevance measures
as an alternative to combining ranks. For example displaying a 3D grid witheach dimension representing
a di erent relevance measure to show the user geographic, temporal and text relevance (hona et al.
2005), or representing di erent relevance measures as bars within a glyph (Beardral Sharma 1997).
However, these methods often have a steep learning curve where users have to learn howrtierpret the
results.

Martins et al. (2006) return a single relevance value as the linear combinatiobetween geographic and
text relevance. Text relevance is calculated using the vector space model with the BM25 ter weights.
Geographic relevance is calculated as the convex combination of three normalised nsses: horizontal
topographic relevance, vertical topographic relevance and distance. Cardoso et a2007) continue this
work testing how multiple geographic footprints can be combined. They compare threemethods of
combining relevance scores: the mean, maximum and Boolean score, where Boolean is egjant to
Itering. They found the maximum and Boolean methods to be best.

Wilkins et al. (2006) examine combining scored lists with a weighting dependent o the distribution
of the scores within each list. Their hypothesis is that cases where the distribuibn of scores undergo a
rapid initial change correlate with methods that perform well. Currently thi s hypothesis has only been

121 would like to acknowledge the Association of British Counti  es for use of their map.
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Figure 2.2: The counties' and countries' of Great Britain horizontal topology and vertical topology. The
gures from left to right show the political geography of Great Britain, t he horizontal topology with
areas sharing a land border linked and the vertical topology with sub-areas linkd. From top to bottom
the gures show counties, countries and landmass of Great Britain. In the topolgy maps areas are

represented as a red dot for their centroid
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applied to image retrieval but it is applicable to all score based data-fusion apptations.

An alternative to a combination of ranks or scores is to lter one rank againg another. A document
cut o value is selected for one rank above which documents are considered relevant argklow which
not-relevant. The other rank can then be Itered against these relevant documents (Overdlet al. 2006;
Vaid et al. 2005; Hau et al. 2006). For example, given the GeoCLEF 2006 gery \Snowstorms in North
America,” documents can be ranked by their text relevance to \Snowstorms." This tex ranking can
then have all documents that do not refer to \North America" Itered out. Fusing geogr aphic and text
relevance is covered in more detail in Appendix B.

2.4 Geographic resources

Geographic browsing requires several tools and resources to make it e cient and stable. The devel-
opment of representations for geographic data is an area of GIR that is currenyl very active. Many

geographical terms and queries represent fuzzy areas, e.g. the American Midwest. Other ggaphical

terms require complex polygons to represent them, e.g. Eurasia (Larson and Frtiera 2004). Zhou and
Jones (2003) discuss in depth the storage of geographical data at multiple restions. There is a trade

o between the accurate representation of geographic areas on one hand and the processispeeds and
implementation and storage costs on the other. Another consideration is the irdrmation available. An

alternative to attempting to accurately represent geographical areas is to assumeach area is a point or
simple polygon.

To allow documents to be automatically annotated with spatial data two resources are needed: an
ontology of possible annotations and a gazetteer of locations. A uniform desitory of geographic in-
formation has been proposed by Zhou and Jones (2003). Three competing XML schenhave emerged:
GPX is the Global Positioning system eXchange format®, developed to transfer geographic information
between devices and over the web. The Geographic Markup Language (GML) was developed the Open
Geospatial Consortium for the modelling, transport and storage of geogaphic information following the
openGIS speci cation'*. Keyhole Markup Language (KML)?!® is the XML format used by Google for
use with their geographic services. The problem of providing a controlled set of ggoaphic annotations
has had multiple approaches: Methods of combining gazetteers have been o ered as a soturti (Axelrod
2003), as have Semantic Web ontologies such as Dublin Core and SPIRIT'sédgraphic Ontology (DCMI
Usage Board 2006; Rodrgez and Egenhofer 2004; Fu et al. 2005b). Howeyehere has yet to develop a
uniformly adopted system of geographic representation.

Gazetteers are an essential part of geographical browsing. Schlieder et al. (2Q0#lentify gazetteers
as a sub-set of GIS systems providing a controlled vocabulary of placenames. Gazetrs are often
treated as thematic thesauri in GIR systems providing a set of possible annotions for documents. Most
gazetteers have some additional information (population, size, feature typeetc.), which can be used to
assist disambiguation. The Getty Thesaurus of Geographical Names (TGN) asgns a unique identi er
to every location making annotations with this gazetteer portable, it contains approximately 800,000
locations (Harping 2000). The most extensive publicly available lists of gographic names (although less
accurate than Getty) are the GNIS and NIMA gazetteers which between them cover approimately 14
million locations?®.

13 http://www.topografix.com/GPX/1/1/

14 hitp://www.opengis.net/gml/

15 http://code.google.com/apis/kml/documentation/
18 http://www.nga.mil/

39



To allow users to browse documents geographically they must be presented with a repsentation
of the Earth that can be used to express their query and browse their results. There & currently
no available copyright-free maps at a high enough resolution of the Earth's wrface to provide such an
interface. However, there do exist enough freely available data to generate mapsnd through NASA's
Blue Marble project, high-resolution satellite images of the Earth are avélable (Stockli et al. 2005).
The Open Street Map Foundation'” are attempting to change the status quo and produce high quality
geographic data in the public domain, but it is a slow process.

An alternative approach to providing users with a map interface is to use oneof the growing number
of Web 2.0 maps available. MapServef was one of the rst applications designed for rendering maps
over the internet. Initially developed by NASA and the University of Minnesota in 1997, MapServer is
an Open Source map rendering package. Rich Internet Applications (RIA) fall under the umbella term
of Web 2.0; these are web applications where much of the processing is performed the client side while
the bulk of the data is held by the server. This is a convenient structure for internet maps. Microsoft
Live is a commercial example of a RIA map. Web APIs are another technology féihg under the Web 2.0
umbrella. Web APIs allow external servers to host maps and geographic data alleing users to download
the images and overlay their own content. Google provide two APIs: Googl Maps and Google Earthi®.
Yahoo! also provide a web APF°. An Open Source alternative to Google and Yahoo! Maps was launched
by MetaCarta in 2006: the OpenLayers project!.

2.5 Wikipedia

The core resource used in this thesis for mining information besides geographic zgtteers is Wikipedia.
This section provides some background to Wikipedia, Wikipedia articles and thecontributers to Wikipedia,
known as Wikipedians.

User generated content (UGC) is a fast growing trend on the Internet (Tapscott and Williams 2008).
These web sites include community sites (such as MySpace), media sharing sites (such¥muTube and
Flickr), blogs (such as Blogger), and wikis (such as Wikipedia). They #low users to contribute their own
content in a virtually unmoderated environment. The number of blogs has risen fom a few thousand
in the late 1990s to tens of millions in 2005 (Mishne and de Rijke 2006).The IR community has only
recently started to take advantage of these new data sources with the Blog trek being introduced to
TREC in 2005, INEX using the Wikipedia collection from 2005 and the \Question Answering using
Wikipedia" track (WiQa) added to CLEF in 2006 (Jijkoun and de Rijke 2006 ; Fuhr et al. 2006).

Wikipedia is the largest reference web site on the Internet. It was launched in 20D as The free
encyclopedia that anyone can edifWikipedia 2008b). Wikipedia is an example ofWiki software, allowing
content to easily be authored by multiple people. The content is collaboratively written and updated
by volunteers (Wikipedia 2008b); it is extremely useful as a resource due to itsige, variation, accuracy
and quantity of hyper-links and meta-data (Kinzler 2005; Nakayama et al. 20@).

Appendix A contains a brief history of Wikipedia, a description of Wikipedia art icles and Wikipedia
in research.

17 http://www.openstreetmap.org/
18 http://mapserver.gis.umn.edu/
19 http://www.earth.google.com
20 http://www.maps.yahoo.com

21 http://www.openlayers.org/
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2.5.1 Wikipedia articles

I will begin this section with some terminology: a Wikipedia page is any web page accessible on the
Wikipedia web-site. These include pages describing categories, templates, users, admington pages,
portals and encyclop dic content. Wikipedia articles, or short articles refer to a subset of Wikipedia
pages of only encyclop dic articles. Each article describes a single unambiguous thenw concept. Unless
otherwise stated references to the English Wikipedia use a November 2006 dump, and references to
other wikipedias, Chapter 7 uses March 2008 dumps.

The content of Wikipedia is guided by the Wikipedia Policies and Guidelines, on a maro level this
includes Wikipedia's ve guiding pillars, while on a micro level, the style, look and tone of individual
articles are governed by Wikipedia's Manual of Style. These are covered in dethin Appendix A.

As every article in Wikipedia is required to have a unique title it is possible to unambiguously
identify and link to articles. It follows, as each article describes a singt concept, concepts can be linked
to unambiguously. It is therefore possible to disambiguate polynyms in aticles by linking them to the
title of the page describing their meaning.

Luwer (2006) identi ed disambiguation within Wikipedia as the mapping from a w ord to an article:
disambiguation of polynyms is accomplished in Wikpedia by a combination ofrequiring every article
to have a unique guessable name and explicit disambiguation pages; resolution gfrnyms is achieved
through a network of redirect pages. The onus is then on a page author (and editors) to correctly link
to intended pages they reference.

Nakayama et al. (2008) identi es the unique-title-for-every-article policy (referred to as \disambigua-
tion by URL") as one of Wikipedia's most notable characteristics. This keeps references to ambiguous
concepts, such as \Apple" that can refer to the fruit or the computer company, semanticaly separate
(the pages are titled Apple and Apple Inc respectively).

2.5.2 Wikipedians

When mining information from Wikipedia, one should consider for a moment thosewho contribute
this information. Referred to as Wikipedians, 6 million users contribute content to Wikipedia articles
(Wikimedia 2008). Wikipedians are essentially anonymous, identi ed by either a user name when logged
in or an IP address otherwise. In the discussion of WikiScanner in the next section wavill see why
people are generally more anonymous when logged in.

Stvilia et al. (2005) de ne four roles agents can take with respect to thelnformation Quality of
Wikipedia:

1. Editor agents:  Agents that add content to new or existing articles.

2. Information Quality Assurance agents: Agents that maintain the information quality of
articles, for example minor edits correcting article formatting, spelling a categories.

3. Malicious agents:  Agents that purposefully degrade articles by vandalism or adding content
known to be false.

4. Environmental agents:  Agents that act on the outside world. These generally cause Wikipedia
articles and the state of the world to diverge but can potentially a ect the opp osite.

Swartz (2006) argues the majority of words contributed to Wikipedia are fom editor agents while
the majority of edits are from information quality assurance agents Burial et al. (2006) observed the
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behaviour of Wikipedians and the changes in Wikipedia over a four year period. The prportion of edits

by anonymous (not logged in) editors varied between 20% and 30%. The number of @dis an article

has follows a Zip an distribution with 7.5% of articles having only one editor, 50% of articles having
more than seven editors and 5% of articles having more than 50 editors. Editer commonly disagree.
There are many causes for disagreement, most commonly di ering opinions or malious editors. Each
article has a dedicated discussion page for resolving such issues where Wikipediarg invited to back

up their arguments with appropriate authoritative sources (Giles 2005). Themajority of actions that are

reverted®? are vandalism (malicious edits). It is considered rude to revert an addition sinply through a

di erence of opinion and can lead to double reverts and progress taevert wars(Burial et al. 2006). 6%
of all edits are reverted, a further 5% of those reverts are further reverted (Burid et al. 2006).

2.5.3 Accuracy

Since Wikipedia forked from Nupedia and discarded the editorial/peer review process ifavour of a wiki
there have been many debates on how accuracy can be maintained. This has led to a numbersbiidies
repeatedly testing di erent aspects of Wikipedia's accuracy, but current debates remain unslved.

The most notable article on this subject was published in the highly respected journal Nature, in
2005 and kicked o a heated debate. Giles (2005) compared Wikipedia and the Encyclopdia Britannica.
They performed a double blind peer review of 42 entries from a cross section of sciént elds. They
found that Wikipedia's accuracy was approaching that of Britannica. 32% more erprs were found in
Wikipedia than Britannica, however the articles were generally longer. Britannica published a damning
open letter in rebuttal to this article entitled \Fatally Flawed" attacki ng the methods used in the study
and the presentation of results (Encyclop dia Britannica Inc 2006). Nature responded refusing to retract
the article, defending both the methods used and the presentation of results (Nature 2I6).

Wikipedia has come under further attack since the launch of WikiScanner, a website that mps
from companies and organisations to the Wikipedia articles they edit via IP-rangs (Gri th 2007). By
analysing the anonymous edits in Wikipedia it is possible to see people editinyVikipedia pages with
which they have a conict of interest. Evidence was found of employees of Diebold inc anthe Church
of Scientology removing criticism from their pages, and employees of Microsofidding that MSN search
was a major competitor to Yahoo! and Google (Gri th 2007).

Despite Wikipedia's obvious popularity, the information it contains comes without authority. Jimmy
Wales discourages its use in academic work: \For God sake, you're in collegdon't cite the encyclopedia,”
and advises caution: \It is pretty good, but you have to be careful with it" (Young 2006). Waters (2007)
provides a similar view, criticising Wikipedia as a primary source, instead pomoting it as a good place
to nd further reading. Many of Wikipedia's critics argue an encyclop dia requires an editor and the
open source model is not appropriate (Waters 2007; Giles 2005; Encyclop dia Btannica Inc 2006).

Stvilia et al. (2005) attempt to indirectly statistically measure the Information Quality (IQ) of
Wikipedia. The motivation for this is if articles are given an IQ measure, it can aid peoples deci-
sions when acting upon those articles. They propose 19 measures based on articletmdata, which
are combined to form seven metrics measuring article 1Q. These metrics are Authdy, Completeness,
Complexity, Informativeness, Consistency, Currency and Volatility. They found a huge variation in the
quality of articles. Using a sample of Featured Articles and randomly selected icles, they found using
meta-data alone it was possible to classify articles as low or high qudji with an accuracy greater than
90%.

22 A revert is a one click undo of another user's edit
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The accuracy of relational statements between named entities and links from one &cle to another
within Wikipedia was tested by Weaver et al. (2006). They found these links and elationships to be
accurate over 97% of the time. As in Chapter 6 | use Wikipedia as a corpus for supeised placename
disambiguation, the accuracy of the corpus provides a ceiling for the accuracy achievableylthe classi er
using it as training data.

2.5.4 Mining semantic information

From the early stages of Wikipedia's growth people have tried to extract dda that a computer can
understand We de ne understand as being able to infer additional information from an article beyond a
simple bag-of-words. This section will provide an overview of attempts to inér meaning from Wikipedia
articles. Sub tasks of assigning a semantic category to a Wikipedia artiel and disambiguating Wikipedia
articles as speci c locations will be discussed further in Chapters 4 and 5.

Wikipedia's suitability for data mining was evaluated in Kinzler's paper WikiSense | Mining the
Wiki, where the use of the highly formatted template data and links between articles werdighlighted as
particularly useful. They suggest it should be possible to classify pages, exct properties from pages,
and extract relationships between pages. They also suggest that it should be pob# to cluster pages
based on Wikipedia's hyper-linked structure (Kinzler 2005). More recently, this topic was examined by
Nakayama et al. (2008). They identify ve aspects of Wikipedia that are particularly useful for data
mining: unique article titles, anchor texts, live updates, the link structure, and the link types. They
also identify a number of applications of mining Wikipedia including thesaurus generaion, word sense
disambiguation, ontology construction and bilingual dictionary construction. M edelyan et al. (2008)
provide a more in depth review of miningmeaning from Wikipedia. We further explore these applications
in the body-of-work of this thesis.

The lack of machine readable meta-data in Wikipedia is a signi cant problem for people wishing
to mine world knowledge; in fact, Chapters 4 and 5 of this thesis are dedicated to tls. The SemWiki
workshops began in 2006 to discuss issues on this speci c problem. Current opinide split whether
alternative machine readable UGC resources should exist (Semantic-Wikis), whetheWikipedia should
be augmented with machine-readable data (Kinzler 2005; Kmtzsch et al. 2005) owhether current data-
mining techniques should be improved to a point where we can extract machine-readable tha from
information designed for humans. In this thesis | shall concentrate on extractg information from the
human centered resource, Wikipedia.

Extracting relations and facts from Wikipedia

There are a multitude of approaches for extracting relationships from Wikipedia Kinzler (2005) pro-
poses that relationships between articles could be extracted from Wikipedia categries. Gabrilovich and
Markovitch (2007) describes a method to measure the relatedness between Wikipedarticles, terms and
text by looking at the distance between articles in a vector space. Strube and Ponzett¢2006) propose
a similar method comparing the body text of articles and additionally using Wikipedia's category tree
to compare the relatedness of articles. Nakayama et al. (2008) propose thaternal link structure as a
measure of topic locality. Weaver et al. (2006) propose relational staments in addition to internal links
as suitable for mining relationships and useful for named-entity recognition.

Suchanek et al. (2007) extract a variety of semantic relations from Wikipeda. Similarly to Strube
and Ponzetto (2006), they use the category structure of Wikipedia: relations ae extracted from the
category name. In addition to categories, redirects and internal links are used. Theategory tree of
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Wikipedia is discarded as being too inconsistent. Instead, Wikipedia categoriesra mapped onto the
WordNet ontology to allow further inferences.

Auer and Lehmann (2007) extract relational statements from the structured data in article templates
and store them as RDF statements. This provides a queryable database of over 8iltion entries, which
provides the foundation of the DBpedia project (DBpedia 2008). DBpedia links otherprojects mining
Wikipedia, e.g. Yagc?®, and dozens of other free data sources such as digital libraries and gazetteers.
Powerset* is a commercial company extracting similar data to DBpedia. They extract what they term
factz from Wikipedia pages: subject, object, relation triples.

2.6 Discussion

To conclude this chapter | will touch on where Wikipedia has overlapped GIR. This wil be revisited
in Chapter 5. Two projects are currently underway allowing users to geographicallytag Wikipedia:
The WikiProject Geographical Coordinates (known as WikiCoords) (Wikipedia 2008a) and Placeopedia
(Steinberg 2008). WikiCoords is integrated into the Wikipedia site and allows people to add geographic
coordinates to any page. Placeopedia is a Google Mapwashup allowing people to locate Wikipedia
articles on a google map (Steinberg 2008). In academia Buscaldi et al. (26)) Silva et al. (2004), Hau
et al. (2006), and Overell and Rager (2007) use Wikipedia to generate a gazetteggeographic ontology
and for geographic query expansion.

Despite controversy regarding its validity, Wikipedia is an excellent exampk of a huge hyper-linked
corpus of textual descriptions in the public domain (Wikipedia 2008b; Medelyan et al.2008). While the
debate is still being fought on its validity as a reference resource, | think due to i$ surge in popularity
over the past few years the general public have made up their mind. For the purposes of thithesis |
analyse Wikipedia's links and meta-data, for which the accuracy is more than s cient (Weaver et al.
2006).

This thesis contributes to the already a substantial body of work covering bothGIR and Wikipedia.

23 http://mpi-int. npg.de/~suchanek/downloads/yago/
24 nttp://Iwww.powerset.com/
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Chapter 3

Evaluation and metrics

3.1 Introduction

This chapter outlines the evaluation frameworks and measures used in this thesis. e experiments per-
formed cross the divide between retrieval and classi cation, and as such use a conntaition of evaluation
measures. This chapter starts by describing the standard IR evaluation framewd¢ and the corpora used,
this is followed by a description of the evaluation measures used and statistal tests performed.

3.2 Evaluating IR systems

The experimental evaluation of IR systems is a subject that has received a lot ohttention over the
past 40 years. IR systems are inherently designed to ful | a user's informationneed; testing how well
this subjective judgement has been ful lled is not an easy task. Cleverdon et al. (186) proposed the
Cran eld methodology and six measurements. The Cran eld methodology involves a tandard triple of
a corpus, queries and relevance judgement<( Q; R) to be provided allowing di erent IR systems to be
compared. The corpusC is a collection of documents, the querie® a set of requests for information, and
the relevance judgementsR a set of documents from the collection that ful | each information request.
Cleverdon et al.'s measurable quantities are: coverage of the collection; timi&ag between the search
request and answer; form of presentation; user e ort to ful | their information need; recall (proportion of
relevant material that is retrieved); and precision (proportion of retrieved material that is relevant). van
Rijsbergen (1979) identi es the rst four quantities as easily measurable; precsion and recall measure
the e ectiveness of a system and are discussed further below.

3.2.1 Evaluation forums

Evaluation forums are now becoming the accepted method of evaluating IR systemsThe Text REtrieval
Conference (TREC) laid the foundation for modern evaluation forums. All of the current evaluation
forums follow the Cran eld model providing a corpus and set of queries. The relevance judgments are
generally not provided until after every group participating in the forum have submitted judgements
(Agosti et al. 2006). Pooling was rst used as a method of generating relevancpidgements by Harman
(1992); pooling is where a subset of documents returned by all the IR systems beingvaluated are
assessed with respect to the query by experts, rather than assessing the whole pos.
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Since TREC began in 1992 a series of other evaluation forums have started, masotably: the NII-
NACSIS Test Collection for IR systems (NTCIR) workshop in 1999, the Cross Language Evaluation
Forum (CLEF) in 2000, and the INitiative for the Evaluation of XML r etrieval (INEX) in 2001. In
2003 the TREC Video track became its own independent workshop, TRECVid. Evaludion forums are
generally split into a series of tasks or tracks (Agosti et al. 2006).Tracks that stop producing interesting
results are discarded, while new tasks are added for emerging areas (Mishne and dekrij2006).

Word sense disambiguation has a similar culture of evaluation. In 1998 the Sefsal' series of
workshops began concentrating on annotating words with their semantic sensesnpd more recently with
SemEval, semantic relationships. The Special Interest Group on Natural Languge Learning's conference,
CoNLL?, began an evaluation task in 1999 evaluating often specialist tasks ofatural language processing
(NLP). Similar to the IR evaluations, WSD and NLP evaluations tend to be split into a number of tasks
across a number of tracks. The rst notable corpus used for word sense disambigtian was the Semantic
Concordance (SemCor), constructed by Miller et al. (1993).

The track of greatest relevance to this thesis is the GeoCLEF track at the CLE- forum, which is
speci caly designed for the evaluation of GIR systems. Other tracks that have beerproposed for GIR
evaluations include the TREC Robust track (MacFarlane 2006), the TREC Novely Track (van Kreveld
et al. 2004), and the ImageCLEFphoto track (Clough et al. 2006b).

The ImageCLEF photo track is of particular interest to Geographic Retrieval because it is inher-
ently geographic in nature. Since 2006 ImageCLEFphoto has used the IAPR-TC12 corpusontaining
20,000 colour photos with associated meta-data supplied by Viventura, a holidacompany (Clough et al.
2006b). As the images are all travel photos the locations that the pictures werdaken in is integral
to these multimedia documents. There are 60 queries with relevance judgements including 24queries
with geographic constraints. The reason | have decided not to use this collectionct evaluate placename
disambiguation is because this thesis focuses on placename disambiguation basedtertual context,
and the context provided by these documents is too small (Overell et al. 2008a).

In an ideal situation one would test each component of a system against a maially constructed
standardised ground truth and the whole system in a formal IR evaluation seting. Unfortunately, for
most of the experiments conducted in this thesis such ground truth does not exist. In Gapters 4 and
5, | construct my own ground truth by manually annotating Wikipedia articles. Leidner (2004a) and
Clough and Sanderson (2004) recognised that a uniform ground truth was needed to compaplacename
disambiguation systems; currently, one does not exist. Chapter 6 describes how | camngct such a
ground truth using other annotated corpora. Formal evaluation of the whole system is performed on the
GeoCLEF corpus in Chapter 6.

GeoCLEF

GeoCLEF is the Geographic track at the CLEF forum for comparing IR systemsaugmented with geo-
graphic data. It is becoming the de facto standard for evaluating GIR systems.The GeoCLEF 2005-08
English corpus consists of approximately 135,000 news articles, taken frothe 1995 Glasgow Herald and
the 1994 Los Angeles Times (Gey et al. 2006). The total corpus contains appraxiately 100M words.
There are 100 GeoCLEF queries from 2005-08 (25 from each year). These topiasee generated by
hand by the four organising groups. Each query is provided with a title, descripton and narrative.
The title and description contain brief details of the query, while the narrative contains a more detailed

http:/iwww.senseval.org/
2http:/fifarm.nl/signll/conll/
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| [ Correct / relevant | Incorrect / irrelevant |

Classi ed as correct / retrieved true positive (TP) false positive (FP)
Classi ed as incorrect / not retrieved false negative (FN) true negative (TN)

Table 3.1: Contingency table

description including relevance criteria (Gey et al. 2006). The 2005 queries have additnal elds for
concept, spatial relation and location. However these elds were discarded in later yea as unrealistic
and as such are not used in this thesis. Classi cation of the GeoCLEF queries @discussed in Appendix B.

SemCorr and WordNet

SemCor took the previously existing Brown Corpus, a general text collection consticted in the 1960s
containing 500 documents and totalling approximately 1M words, and mapped everyword to the corre-
sponding semantic de nition (synset) in WordNet (Francis and Kucera 1979; PrincetonUniversity 2008).

WordNet is a publicly available English lexicon. 155,000 words (lemmas) & mapped to 118,000
synsets (a many-to-many mapping), each synset representing a distinct concept. Synsetseasplit into
45 semantic categories. Semantic categories are classi ed further by part-ofpeech into adjective, adverb,
verb and noun classes (Fellbaum 1998). WordNet also contains extensive inforrtian on the relations
between synsets including antonym, hyponym, instance etc.

The 25 WordNet noun semantic categories are used as classi cation classes forikipedia articles in
Chapter 4. Instances of the location semantic category are disambiguated as gesponding locations
in the TGN in Chapter 6, turning SemCor into a geographically tagged corpus. This b the same
task approached by Buscaldi and Rosso (2008c), who have released a mapping of \Alet synsets to
geographic co-ordinates: GeoWordNet.

3.3 Evaluation measures

Early evaluation measures for retrieval and classi cation were based on the atingency table, see Table
3.1 (van Rijsbergen 1979). These measures were based on binary classi cation unordered retrieval.
Contingency table based methods can be applied to ranked retrieval by xing a document cut-ovalue
(DCV). This forces every method to return the same number of documents and treats esry document
above the DCV equally. Hull (1993) criticises using a single DCV method and sggests multiple values
should be considered.

This section begins by examining contingency table based methods of evaluation commly used in
classi cation, followed by score based methods of evaluation preferred for reigeval experiments.

3.3.1 Binary classi cation and unordered retrieval

A contingency table gives an overall picture of results but is generally broken downtufrther into measures.
Cleverdon et al. (1966)'s measures of precision and recall attempt to capture the ectiveness of a retrieval
system. Both measures rely on the assumption of relevance (detailed in Section221) | that there is

a binary measure as to whether documents are relevant or not. Precision is the proption of retrieved

documents that are relevant. Recall is the proportion of relevant documents thatare retrieved:
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TP

precision = TP+ FP (3.1)
TP
recall = TP+ EN (3.2)

Generally, both precision and recall have to be taken into account as there is arade o between the
two. If the threshold at which documents are considered relevant is increased, fewer docuents will be
retrieved, precision is expected to rise and recall expected to fall. Converselyf the threshold at which
documents are considered relevant is decreased, more documents will be retrieved, recalll wise and
precision fall.

There are many ways to combine precision and recall into a single measure thatlaws the comparison
of di erent IR systems. Dependent on the task and evaluation di erent measures areviewed as more
appropriate. Commonly in retrieval tasks a ranked list will be returned as aresult of each query, in
which case aranked-retrieval measure may be more appropriate (discussed in the next section). However
when the retrieved set is not ranked it is common to use the F-measure.

The F-measure is the weighted harmonic mean of precision and recall. Traditiondf, the F; measure
is used where both are equally weighted. This is calculated as

_ 2 precision recall (3.3)
1™ “precision + recall '

Generally in retrieval evaluations, measures are chosen that put more emphasis othe retrieval
and relevant sets of documents, while in classi cation-evaluations equal emphasis iput on the objects
classi ed both correctly and incorrectly. The most common measures for binary clasi cation tasks are
accuracy, the proportion of correctly classi ed documents, and its complement errorate:

accuracy = TP+ TN ; (3.4)
Y TP+FP+FEN+ TN’ :
FP + FN
error-rate = TP+ EP+EN+ TN (3.5)
accuracy + error-rate = 1: (3.6)

Note there is a grey area between retrieval and classi cation, and it is often uncleawhether to put
more emphasis on the classi ed set or the whole corpus. Of course, unless methods are legloor the
whole corpus is evaluated, only the retrieved/classi ed set of documents can be evaluatedlhe accuracy
of this set is equal to the overall precision.

3.3.2 Scored classi cation and ranked retrieval

It is common for IR systems to return a ranked list of results rather than assigning documents as relevant
or not relevant. This is what users have come to expect from search engines (such @ogle or Yahoo).
Intuitively it makes sense that some documents will be more relevant to anniformation need than others.
Precision at n (P@N) is a measure that models how a system is used. It can be assumed that in

a real system a user will not trawl through page after page of results lookindor a relevant document
(iProspect 2006). It is assumed a user will only look at the rstn documents (wheren is 5, 10, 20 etc...);
the precision is calculated after the rst n documents. P@N is limited as a comparator, as it varies
signi cantly with the number of relevant documents and the selected value ofn.

48



Average precision (AP) is a measure that attempts not to penalise systems for setting the relevace-
required-for-acceptance threshold too high or too low. It relies on systems being abto quantify relevance
and rank documents by their relevance. AP is the average of precisions computed at each eghnt
document rank:

Pr Precision(r;)
i=1 7.
R ;
whereR is the number of relevant documents, and; is the rank of the ith relevant document. Precision(r;)
is the precision at rankr; and the precision of not-retrieved documents is set to zero. Average precision
can be viewed as the P@N value averaged across the ranks of the relevant documerfsr a more detailed
description of AP cf. Voorhees and Harman (1999).

F-measure, P@N and AP all provide a single per-query e ectiveness value of an IR sysh. However,
it is common in evaluation forums to represent the e ectiveness of a system executedceoss all queries
with a single number (making comparing systems as easy as possible). Theithmetic mean is the
most common method of combining per-query results. The arithmetic mean of the avexge precision
(short mean average precisionor MAP) is the major evaluation measure for IR systems that produce a
ranked set of results. Critics argue the geometric mean of the average precisigshort geometric average
precision or GMAP) is a more appropriate measure as it biases against systems withigh variability
(Voorhees 2005). This re ects users' preference for systems with consistent perfmance. In practice
systems with a high MAP are likely to have a high GMAP.

Evaluation forums are a driving force behind the development of IR systems. Thérec _eval software
developed for the TREC evaluation processes sets of relevance judgements and rankedulesto provide
the de facto evaluation measures with MAP being the most commonly quoted (Vodnees and Harman
1999).

Classi cation has an equivalent measure to AP designed not to penalise systentbat set their clas-
si cation threshold too low: the Equal Error Rate (EER) is the error rate at the point where FP = FN
and is found by varying the acceptance score. Commonly the arithmetic mean of the EE for a system
will be reported.

AP = (3.7)

3.4 Statistical testing

Statistical testing is required in empirical evaluations to test the probability that the observed results
could have occurred by chance. By calculating a test statistic it is possible tonterpret how signi cant

the results are. In classi cation it is common to perform per-object signi cance testing, while in retrieval

it is more common to look at per-query results. These are quite di erent scenans but involve similar
data and similar assumptions.

Hull (1993) provides a summary of statistical tests applicable to IR with their relevant bene ts and
assumptions. The Sign test, Wilcoxon Signed-Rank test and the Student's t-test are desityed for com-
paring two IR systems. The Student's t-test is the most powerful of these testshowever it is a parametric
test assuming a normal distribution. The Wilcoxon Signed-Rank test is less restigtive assuming only a
continuous distribution, while the Sign test makes no speci ¢ assumptions. van Rsbergen (1979) argues
the only valid statistical test in IR is the Sign test as precision and recall are discrete measures. Hull
argues that as the sample size increases, although strictly speaking the t-testassumptions are not met,
it provides a useful approximation for computing a test statistic. When interpreting results in these
circumstances, the fact that the test statistic is only an approximation must be considered, for example
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the test statistic can be compared to a lower value.

Hull (1993) proposes that the Student's t-test can be applied to IR despite its asgmptions not holding.
| agree with this premise, but given the relatively small sample sizes of queriegsed in the collections in
this thesis (see Section 3.2.1), | prefer to err on the side of caution and will usthe Wilcoxon Signed-Rank
test when comparing two retrieval methods. Intuitively | nd it hard to justify t he use of parametric
tests in retrieval experiments. When testing classi cation experiments for $gni cance a rank will not
be produced, so the Sign test will be the most appropriate test. The Student's t-test $ only applied
in Chapter 7, where large samples of data approaching a continuous distribution r@ compared. The
application of all these tests are described below.

While the Wilcoxon Signed-Rank test is applicable when comparing two ranks, it is notappropriate for
comparing multiple ranks. This is because as the volume of pairwise comparias grow the probability
of achieving a signi cant result increases. Hull (1993) suggests two tests inhiese circumstances: the
ANOVA test and the Friedman test. The ANOVA test is parametric and more pow erful. In contrast,
the Friedman test is non-parametric and has more relaxed assumptions. In this thés, tests across
multiple comparisons only occur where the Wilcoxon Signed-Rank test's assumptions armet; because
of this, | shall use the corresponding test for multiple comparisons: the Friedma test.

3.4.1 The Sign test

van Rijsb