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Chapter 4

Scope resolution

[Parts of of this chapter are published in Andogah et al. (2008).]

The geographical scope of a document refers to the geographical region or area
for which the document is geographically relevant. Geographical scope reso-
lution is therefore the process of automatically assigning geographical scopes
to a document.

Every document has a target in terms of the theme or geographical cov-
erage. The theme or geographical coverage may explicitly be defined in
the text or implied. For example, an article on peace talks between Israel
and Palestine can be considered to have the theme ‘Peace’ and geographical
coverage or scope ‘Israel and Palestine’. Identifying the theme or/and ge-
ographical coverage of a document can aid categorization of documents by
theme or/and geographical coverage. The information about the theme or
geographical coverage of a document can be exploited to semantically retrieve
information by theme or geographical coverage. The resolution of the theme
or geographical coverage of a document is not trivial as documents may refer
to many themes and geographical areas. This chapter discusses strategies to
automatically determine the geographical coverage or scope of documents.
The following research objectives are addressed in this chapter:

1. How can place names, geographical adjectives (i.e., adjectives referring
to people and places) and names of people be used to automatically
determine the geographical coverage or scope of documents? [Question
of algorithm.]

2. How best to compare the performance of scope resolution systems?
[Question of binary vs. non-binary evaluation metric.]
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50 Chapter 4. Scope resolution

3. How well do automatically determined geographical scopes or coverages
of documents compare to human assigned scopes? [Question of gold
standard evaluation.]

A geographical scope resolution (GeoSR) task involves assigning a ge-
ographical area or coverage to a document by exploiting the geographical
information1 (GI) found in the document. Candidate geographical informa-
tion clues for GeoSR include:

1. Names of places, e.g., Amsterdam, Rotterdam, Netherlands, etc.

2. Adjectives referring to places or people, e.g., Dutch, German, British,
etc. Combination of place or person adjective with certain keywords
can help in inferring the scope of a document. For instance the phrase
the Dutch Government or the Dutch Prime Minister is a strong indi-
cator of the geographic scope of the Netherlands.

3. Names of people, e.g., De Jong, De Vries, Baraka, Amani, etc. The
names of people especially, the names of very important persons (VIPs)
such as political leaders provides a very strong clue to the geographic
coverage of the document. For instance, spotting the name Barack
Obama in a document is a strong evidence for the scope of the United
States.

4. Names of organisations, e.g., Shell, Philips, KLM, ABN AMRO, etc.
The knowledge about the origin of an organisation can be used as an
indicator of the geographical scope of the document.

5. Language, e.g., Kiswahili, English, Chinese, Dutch, etc. The language
of a document is a clue about its target audience and therefore its
geographical scope.

4.1 Resolution with place names

This section describes strategies used to answer the research objective – How
can place-names and geographical adjectives (i.e., adjectives referring to peo-
ple and places) be used to automatically determine the geographical coverage
or scope of documents? [Question of algorithm]. The strategy is grounded

1Geographical Information (GI) - is information about objects or phenomena that
are associated with a location relative to the surface of the Earth. [16 October 2009:
Association of Geographical Information http://www.agi.org.uk/default.asp]
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on the assumption that places of the same type or under the same adminis-
trative jurisdiction or adjacent-to each other are more likely to be mentioned
in a given discourse unit.

4.1.1 Approach

The geographical scope resolution (GeoSR) approach reported in this thesis
exploits the frequency of occurrence of place names in a document, geo-
graphical adjectives, place types (e.g., country, city), importance of a place
based on population and place type, and vertical (transitive parent-of/child-
of) and horizontal (adjacency or neighborliness) relationships. We further
experimented with names of political leaders to resolve geographical scope of
documents in Section 4.2.

Figure 4.1 shows geographic terms found in three news articles with scopes
Mexico, Thailand and Australia, and Uganda (see Appendix A.1, A.2 and
A.3 for the three story articles). The stories A.1 and A.2 are authored
by the Reuters reporters, Reuters being an international news media house,
whose stories are generally assigned scopes at the country level. On the other
hand the story in A.3 is assigned the scope of Entebbe by the local news
media houses in Uganda. The international and local news media houses
tend to assign geographical scopes at different levels, i.e., one ignores local
scopes and the other ignores international scopes.

We can identify more geographical scopes or coverages for the three ar-
ticles (see Fig. 4.1 ) than scopes assigned by the authors. Geographically,
article A.1 (top) covers Mexico, USA and Brazil ; article A.2 (middle) covers
Thailand and Australia; and article A.3 (bottom) covers Uganda, Burundi,
Somalia, South Africa, India, Russia, and Ukraine. A system that can assign
geographic scopes at all possible scope levels would make the stories available
to a wider geographical coverage, and hence wider reader community.

The geographical maps in Figure 4.2 and Figure 4.3 (on page 53 and 54)
show the geographical coverage of stories A.1 and A.2, and A.3 respectively.
We would like to be able to answer questions like How Mexican is the story in
article A.1? or How Australian is the story in article A.2? Answers to these
questions can help rank documents based on geographical constraints in the
user queries. For example, a document which is more Mexican in a given
subject (e.g., economics) should rank higher than a document which is less
Mexican on the same subject (e.g., economics). How Mexican a document
is can be determined by resolving the geographical scope or coverage of a
document. The geographic scopes assigned to documents can also be used to
electronically distribute (i.e., make available) documents to target regions.
For instance, we should be able to make article A.1 available to Brazilian,
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MEXICO .............. Mexican ..........

................. Mexican ..............

MEXICO CITY

Mexico ............Mexican .............

.............Mexico.......... New York..

Mexico...................U.S ...........

.............Mexico..............Mexican

Mexico City...........U.S...............

.............Mexico City..........Brazil

South American........Mexico............

THAILAND Thais........Australian .......

BANGKOK

Thailand ...............Australian .....

............Bangkok.............Victoria

Klongprem...............Thailand........

............Westerners.......Australians

Thais...................Klongprem.......

Document: A.1
Scopes: MX

Document: A.2
Scopes: TH, AU

Lake Victoria...........................

Uganda..........Lake Victoria...........

Somalia....Entebbe International Airport

...........Uganda.........Burundian.....

Ugandans.......Indian......South African

........Russian.......Russians..........

Ukrainians.....Uganda.......Burundi.....

...........Somalia................Africa

Document: A.3
Scopes: UG

Figure 4.1: Geographic terms in articles appendix A.1, A.2 and A.3.
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Figure 4.2: Geographical scopes of article A.1 (top) and A.2 (bottom).
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Figure 4.3: Scope of plane crash in Lake Victoria in March 2009.
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Mexican and U.S.A sites automatically after scope resolution.
The places mentioned in the three articles participate in one of the follow-

ing relationships with each other: part-of relationship, contain-by relation-
ship, adjacency or neighbourliness relationship and feature type relationship.
For example, Mexico is contained in Central America, is adjacent to United
States of America; Mexico City is contained in Mexico; Mexico and United
States of America share feature of type country. We can therefore, assume
that when authors of articles describe events in a given geographic area or
scope, they tend to mention places that share one or more of the relationships
mentioned above. The geographical scope resolution approach described in
this Section is grounded on Assumption 1 derived from the above observation.

Assumption 1 Places of the same type or under the same administrative
jurisdiction or adjacent-to each other are more likely to be mentioned in a
given discourse unit. For example, a discourse mentioning ‘The Netherlands’
is more likely to mention places of the type country (e.g., United Kingdom,
Uganda) or places under the jurisdiction of ‘The Netherlands’ (e.g., Ams-
terdam, Rotterdam) or places adjacent to ‘The Netherlands’ (e.g., Belgium,
Germany).

To verify the assumption, six types of reference or model geographical
scopes are defined – three at administrative division level (e.g., Uganda,
Province of Groningen, State of California, etc.) and three at a directional
level (e.g., north west of Uganda, east of Groningen, etc.). The scopes at
the administrative level are confined to the level of continent, country and
province. The directional scopes are confined to the level of continent (e.g.,
western Europe), country (e.g., north east of Netherlands) and province (e.g.,
north of Groningen). In this dissertation, the term province is used in a
broader sense to refer to the first order administrative unit of a country e.g.,
states in United States of America, provinces in The Netherlands, districts
in Uganda, etc.

Each geographical scope is organised around the model shown in Fig. 4.4,
which is a pictorial depiction of the scope resolution assumption (see Assump-
tion 1). The hollow diamond head arrows indicate part-of relation, and line
head arrow indicate the neighbor relationship. The target-region (also called
the target-scope) is the geographical scope or area being described by the
dataset. The target-region can have one and only one parent-region. A neigh-
bor shares the same parent-region, common border and feature type with the
target-region. The child-region (also called the primary administration di-
vision) and primary-cities are direct descendants of the target-region. The
child-child-regions and secondary cities are the secondary administrative di-
visions and cities in the primary administration division. The smallest-cities
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parent-region

target-region neighbors

primary-cit ieschild-regions

smallest-cit ies

secondary-cit ieschild-child-regions

Figure 4.4: Data model for geographical scope modeling.

are cities found both in the primary and secondary administrative divisions. 2

The parent-region shares a one-to-many relationship with the target-region
and the target-region’s neighbor; the target-region shares a one-to-many re-
lationship with its immediate neighbor, child-region and primary-city ; child-
region is in one-to-many relationships with the child-child-regions, secondary-
cities and smallest-cities ; and child-child-region shares one-to-many relation-
ship with primary-cities and smallest-cities.

The contribution of each geographical unit or region in Figure 4.4 to the
target-region’s scope definition differs. For example in Figure 4.5, Amster-
dam, Rotterdam and The Hague contribute more to the definition of the
Netherlands than other cities in the Netherlands. This contribution repre-
sents the importance attached to an entity in resolving the target-region’s
geographical scope. Through experiment or expert knowledge a weight is
attached to each geographical entity in Figure 4.4.

The term city as used here has a broader sense referring to any of the
following municipalities: city, town or village. Figure 4.5 shows the reference
scope model for the Netherlands demonstrating how the geographical scope
modeling data structure in Figure 4.4 is populated. To determine the geo-

2The terms primary administrative division and secondary administrative division are
used in the context of the target region or scope. For example, the Dutch Province of

Groningen is a primary administrative division in the scope of the Netherlands, but a
secondary administrative division in the scope of Europe.
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Belgium
Germany

Netherlands

Europe

Amsterdam
Rotterdam
The Hague

etc.

North Holland
South Holland

Groningen
etc.

Delft
Leiden

The Hague
Rotterdam

etc.

Delft
Gouda
Leiden

etc.

Boskop
Hil legom

Lisse
Vlist
etc

Figure 4.5: Sample data model for scope of the Netherlands.
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graphical scope of a document, terms that refer to locations such as place
names and adjectives (referring to location and people) are extracted from the
document. The extracted information is mapped against reference geograph-
ical scopes of places, and a weighted list of geographical scopes associated
with the document retrieved.

A number of algorithms can be used to implement the mapping from doc-
ument to reference geographical scopes modeled according to Figure 4.4. The
algorithms could be based on machine learning where the learner is trained
with reference geographical scopes. Then the learner is used to assigned
geographical scopes to new unseen documents. Alternatively, information
retrieval algorithms such as vector space models could be used to index the
reference geographical scope data. To assign scopes to documents, the search
query consisting of place names extracted from the document would be run
against the index, and a list of ranked scopes retrieved. The retrieved scopes
are then considered to represent the geographical coverage of the document.
In this work, an information retrieval based algorithm is used to implement
the mapping from document to reference geographical scopes.

The zone indexing (Manning et al., 2007) paradigm provides a suitable
path to map documents to reference geographical scopes. The zone indexing
model sub-divides documents into zones, and creates inverted indexes for
each zone. The model supports querying against individual zones. Each
zone can be assigned a weight reflecting its importance in the document.
These weights are either assigned by an expert or through experiment. The
score of each zone for a given query is combined to form the document score
for the query.

Let w1, ..., wn denote the importance attached to geographical units or
regions in Figure 4.4 such that

∑n

i=1wi = 1. And for 1 ≤ i ≤ n, let si be
the Boolean score denoting a match or no match between a place name in
the document d and the place name in the ith geographical unit or region in
Figure 4.4. If a match occurs between a document’s place name and a place
name in a given unit, a Boolean value of 1 could be assigned, otherwise a 0
value is assigned. The matching score between document d and geographical
scope g is computed as

score(g, d) =
n

∑

i = 1

wi × si (4.1)

To illustrate the application of the zone indexing model, the sample scope
data for the Netherlands in Figure 4.5 is transformed to the zone indexing
paradigm as shown in Table 4.1. On the basis of the zone indexing model, the
geographical scope model in Figure 4.4 becomes a document, and standard



4.1. Resolution with place names 59

Zone Data Weight

Target region Netherlands 0.30
Parent region Europe 0.05
Neighbors Belgium, Germany 0.03
Primary cities Amsterdam, Rotterdam, The Hague 0.20
Child regions North Holland, South Holland, Groningen 0.15
Child-child regions Delft, Leiden, The Hague, Rotterdam 0.07
Secondary cities Delft, Gouda, Leiden 0.15
Smallest cities Boskop, Hillegom, Lisse, Vlist 0.05

Table 4.1: Zone index for the sample Netherlands scope data in Fig. 4.5.

queries can be issued against the index to retrieve a ranked list of scope
documents. The retrieved scope documents represent geographical scopes of
the query. Each query is made-up of place names extracted from documents
whose scopes are to be resolved. The weights are assigned to each zone by
intuition. For example, a geographical reference in the query which is also
the name of a scope is accorded more weight for a match in a target-region
zone than a match in parent-region zone.

To demonstrate the use of Equation 4.1, consider documents d1 and d2
with the list of place names they contain:

(1) d1 = { Netherlands, Groningen, Leiden }
(2) d2 = { Groningen, Leiden, Lisse }

Using the sample reference scope for the Netherlands shown in Table 4.1, the
documents, d1 and d2 are resolved to the Netherlands as follows:

score(g, d1) = 0.30× 1 + 0.15× 1 + 0.07× 1 + 0.15× 1 = 0.67

score(g, d2) = 0.15× 1 + 0.15× 1 + 0.07× 1 + 0.05× 1 = 0.42

The score formula ranks document d1 higher than d2 in the scope of
Netherlands, i.e., document d1 is considered more Netherlands than docu-
ment d2. The Boolean based score ignores the number of times a term occurs
in a document. This results in loss of frequency information which is impor-
tant to guess to what degree a document is about a given term in the query.
To include frequency count information, si is substituted with the frequency
count pfij of the jth place name in the source document for every zone i
where a match occurs. Then Equation 4.1 becomes
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score(g, d) =

n
∑

i = 1

wi × pfij (4.2)

where wi is the weight of the i
th zone and pfij is the frequency count of the jth

place name in the source document. Furthermore, places found in the same
region or zone are not always of equal importance, e.g., in the Netherlands,
The Hague can be considered more important than Rotterdam because it is
the seat of the national government. Therefore, each place is assigned an
importance weight pij based on its type or population size or economy, and
score formula in Equation 4.2 becomes

score(g, d) =

n
∑

i = 1

wi × pfij × pij (4.3)

where pij is the importance attached to place j in the zone or region. To
demonstrate consider document d3 and d4 with the list of place names they
contain.

(3) d3 = { The Hague }
(4) d4 = { Rotterdam }

Assume that places of type capital city are considered more important than
other places, and therefore, are given an importance weight of 2.0, and to
the rest an importance weight of 1.0. Using Equation 4.3, documents d3 and
d4 are resolved to the Netherlands with different scores

score(g, d3) = 0.20× 1 × 2.0 + 0.07 × 1 × 1.0 = 0.54

score(g, d4) = 0.20× 1 × 1.0 + 0.07 × 1 × 1.0 = 0.27

Document d3 is more about the Netherlands than document d4 though the
place names in them share zones.

4.1.2 Reference scope

This section describes how reference scopes are defined from the Geonames.org
database. Features of the class administrative unit (A) and populated place
(P) (see Table 3.1 on page 29 and Table 3.2 on page 30 for reference) are used
to define reference geographic scopes against which document scopes are re-
solved. Each reference scope is modeled according to the data model shown
in Fig. 4.4 (See sample in Fig. 4.5). In this thesis, we limit geographic scopes
to: (1) continent (CT) e.g., Europe, (2) continent directional (CD) as defined
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North

North West North East

South
South West South East

West EastCentral

xL1 xL2

yL1

yL2

(xMin, yMin)

(xMax, yMax)

Figure 4.6: Directional sub-division of the Netherlands.

by the UN-statistics division3 e.g., Western Europe, (3) country (PC) e.g.,
the Netherlands, (4) country directional (PD) e.g., north-east-of the Nether-
lands, (5) province (AM) e.g., Groningen, and (6) province directional (AD)
e.g., north Groningen.

Sanderson and Kohler (2004) found that directional terms were occasion-
ally used to specify part of a larger area (e.g., a county or a state) contrary to
being used in directional sense (e.g., north of Schipol Airport). For direction-
ally oriented scopes at country and province levels, the regions are further
sub-divided into nine sections: north, north-east, east, south-east, south,
south-west, west, north-west, and central. Country and province polygons

3http://unstats.un.org/unsd/default.htm
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are sub-divided into nine directional regions by dividing a reference bounding
box about the polygon as shown in example in Figure 4.6. The partitioning
lines xL1, xL2, yL1 and yL2 in Figure 4.6 are computed using Equation 4.4

xL1 = xMin + λ1 × (xMax − xMin)

xL2 = xMin + λ2 × (xMax − xMin)

yL1 = yMin+ λ1 × (yMax− yMin)

yL2 = yMin+ λ2 × (yMax− yMin)

(4.4)

where;

λ1 + λ2 = 1 (4.5)

and

0.0 < λ1 ≤ 0.5. (4.6)

For the work reported in this thesis, the λ1 values for province and coun-
try directional scopes are intuitively set to 0.35 and 0.30 respectively. The
problem associated with the use of bounding box as a reference to parti-
tion a polygon is that the original polygon is usually unequally partitioned
among different directional regions. This is because any method exploiting a
bounding box as a reference guide is bound to be affected by both the shape
and the orientation (i.e., North-South and East-West) of the region to be
partitioned. As shown in Figure 4.6, the North West region of the Nether-
lands covers a smaller portion of the Netherlands in comparison to the larger
portion covered by North East. Motivated by the geographical information
retrieval (GIR) challenge, Van Kreveld and Reinbacher (2003) undertook a
comprehensive study to equally partition a polygon into North, East, West
and South (NEWS).

We note that the sub-division of regions into compass directions is de-
termined by many factors which are local, and varies from one region to
another. For example, the five regions of the United States (Northeast,
Southeast, Midwest, Southwest, and the West) are grouped according to his-
tory, traditions, economy, climate, and geography. This indicates that when
sub-dividing regions into compass directions, local knowledge supercedes al-
gorithmic alternatives.

Continent and continent-directional scopes

Continent and continent-directional scopes consist of the following constituents:
continent, countries, country-capitals (LC), provinces, provincial-capitals (LA)
and cities with over 49,999 inhabitants. Table 4.2 shows the distribution of
scopes, locations and names at continent and continent-directional level. The
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average name-to-location ratio within the scopes is 4.68. There are 7 conti-
nent scopes compared to 24 continent-directional scopes.

Country and country-directional scopes

Each country scope is defined by its child constituents, parent continent
and adjacent countries. And each country-directional scope is defined by its
child constituents and parent country. The following make up country and
country-directional child constituents: country, country-capital, provinces,
provincial-capitals, counties and cities with over 9,999 inhabitants. The
distribution of scopes, locations and names at the country and country-
directional level is depicted in Table 4.2. The average name-to-location ratio
within the scopes is 1.73. There are 190 country scopes compared to 1,089
country-directional scopes.

Province and province-directional scopes

Each province scope is defined by its child constituents, parent country, and
adjacent provinces. And each province-directional scope is defined by its
child constituents and parent province. Provinces and province-directional
units consist of the following child constituents: province, provincial capitals,
country-capitals, counties and all populated places. Table 4.2 shows the dis-
tribution of scopes, locations and names at province and province-directional
level. The average ratio of name-to-location within the scopes is 1.02. There
are 4,749 province scopes compared to 20,761 province-directional scopes.

Scope No. scopes No. locations No. names

Continent (CT) 7 13,226 61,939
Continent-directional (CD) 24 13,226 61,990
Country (PC) 190 105,576 182,442
Country-directional (PD) 1,089 105,569 182,442
Province (AM) 4,749 2,311,244 2,354,716
Province-directional (AD) 20,761 2,005,682 2,068,732

Total number of scopes 26,820

Table 4.2: Statistics of standard geographic scope.
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4.1.3 Implementation

To evaluate the scope resolution assumption (see Assumption 1 on page 55),
the Apache Lucene search engine library is used to implement the zone in-
dexing concept described in Section 4.1. The Lucene’s default similarity
measure is derived from vector space model (VSM) (Salton, 1989).4 The
vector space model views both the document and query as vectors ( i.e.,
terms obtained from document and query texts with associated weights) in
a multi-dimensional space.

Lucene similarity measure

The Lucene relevance score formula combines several factors to determine
the score of a document for a given query (Gospodnetic and Hatcher, 2005):

NonSim(q, d) =
∑

t∈q

tf(t ∈ d) · idf(t) · bst · lN(t.f ield ∈ d) (4.7)

where, · operator stands for multiplication, tf(t ∈ d) is the term frequency
factor for term t in document d, idf(t) is the inverse document frequency of
term t in the document collection, bst is the field boost set during indexing
and lN(t.f ield ∈ d) is the normalization value of a field given the number
of terms in the field (see Gospodnetic and Hatcher (2005) for more details).
The purpose of boosting is to indicate how important a given term is relative
to other terms in the document.

Indexing documents in Lucene

The Apache Lucene system treats a document as a collection of fields (i.e.,
similar to zones in zone indexing model). Each Lucene field corresponds to a
piece of data that is either queried against or retrieved from the index during
search. Lucene provides four types of fields: (1) Keyword – is indexed and
stored in the index, but not analysed, (2) UnIndexed – is neither analysed
nor indexed, but its value is stored in the index, (3) Unstored – is analysed
and indexed, but not stored in the index, and (4) Text – is analysed, indexed
and stored.

Each Lucene field consists of a name and a value. Values may be free
text, or they may be atomic keywords, which are not processed further.
Such keywords may be used to represent dates, urls, names of places, names
of people, etc. Fields are optionally stored in the index, so that they may be
returned with hits on the document.

4Thank you to Dubin (2004) for correcting VSM citation confusion.
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Searching documents in Lucene

The Lucene term is the basic unit for searching. Similar to a Lucene field,
a term consists of a pair of string elements: the name of the field and the
value of that field. Lucene also provides the capability to query on multiple
fields, and a query term boosting factor.

As an example, assume a Lucene index consisting of three fields; conti-
nent, country and capital. To query for documents containing place names
Groningen and Netherlands, one would enter

continent:(groningen netherlands) country:(groningen netherlands)
capital:(groningen netherlands)

Now assume that one considers documents containing place namesGronin-
gen and Netherlands in continent field to be more relevant. To achieve this
effect, boasted query terms can be submitted to continent field as follows:

continent:(groningen∧4 netherlands∧4) country:(groningen∧2 netherlands∧2)
capital:(groningen netherlands)

This implies that finding Groningen and Netherlands in the continent field
of a document is more important than finding them in country and/or capital
field.

The multi-field query and query term boosting capabilities of Lucene are
leveraged to implement the zone indexing model for the scope resolution
assumption (see Assumption 1 on page 55) advanced in this work.

Indexing reference scopes in Lucene

The Lucene document for holding reference scope datasets (i.e., the 26,820
reference scopes) defined in Sub-Section 4.1.2 is designed according to the ge-
ographical scope model shown in Figure 4.4 (on page 56). The primary-cities
zone in Figure 4.4 is split into two parts – a.primary-cities and b.primary-
cities according to the type of the city (i.e., capital city, provincial capital,
etc. ) and/or the population size of the city. The splitting of the primary-
cities zone into two was arrived at through experiments and intuition for a
better performance achievement. A total of ten Lucene fields are defined to
implement the geographical scope model:

1. unique scope identifier - scope-id,

2. names of the scope or target region - target-region,
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3. names of capitals and populated places (i.e., cities, towns & villages)
with large population - a.primary-cities,

4. names of primary administrative units - child-region,

5. names of secondary administrative units - child-child-region,

6. names of primary cities, towns and villages - b.primary-cities,

7. names of secondary cities, towns and villages - secondary-cities,

8. names of adjacent regions of the same type - neighbors,

9. names of parent regions - parent-region, and

10. names of relatively smaller child places - smallest-cities.

The type of a place (e.g., capital city, provincial capital) and/or popu-
lation size is used to group places within a scope category. For example, to
populate a.primary-cities field; cities, towns and villages with over 500,000
inhabitants are considered in country scopes while the threshold is lowered to
100,000 inhabitants in province scope. Table 4.3 and Table 4.4 show example
Lucene index data for the scope Europe and the Netherlands with weights of
each zone in column Weights. A complete layout of reference geographical
scope data in Lucene index is shown in Table 4.5.
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Field Data Weight

scope-id EU n.a.
target-region Europe, EU, Europa, etc. 10.0
a.primary-cities – 9.0
child-regions Netherlands, Germany, Belgium, United Kingdom, France, etc. 5.0
child-child-regions Groningen, Sachsen, Antwerp, York, Aberdeen, Bretagne, etc. 3.0
b.primary-cities The Hague, Amsterdam, Berlin, Brussels, London, Paris, etc. 8.0
secondary-cities Utrecht, Hamburg, Antwerp, York, Sunderland, Lyon, Metz, etc. 5.0
neighbors Africa, Asia, North America 1.5
parent-regions Earth 2.0
smallest-cities Delft, Tournai, Unna, Kingswood, Ashford, Valence, Vannes, etc. 2.0

Table 4.3: Example Lucene index for scope Europe.
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scope-id NL n.a.
target-region Kingdom of the Netherlands, The Netherlands, Holland, etc. 10.0
a.primary-cities Amsterdam, Amsterdamo, Amsterdao, The Hague, Den Haag, etc. 9.0
child-regions South Holland, North Holland, Groningen, Utrecht, Limburg, etc. 5.0
child-child-regions Gemeente Groningen, Gemeente Haren, Gemeente Leek, etc. 3.0
b.primary-cities Zwolle, Utrecht, Middelburg, Maastricht, Assen, Groningen, etc. 8.0
secondary-cities Delft, Alkmaar, Almelo, Amstelveen, Venlo, Gouda, Zeist, etc. 5.0
neighbors Belgium, Belgie, France, Francia, Germany, Duitschland, etc. 1.5
parent-regions Europe, Europa, Europo, etc. 2.0
smallest-cities Zutphen, Zuidhorn, Winsum, Zelhem, Weesp, Voorst, Vught, etc. 2.0

Table 4.4: Example Lucene index for scope the Netherlands.
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Scope levels 7→ CTa CDb PCc PDd AMe ADf WTg

scope-id CT-ID CD-ID PC-ID PD-ID AM-ID AD-ID n.a.
target-region CT PC AM 10.0
a.primary-cities LC,P500 LC,P500 LA,LC,P150h LA,P150 9.0
child-regions PC PC AM AM A2 A2 5.0
child-child-regions AM AM A2i A2 3.0
b.primary-cities LC,P500j LC,P500 LA,P100 LA,P100 P50 P50 8.0
secondary-cities LA,P100k LA,P100 P50 P50 P5l,P10 P5,P10 5.0
neighbors CT PC AM 1.5
parent-regions EHm CT CT PC PC AM 2.0
smallest-cities P50n P50 P10o P10 P0p P0 2.0

aCT: Continent, e.g., Europe, Africa, etc.
bCD: Continent Directional, e.g., Western Europe, Eastern Africa, etc.
cPC: Country, e.g., Netherlands, Uganda, United States, etc.
dPD: Country Directional, e.g., north-east Netherlands, north-west Uganda, south-west United States, etc.
eAM: Province (or state or district, etc.), e.g., Groningen Province, California State, Arua District, etc.
fAD: Province ( or state or district, etc.) Directional, e.g., northern Groningen, southern California, central Arua, etc.
gWT: Weight of the field or zone determined through experiment.
hP150: Population centers (population ≥ 100,000).
iA2: Second order administrative division of a country.
jP500: Population centers (population ≥ 500,000).
kP100: Population centers (100,000 ≤ population < 500,000).
lP5: Population centers (5,000 ≤ population < 10,000).

mEH: Earth.
nP50: Population centers (50,000 ≤ population < 100,000).
oP10: Population centers (10,000 ≤ population < 50,000).
pP0: Population centers (population < 5,000).

Table 4.5: Reference scope data layout in Lucene index.
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Resolving document scope

The basic procedures to assign a geographic scope(s) to a document are:

1. extract geographical terms (i.e., place names, place types and adjectives
of places) from a document using a geographical tagger,

2. use geographical terms (i.e., plane names and/or adjectives) extracted
in Step 1 above as query keywords, and compare the query against the
Lucene index previously populated with reference geographical scopes
(see Section 4.1.3), and

3. return a ranked list of geographical scopes for the document.

The zone indexing concept adopted to implement the proposed geograph-
ical scope resolution procedure is transformed into a Lucene implementation
at two levels:

1. Zones are implemented as Lucene fields and processed accordingly.

2. A weighted zone score is implemented through the Lucene boosting
and multi-field query capability.

To effectively resolve a document’s geographic scope within Lucene, query
formulation is crucial. The following features are considered in the query
formulation strategy for the weighted zone score parameters in Equation 4.3
and Equation 4.8:

1. Lucene field importance (i.e., the perceived importance of the geo-
graphic scope feature),

2. type of place,

3. importance of the place determined by population, and

4. the number of occurrences of the place name in a document.

The importance of assigning different weights to fields comes into play
when the same place takes different roles in different scopes e.g., in the
hierarchy Groningen 7→ Netherlands 7→ Europe 7→ Earth, Groningen is a
primary administrative unit in The Netherlands while a secondary admin-
istrative unit within Europe. That is, Groningen carries more importance
within the Netherlands scope than it does within Europe scope. Impor-
tance is assigned to Lucene fields in the following order (i.e., descending
order of importance): target-region 7→ a.primary-cities 7→ b.primary-cities
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7→ child-regions 7→ secondary-cities 7→ child-child-regions 7→ parent-region
7→ smallest-cities 7→ neighbors. And weights are assigned to types of places
according to the following order (i.e., descending order of importance): conti-
nent (CT) 7→ country (PC) 7→ country-capital (LC) 7→ province-capital (LA)
7→ province (AM) 7→ municipality (A2). Other cities are assigned weights
according to their population size.

The aforementioned features are factored into the query formulation strat-
egy as place name boost factors using Equation 4.8 derived from Equation 4.3

P lacenameBoostFactor = wi × pfij × pij (4.8)

where wi is the weight of the ith zone or field, pfij is the frequency count
of the jth place name in the source document, and pij is the importance
attached to place j in the zone or field. The importance pij of a place is
determined by the type of the place and/or the population size of the place.

Besides query formulation attention is paid to how the index is searched.
Each place name in the query is analyzed to determine which field or fields
to query against (e.g., the query Netherlands is submitted to search the field
values of target-region and child-region as the Netherlands can be the name
of scope Netherlands or the name of a primary administrative unit in scope
Europe). Table 4.6 shows place name importance weights implemented in
the query formulation strategy. The weight wi assigned to each zone or
field is shown in column WT in Figure 4.5. The values of the weights were
experimentally determined.

Place or people adjectives occur frequently in documents (see Table 4.7),
and exploitation of these adjectives to resolve a document’s geographic scope
may prove useful. However, geographic adjectives, like place names, are
highly ambiguous – seeing French in a document does not necessarily refer
to things explicitly connected to the nation of France (e.g., French in a
document may refer to a subject in school or a type of cooking). Nevertheless,
if used judicially, geographic adjectives (i.e., place or people adjectives) can
provide useful information to geographically resolve document scopes. In
this work, query geographic adjectives (e.g., Dutch, French) are mapped
to their corresponding country names (e.g., Dutch mapped-to Netherlands,
French mapped-to France) with a weight lower than the one assigned to
mapped country names. No effort is made to resolve geographic adjective
ambiguities; instead it is assumed that the places the adjective refers to are
most likely mentioned (i.e., implicitly or explicitly) in the document, and
therefore, the geographic scope resolution engine simply uses the adjective
to further reinforce scope resolution. This will result in some cases where
adjectives are incorrectly interpreted as referring to a place, but the overall
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Type/Population pij

Continent 10.0
Country 9.0
Province 2.5
County 1.5
CountryCapital 9.0
ProvinceCapital 7.0
people ≥ 1,000,000 9.0
500,000 ≤ people < 1,000,000 8.0
100,000 ≤ people < 500,000 7.0
50,000 ≤ people < 100,000 6.0
10,000 ≤ people < 50,000 5.0
5,000 ≤ people < 10,000 2.0
people < 5,000 1.0

Table 4.6: Place type and population weights.

assumption is that the effect on the range of interpretation will be positive.

To illustrate the effectiveness of the proposed geographical scope resolu-
tion procedure, consider a sample document containing the following place
names with their respective term frequency in brackets: New York (1),
Rwanda (4), France (1), Kigali (1).5 Table 4.8 depicts how geographical
terms in queries are analyzed per field at query processing. Each geographi-
cal term is assigned a weight (in square brackets) according to Equation 4.8.
The document is geographically resolved to ranked geographic scopes as:
Rwanda (826.67), Eastern Africa (77.00), Africa (43.59), France (34.44),
United States (17.50).

4.2 Resolution with person names

This section describes strategies used to answer the research objective – How
can person names be used to automatically determine the geographical cover-
age or scope of documents? [Question of algorithm]. The strategy described
is grounded on the assumption that VIPs (i.e., political leadership) in the
same geographical region or at the same leadership hierarchy level tend to
be mentioned together in a unit of a discourse.

5New York (State or City), Rwanda (Country), France (Country), Kigali (Country
capital)
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Adjective (Adj) People (Ppl)
Country (Ctry) Adjective Adj/Ctry People Ppl/Ctry

Afghanistan Afghan 0.23602 Afghans 0.04616
Afghanistan Afghani 0.01896 Afghanis 0.00427
Albania Albanian 0.33250 Albanians 0.02658
Algeria Algerian 0.09580 Algerians 0.00834
Angola Angolan 0.02462 Angolans 0.00317
Australia Australian 0.27196 Australians 0.02159
Bulgaria Bulgarian 0.29286 Bulgarians 0.00879
Czech Republic Czech 1.61176 Czechs 0.01618
United Kingdom British 0.71228 Britons 0.01185
Great Britain British 10.20062 Britons 0.16975
Greece Greek 0.83200 Greeks 0.06240
India Indian 0.51842 Indians 0.11310
France French 0.41138 French 0.41138
Norway Norwegian 0.42972 Norwegians 0.00835
Poland Polish 0.49271 Poles 0.13294

Table 4.7: Place and people adjective occurrence on the Internet.

A VIP is an important or influential person whose actions and opinions
strongly influence the course of events.6 The 2009 Time 100 Issue7 named
the people who most affected our world in 2009. Time grouped them into
five categories: (1) leaders and revolutionaries, (2) builders and titans, (3)
artists and entertainers, (4) heroes and icons, (5) scientists and thinkers. The
following people made it into the leaders and revolutionaries group: Edward
Kennedy, Gordon Brown, Christine Lagarde, Thomas Dart, Avigdor Lieber-
man, Joaqúın Guzmán, Nouri al-Maliki, Hillary Clinton, Susilo Bambang
Yudhoyono, Boris Johnson, Norah al-Faiz, Elizabeth Warren, Paul Kagame,
Nicolas Sarkozy, Angela Merkel, Wang Qishan, Xi Jinping, David McKier-
nan, Ashfaq Kayani, Barack Obama. The influence of people in the leaders
and revolutionaries category is most felt within a geographic area over which
their authority extends. For example, Mr. Paul Kagame strongly influences
course of events in Rwanda where he exercises his legal authority as the
president of Rwanda.

6[16 September 2009]: http://www.thefreedictionary.com/very+important+

person
7[16 September 2009]: http://www.time.com
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Field Query Formulation

scope-id n.a.
target-region new york[25.0] rwanda[360.0] france[90.0]
a.primary-cities kigali[81.0]
child-regions new york[12.5] rwanda[180.0] france[45.0]
child-child-regions new york[7.5]
b.primary-cities new york[56.0] kigali[72.0]
secondary-cities new york[35.0]
neighbors new york[3.75] rwanda[54.0] france[13.5]
parent-region new york[5.0] rwanda[72.0] france[18.0]
smallest-cities new york[12.0]

Table 4.8: Example query formulation for per field querying.

Assumption 2 VIPs (i.e., political leadership) in the same geographical re-
gion or at the same leadership hierarchy level tend to be mentioned together
in a unit of a discourse. That is, presidents are most likely to be mentioned
together with the members of their administration or with presidents of other
countries in a unit of a discourse. For example, US President Barack Obama
is most likely to be mentioned in a discourse together with US Vice President
Joe Biden or President Yoweri Kaguta Museveni of Uganda in a discourse.

In this dissertation, the people whose actions and opinions most determine
course of events in a particular geographic scope or area shall be called the
GeoVIPs. The political and government leaders fall under the GeoVIP cat-
egory because their jurisdictions are geographically constrained. It is there-
fore plausible to infer the geographical scope of a document from the list
of GeoVIPs mentioned in a document. The people in other categories (i.e.,
builders and titans, artists and entertainers, heroes and icons, and scientists
and thinkers) influence course of events at global scope.

To effectively map GeoVIPs to the geographic area of their jurisdictions,
the administrative division of a country is used as a reference guide. Gen-
erally a country is sub-divided into two main administrative divisions: (1)
the primary administrative division (PAD), and (2) the secondary adminis-
trative division (SAD). In different countries these administrative divisions
are referred to differently. For example; in the Netherlands, PAD and SAD
are respectively referred to as province and municipality, and in Uganda as
district and county. In other countries the SADs are sub-divided into smaller
administrative units for better service provision. For example, in Uganda a
county is sub-divided in sub-counties. For the case of Uganda, the admin-
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istrative division of a country is as follows: country 7→ district 7→ county
7→ sub-county 7→ parish 7→ village. At every level of administrative division
there is a GeoVIP who exercises an administrative jurisdiction over the area.
As whatever happens in our neighborhood affects us in one way or another,
GeoVIPs can influence course of events in nearby geographic areas outside
their jurisdictions. For example, President Barack Obama of United States
of America (U.S.A.) can to some extent influence the course of events in
countries bordering U.S.A. (i.e., in Canada and Mexico).

Division Administrative Position

Country President, Vice President, Prime Minister,
Cabinet Ministers, Chief Justice, Governor
Central Bank, Army Commander, etc.

District District Commissioner, Chief Administrative
Officer, Women MP, District Local
Council Chairman, District Judge,
District Clerk, District Speaker, etc.

County Member of Parliament, Local Councilors to
District Council, County Chief, etc.

Sub-County Sub-County Local Council Chairman, etc
Parish Parish Local Council Chairman, etc.
Village Village Local Council Chairman, etc.
City City Mayor, City Clerk, etc.
Municipality Municipality Mayor, Town Clerk, etc.

Table 4.9: Example administrative division vs. position.

In a country like Uganda the administrative and political positions can be
mapped to administrative divisions as shown in Table 4.9. The organisation
of administrative divisions of many countries is a variant of what is depicted
for Uganda in Table 4.9. The GeoVIPs exercising jurisdictions at various
administrative units or levels can be used to perform geographic scope res-
olution. The following are the challenges to the use of the GeoVIP list for
document scope resolution:

1. Name ambiguity – many people share names locally and globally.

2. GeoVIPs are often limited in their terms of office, therefore, the main-
tenance of a comprehensive, up-to-date GeoVIP information is non-
trivial.
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4.2.1 Person name ambiguity resolution

The names of people are highly ambiguous (Fleischman and Hovy, 2004;
Mann and Yarowsky, 2003) and therefore, exploiting person names to im-
plement automatic systems is a non-trivial task. Before an attempt is made
to resolve the geographical scope of documents using the names of people
they contain, some minimum level of person name resolution is required. For
example, we should be able to resolve the name Mr. Brown to Prime Minis-
ter Gordon Brown before attempting to resolve the geographical scope Mr.
Brown indicates.

Generally the names of people are broadly grouped into three categories
- first name, surname and middle name. Over the centuries people have
shared names within the three categories. Names can commonly be shared
only within a given geographic space, e.g., surnames (e.g., Martin, Smith,
Eriksson, etc.), and names can be shared at global scale, e.g., first names
(e.g., William, Richard, John, etc.).

To perform automatic geographic scope resolution using the names of
GeoVIPs, the names of people are grouped into three: (1) global names,
(2) local or country-level names and (3) GeoVIP names. The global names
category takes care of the frequency of sharing names globally (e.g., John,
Paul, Joseph), and local or country-level names category are commonly found
within a given geographic scope (e.g., Eriksson, Museveni, Kagame, Kabila,
etc.). Table 4.10 list common ten names found in United States, United
Kingdom and Australia. The surname Smith is commonly shared in all the
three countries. It is therefore more difficult to determine the country of
origin of Mr. Smith.

(5) Given Table 4.10, determine the country of origin of the following
persons: 8

a. James Joseph Brown
b. Evan Taylor
c. Charlie Wilson

From Table 4.10, it is probably easier to infer that Evan Taylor and Charlie
Wilson are from United Kingdom. However, the same conclusion can not be
reached for James Joseph Brown. The names in Table 4.10 are arranged with
the most commonly shared at the top to the least common at the bottom.
For the question posed, assume that the top most names (i.e., Smith (USA),
Aiden (USA), Smith (UK), etc.) are each shared by at least ten persons, the
next by nine, eight, until the last names at the bottom shared by one person.

8Wikipedia data accessed on 28 September 2009.
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United States United Kingdom Australia
Surname Firstname Surname Firstname Surname Firstname

Smith Aiden Smith Jack Smith Jack
Johnson Jayden Jones Oliver Jones William
Williams Jacob Williams Thomas Williams Lachlan
Jones Michael Taylor Harry Brown Joshua
Brown Christopher Brown Joshua Wilson Reliy
Davis Ethan Davis Alfie Taylor Thomas
Miller Joshua Evan Charlie Johnson Cooper
Wilson Daniel Wilson Daniel White Oliver
Moore Anthony Thomas James Martin James
Taylor Matthew Johnson William Anderson Ethan

Table 4.10: Top ten surnames and first names in Wikipedia.

There are thirty persons sharing the name Smith, and one person with the
name Matthew. The formula in Equation 4.9 is used to compute the weight
of a given name:

NWF (name) =
∑

i⊂{g, l, v}

Ki log
Ni +Nmax

Ni

(4.9)

where NWF is the name weight factor, g stands for global category, l stands
for local category, v stands for GeoVIP category, Ki category factor, Ni the
number of persons sharing the name in category i and Nmax the number of
persons sharing the most common name globally. Category factor Ki weights
the perceived importance of a category, e.g., names found in global names
list are given less importance than names found in local names list.

To demonstrate the weighting formula, an attempt is made to resolve
James Joseph Brown’s country of origin. From Table 4.10, the most common
name globally is Smith and it is shared by thirty persons, therefore, Nmax =
30. The name Joseph does not appear in Table 4.10, therefore, it is ignored,
and that leaves James and Brown. Globally James and Brown are shared by
four and nineteen persons respectively (see Table 4.10). And locally within
USA, UK and Australia, the names are shared as follows:

1. James – USA (0), UK (2), Australia (2).

2. Brown – USA (6), UK (6) and Australia (7).

Using the formula with Ki = 1, the following scores are obtained:
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1. James - UK (2.13), Australia (2.13).

2. Brown - USA (1.51), UK (1.51), Australia (1.45).

Therefore, the scores for James Brown are; UK (3.64) and Australia (3.58),
and James Brown is resolved to UK. The reason why James Brown resolved
to the UK is that there are more persons named Brown in Australia, so that
more effort is required to resolve Mr. Brown in Australia.

4.2.2 Approach

For each geographical scope or area or region, GeoVIPs are grouped into five
levels namely;� VIP1 - names of GeoVIPs at the top-most hierarchy, e.g., for a country

level scope, the top-most GeoVIP in the hierarchy is the president of
the country.� VIP2 - names of GeoVIPs next in hierarchy to GeoVIPs listed in VIP1
field. For example, at a country level scope, the cabinet ministers are
included in this group.� VIP3 - names of GeoVIPs next in hierarchy to GeoVIPs listed in VIP2
field. For example, at a country level scope, the members of the Par-
liament or the Senate are included in this group.� VIP4 - names of GeoVIPs of neighboring administrative units. For ex-
ample, at a country level scope, GeoVIPs of the immediate neighboring
countries are listed.� VIP5 - names of GeoVIPs of non-neighboring administrative units. For
example, at a country level scope, GeoVIPs of non-neighboring coun-
tries are listed. This category caters for the assumption that GeoVIPs
at the same level tend to be mentioned together in news stories. That
is, it is more likely that President Obama, Prime Minister Netanyahu
and President Abbas will be mentioned in the same story on the Middle
East.

An example GeoVIP grouping for Canada and United States of America is
shown in Figure 4.7. As we noted above, the challenge to using the GeoVIP
list are:

1. Name ambiguity, e.g., many people share names locally and globally.
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CALIFORNIA (CA)

VIP1: CA Governor, CA US Senators, etc.

VIP2: CA Cabinet Members, etc.

VIP3: CA Senators, etc.

VIP4: NV Governor, AZ Governor, etc.

VIP5: DC Governor, NY Governor, etc

ARIZONA (AZ)

VIP1: AZ Governor, AZ US Senators, etc.

VIP2: AZ Cabinet Members, etc.

VIP3: AZ Senators, etc.

VIP4: NV Governor, CA Governor, etc.

VIP5: TX Governor, NC Governor, etc.

UNITED STATES OF AMERICA

VIP1: President, Vice President, etc.

VIP2: Cabinet Members, etc.

VIP3: US Senators, etc.

VIP4: Canadan PM, Mexican President, etc.

VIP5: British PM, Israel PM, etc.

CANADA

VIP1: Governor General, Prime Minister, etc.

VIP2: Cabinet Members, etc.

VIP3: Members of Parliament, etc.

VIP4: US President, Mexican President, etc.

VIP5: French President, Dutch PM, etc.

NORTH AMERICA

Figure 4.7: Example U.S.A & Canada GeoVIP grouping.
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Group USA GeoVIP Weight
VIP1 Barack Obama, Joe Biden, Hillary Rodham Clinton, 0.40

Nancy Pelosi, John G. Roberts, Ben Shalom
Bernanke, Admiral Michael Mullen, etc.

VIP2 Timothy F. Geithner, Robert M. Gates, Kenneth 0.25
L. Salazar, Thomas J. Vilsack, Hilda L. Solis,
Kathleen Sebelius, etc.

VIP3 Senator Barbara Boxer, Senator Jay Rockefeller, 0.20
Senator Pat Roberts, Senator John Mccain, Senator
Barbara Mikulski, Senator Claire McCaskill, etc.

VIP4 Michaëlle Jean, Stephen Harper, Felipe de Jesus 0.15
CALDERON Hinojosa, etc.

VIP5 Yoweri Kaguta Museveni, Jan Peter Balkenende, 0.10
Gordon Brown, etc.

Table 4.11: Example GeoVIP data for U.S.A.

2. GeoVIPs serve limited terms in office, therefore, maintenance of a com-
prehensive, up-to-date GeoVIP information is non-trivial.

Similar to the zone indexing concept applied to scope resolution with place
names (see Section 4.1 on page 50), the GeoVIP-based approach uses the zone
indexing strategy by modifying the formula in Equation 4.3 as follows:

score(g, d) =

n
∑

i = 1

wi × fij × nij (4.10)

where wi is the weight of the ith VIP grouping, fij is the frequency count of
the jth person name in the source document, nij is the weight of the j

th person
name computed with Equation 4.9. To demonstrate, the news story featuring
the US Sectary of State Hillary Clinton, Canadian Minister of International
Trade & the Asia-Pacific Gateway Stockwell Day and Philippine President
Gloria Macapagal-Arroyo in Figure 4.8 is used. nij is computed only for
i = v (i.e., VIPs) in Equation 4.9 with Nmax = 42 (the number of the
most commonly shared name John by world leaders in the CIA’s November
2009 Chief of States 9):

nij = Kv log
Nv +Nmax

Nv

9[16 November 2009]: https://www.cia.gov/
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Field Canadian GeoVIP Data Weight
VIP1 Michaëlle Jean, Stephen Harper, Lawrence Cannon, 0.40

Beverley McLachlin P.C., etc.
VIP2 Robert Douglas Nicholson, Jean-Pierre Blackburn, 0.25

Gregory Francis Thompson, Marjory LeBreton,
Peter Gordon MacKay, Stockwell Day, Vic Toews,
Rona Ambrose, Diane Finley, Beverley J. Oda,
Jim Prentice, Lawrence Cannon, Tony Clement, etc.

VIP3 Pierre Poilievre, Ted Menzoes, Jim Abbott, 0.20
John Duncan, Gerald Keddy, Deepak Obhrai,
Brian Jean, Randy Kamp, Ed Komarnicki,
Dave MacKenzie, Rob Moore, Mark Warawa,
Dean Del Mastro, Rick Dykstra, Jacques Gourde, etc.

VIP4 Barack Obama, Joe Biden, Hillary Rodham Clinton, etc. 0.15
VIP5 Yoweri Kaguta Museveni, Jan Peter Balkenende, 0.10

Gordon Brown, etc.

Table 4.12: Example GeoVIP sample data for Canada.

In the CIA online directory of ‘Chiefs of State’, and ‘Cabinet Members
of Foreign Governments’, there are two leaders with the name Hillary, two
with Clinton, one with Stockwell and two with Day. Table 4.13 shows the
computation of the weights for names Hillary Clinton and Stockwell Day.
The result of scope resolution using names referencing Hillary Clinton and
Stockwell Day is shown in Table 4.14. According to the resolution result, the
story in Figure 4.8 is more about Canada than the United States.

However, the main weakness of the procedure is that any person with
name Day or Clinton can be considered as a VIP. To mitigate this, a criteria
that requires that at least the other names of the candidate VIP be mentioned
once in the document can be explored. That is, the name Clinton appearing
in a document without the mention of Hillary or Rodham somewhere in the
text is not sufficient to resolve the name Clinton to the US Secretary of State
Hillary Rodham Clinton.

4.2.3 Implementation

Similar to the place name driven scope resolution procedure described in Sec-
tion 4.1.3, the GeoVIP based resolution exploits the features of the Lucene
to implement zone indexing concept. Reference scopes are treated as Lucene
documents. And each reference scope is defined by its corresponding GeoVIPs
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Name fij nij (with Kv = 1) fij × nij

Hillary 1 1× log
2 + 42

2
= 3.09 3.09

Clinton 2 1× log
2 + 42

2
= 3.09 6.18

Stockwell 1 1× log
1 + 42

1
= 3.76 3.76

Day 5 1× log
2 + 42

2
= 3.09 15.45

Table 4.13: Person name weight computation for VIPs in Fig. 4.8.

Scope Name Group wi fij × nij wi × fij × nij Eq. 4.10

U.S.A Hillary VIP1 0.40 3.09 1.24 3.71
Clinton VIP1 0.40 6.18 2.47

Canada Hillary VIP4 0.15 3.09 0.46 6.18
Clinton VIP4 0.15 6.18 0.93
Stockwell VIP2 0.25 3.72 0.93
Day VIP2 0.25 15.45 3.86

Table 4.14: Example scope resolution using VIP names in Fig. 4.8.
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MANILA, Philippines After United States State Secretary Hillary
Clinton, Canada’s International Trade Minister Stockwell Day is
also scheduled to visit the country on November 13, Canadas em-
bassy here said Tuesday.

In a statement, the embassy said Day, who is also the minister for
Canada’s Asia-Pacific Gateway, will visit the country to mark the
60th anniversary of the establishment of diplomatic ties between
two countries.

During his visit, Day is expected to announce a new project to
support local business development and highlighting the successes
of Canadian companies in the Philippines in agriculture and food,
transportation, infrastructure, and extractive sectors.

Like Clinton, Day will also tour the site devastated by typhoon
Ondoy and hand out relief goods to beneficiaries.

While in Manila, the minister will meet with President Gloria
Macapagal-Arroyo, other senior officials, and important business
leaders to present Canada as an innovation and investment partner
of choice, as well as to promote Canada’s high-quality products and
services.

Day will also launch the Canadian Food Week in Makati City, and
will plant a tree at the Sun Life of Canada’s premises in Taguig City,
in celebration of Sun Life’s success in the country and its strong
commitment to corporate social responsibility and the environment.
(The company’s new headquarters here uses Leadership in Energy
and Environmental certification.)

Source: http: // globalnation. inquirer. net/ , Accessed: 14
November 2009

Figure 4.8: News story featuring Hillary Clinton and Stockwell Day.
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Field Data

USID Name of Country
VIP1 Head of State, Vice Head of State, Minister of Foreign Affairs

U.N. Ambassador, etc.
VIP2 Cabinet Ministers, Speaker of Parliament, Governor Central

Bank, Chief Justice, Army Chief, etc.
VIP3 Members of Parliament, etc.
VIP4 Heads of States, Vice Heads of States, etc. of neighboring

countries.
VIP5 Heads of States, Vice Heads of States, etc. of non-neighboring

countries.

Table 4.15: Example country scope Lucene index data source.

Field Data

USID Name of District
VIP1 Governor or District Commissioner or Mayor and

their deputies, etc.
VIP2 Members of District Council, Members to the National

Parliament, District Speaker, District Clerk, etc.
VIP3 Members of County Leadership, etc.
VIP4 Governors or District Commissioners of neighboring Districts.
VIP5 Governors or District Commissioners of non-neighboring Districts.

Table 4.16: Example district scope Lucene index data source.

defined according to definitions of GeoVIP groupings in Section 4.2 (on
page 78). Tables 4.15 and 4.16 show candidate data sources to populate
the Lucene index for country and district reference scopes.

Each name’s boost value is computed using Equation 4.11 derived from
Equation 4.10.

GeoV IPBoostFactor = wi × fij × nij (4.11)

where wi is the weight of the ith VIP grouping, fij is the frequency count
of the jth person name in the source document, nij is the weight of the jth

person name computed with Equation 4.9. Algorithm 4.1 outlines VIP based
document geographic scope resolution procedure.
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Algorithm 4.1: VIP Based Geographic Scope Resolution Heuristics.

Input: D = document with GeoVIP names.
Input: V = list of VIP names with weights computed using Eq 4.9.
Input: G = list of global names with weights computed using Eq 4.9.
Input: L = list of local names with weights computed using Eq 4.9.

Output: R = ranked list of document’s geographic scopes.

initialize: Kv, Kl, Kg (see Eq. 4.9 for definition.);1

NL = empty list to hold names with associated boast value;2

foreach name, N, in D do3

initialize: nbst, vbst ;4

if N is-not-in V then5

go to line line 3 and process the next N in D;6

else7

vbst = weight of N in V ;8

nbst = nbst + vbst × Kv;9

end10

if N is-not-in G then11

nbst = nbst + vbst;12

else13

gbst = weight of N in G;14

nbst = nbst + gbst × Kg;15

end16

if N is-not-in L then17

nbst = nbst + vbst;18

else19

lbst = weight of N in L;20

nbst = nbst + lbst × Kl;21

end22

// The following lines implement Eq. 4.11.23

vf = get N ’s frequency-count-in D;24

nbst = nbst × vf ;25

VWT = get VIP type (e.g., VIP1) weight;26

nbst = nbst × VWT ;27

NL = (N, nbst);28

end29

Q = query constructed from NL;30

R = submit Q to trained Lucene, and returns geographic scopes;31
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4.3 Evaluation metric

To measure the effectiveness of scope resolution systems in a standardized
fashion, two things are needed:

1. a gold standard dataset consisting of a reference gazetteer and a refer-
ence document collection with each document marked with geographi-
cal scopes.

2. an evaluation metric to assess the correctness of system assigned scopes
against gold standard scopes.

The current state-of-the-art approach to evaluate scope resolution systems
use a binary metric (Martins, 2008) . This section describes binary and non-
binary evaluation metric to assess the effectiveness of the scope resolution
approach. The non-binary evaluation metric is a new metric proposed in
this work. The research objective addressed in this section is How best can
the performance of scope resolution systems be compared? [Question of binary
vs. non-binary evaluation metric].

The binary metric in Equation 4.12 assigns a score of 1 to a document
when all the document’s n scopes are listed at the top n ranked positions,
otherwise it assigns 0. No attention is paid to correct document scopes
ranked outside the top n ranked positions. The metric does not give a fair
assessment of the overall system performance.

GSa =
| documentswith correctly assigned scopes |
| documentswith scopes in the collection | (4.12)

To illustrate the performance of the binary metric in Equation 4.12, con-
sider a fictitious scope resolution results of System A and System B in Ta-
ble 4.17. Using Equation 4.12 the performance of System A and System B
are 0.67 and 0.50 respectively. Though System A performs better than Sys-
tem B using the metric, it has worst performance for documents d02 and d05
with two correct scopes ranked at the fifth and sixth positions. On the other
hand, System B ranked the correct scopes within the top three ranks.

To provide a smoother scheme that weights smaller discrepancies between
systems, a new geographical scope evaluation metric in Equation 4.13 that
integrates rank scope position in score calculation is proposed.

GSb =

∑N

i=1 P

N
(4.13)

where:
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Documents Scopes System A System B

d01 s01 s01, s02, s04 s04, s01, s02
d02 s03 s02, s05, s06, s04 , s03 s03, s04
d03 s05, s06 s06, s05, s07, s01 s05, s06
d04 s04 s04, s08 s04, s07
d05 s02, s07 s02, s01, s03, s05, s04, s07 s07, s03, s02
d06 s08, s07 s07, s08, s02 s07, s05, s08

Table 4.17: Fictitious sample data to illustrate metric performance.

P =

{

1
Ds

, if scope ranked within the top Ds positions.
1
Sp
, if scope ranked outside the top Ds positions.

where Ds is the number of the document’s geographical scopes (i.e., for
a document with 3 scopes, Ds equal to 3), and Sp is the position of the
correct scope outside the top Ds rank position.

N is the total number of documents with geographic scopes in the
evaluation dataset (i.e., if we had 90 documents in a dataset, and 20 of
these had a geographic scopes assigned to them, then N is set to 20.).

Using Equation 4.13 the performance of System A and System B are 0.81 and
0.86 respectively. Overall System B is a better system compared to System
A, and Equation 4.13 is a better measure to compare systems with ranked
scopes.

4.4 Evaluation

This section describes tests run to validate the performance of the proposed
scope resolution strategies against the human annotated dataset. The perfor-
mance of the proposed non-binary evaluation metric is also validated against
the binary evaluation metric. The research objectives addressed in this sec-
tion are – (1) How best can the performance of scope resolution systems com-
pared? [Question of binary vs. non-binary evaluation metric]. (2) How well
do automatically determined geographical scopes of documents compare to hu-
man assigned scopes? [Question of algorithms and question of gold standard
evaluation].
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4.4.1 Evaluating place name based strategy

The place name based approach is evaluated on the CoNLL 2003 English
dataset (Tjong Kim Sang and De Meulder, 2003). The CoNLL 2003 English
dataset is derived from the Reuters English Corpus (RCV1) (Rose et al.,
2002). The CoNLL 2003 Shared Task training and development dataset con-
sists of 1,162 English language documents. Of the 1,162 documents, 1124
documents contain geographic terms, i.e., place names and geographical ad-
jectives. The documents are assigned geographic scopes at the country level.
Of 1,124 documents 702 are assigned single scopes, 318 double, 73 triple
and 31 four or more scopes. Place names are normalized to names in Geon-
ames.org database, e.g., S. Korea to South Korea, U.S. to USA, etc. The
1,124 documents share 514 unique names and 143 unique scopes with each
document having 2.5 place names on average (see summary in Table 4.18).

Documents 1,124
Place names 514
Scopes 143
Average place name mention per document 4
Average document place names 2.5

Table 4.18: CoNLL 2003 place name statistics.

The geographic scope resolver can assign scope to six levels: continent,
continent-directional, country, country-directional, province and province-
directional. For this evaluation, the country level resolution is turned on
as the geographic scopes assigned to CoNLL collection are at country level.
The system assigns multiple scopes to each document ranking from the most
relevant to least relevant.

No. Scopes One Two Three Four+ Total

CoNLL-2003 702 318 73 31 1,124
GSa(%) 94.00 64.47 26.03 16.13 79.09
GSb(%) 93.59 81.85 67.81 51.00 90.36

Table 4.19: Scope resolution result using Eq. 4.12 and Eq. 4.13.

Table 4.19 shows the summary of system performance computed using
Eq. 4.12 and Eq. 4.13. The overall system performance is good as measured
by Equation 4.13 with performance above average for all documents. On the
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other hand the system performs below average for documents with three or
more scopes when measured with Equation 4.12.
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Figure 4.9: place name based scope resolution performance.

Table 4.20 shows the performance of the PageRank (Page et al., 1999)
and HITS (Kleinberg, 1999) derived algorithms proposed by Martins (2008)
for assigning geographical scopes to documents.The Reuters-21578 corpus 10

contains 19,043 documents, of which 18,405 are assigned to countries or large
geographical area. Although we did not evaluate on this corpus, the perfor-
mance of the PageRank and HITS, and the scope resolution scheme proposed
in this work should be comparable as both the RVC1 and Reuters-21578 col-
lections are from Reuters 11. The Most Frequent heuristic in Table 4.20 as-
signs as a scope the place reference with the greatest frequency of occurrence
in the document. The metric GSa in Equation 4.12 basically measures the
system recall, and therefore, of interest are the recall values from Table 4.20.
The scope assignment algorithms in Martins (2008) are tuned to assign a sin-
gle scope per document. The scope resolution reported in this work achieved
a score of 94% on documents with single scopes. This is comparable to the
recall value reported by Martins (2008) for the PageRank.

10http://www.daviddlewis.com/resources/testcollections/reuters21578/
11http://www.reuters.com/
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PageRank HITS Most Frequent

Precision 99% 99% 99%
Recall 95% 87% 65%
F1 97% 93% 78%
Accuracy 93% 86% 65%

Table 4.20: Results of PageRank and HITS on Reuters-21578 (see Mar-
tins (2008))

4.4.2 Evaluating person name based strategy

The VIP based scope resolution approach is to evaluate on two types of
datasets: pseudo-documents and news articles containing GeoVIP names.
The evaluation is done on a Ugandan dataset with district scope. The Ugan-
dan VIP list of 894 names is derived from the names of members of parlia-
ment, resident district commissioners, chief administrative officers, cabinet
ministers, etc. gathered over the Internet. The list of 10,873 local Ugandan
names is derived from the student admission list to Ugandan public univer-
sities in 2005 and 2009.12 The global list of 5,163 names is derived from the
most common person names in the United States of America.13

Evaluation on pseudo-documents

The motivation behind pseudo-document evaluation is to determine how well
the GeoVIP proposition performs when provided with high quality GeoVIP
information. A pseudo-document is constructed from randomly selected ge-
ographical scopes, and randomly selected VIPs from each scopes. The geo-
graphical scopes are restricted to Ugandan districts. For each document one
to five scopes are selected at random from 82 Ugandan districts. And for
each selected scope, one to three VIPs from the district are selected at ran-
dom. Figure 4.10 depicts an example of three randomly generated pseudo
documents (i.e, d2825, d3216, d2824) presented in an XML format. For
documents d2825 and d3216, one scope is selected with one VIP from the
district. On the other hand, three scopes with a total of four VIPs is selected
for document d2824.

A total of 4,973 pseudo documents were created with 1,005 documents
having one scope, 987 documents with two scopes, 1,042 documents with
three scopes, and 1,939 documents with four or more scopes. The average

12[07 October 2009]: http://mak.ac.ug/
13[07 October 2009]: http://names.mongabay.com/
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<File did="d2825">

<GT name="Charles Oliku" tf="1" gtt="PER" />

<GT name="Bundibugyo District" gtt="SCOPE" />

</File>

<File did="d3216">

<GT name="Akol Rose Okullu" tf="1" gtt="PER" />

<GT name="Bukedea District" gtt="SCOPE" />

</File>

<File did="d2824">

<GT name="Nyombi Thembo George" tf="1" gtt="PER" />

<GT name="Nakazana Kiyingi" tf="1" gtt="PER" />

<GT name="Acen Rhoda" tf="2" gtt="PER" />

<GT name="Bayigga Lulume Micheal" tf="1" gtt="PER" />

<GT name="Mubende District" gtt="SCOPE" />

<GT name="Amuria District" gtt="SCOPE" />

<GT name="Mukono District" gtt="SCOPE" />

</File>

Figure 4.10: Sample pseudo documents.

number of VIPs per document is 4.1, and total number of VIPs involved is
571.

The performance of the VIP-based approach on the pseudo-documents is
depicted in Figure 4.11 as measured with GSa (see Eq. 4.12) and GSb (see
Eq. 4.13). The score corresponding to the document with scope 0 represents
the overall system performance, i.e., GSa = 56% and GSb = 85%. The sys-
tem performed excellently on documents with single scopes achieving overall
score of 94% for both metrics. The performance deteriorates exponentially as
the number of scopes go up when measured using GSa. However, when mea-
sured with GSb, performance goes down gradually which reflects the overall
system robustness as the number of scopes per document increases. The les-
son learned from this evaluation is that when the GeoVIP scheme is provided
with good quality GeoVIP information, it approaches human performance for
documents with signal scopes. This is the same observation seen when using
place names as the source of geographical information to ground document
scopes (see Table 4.19).
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Figure 4.11: VIP based resolution performance on pseudo document.

Evaluation on news articles

A Ugandan news article dataset collected for an undergraduate project at
Gulu University is used for a realistic evaluation of the proposed GeoVIP
based scope resolution procedure. The dataset consists of 43 documents
with a total of 25 Ugandan scopes at district levels. The collection contains
a total of 167 Ugandan VIP names. On average each document consists of 4
VIP names.

No. Scopes One Two Three Four+ Total

News Articles 37 5 1 0 43
GSa(%) 68.0 0.0 0.0 – 58.0
GSb(%) 68.0 30.0 33.0 – 62.0

Table 4.21: Performance of VIP based approach on news articles.

The performance of VIP based scope resolution on news articles is shown
in Table 4.21. Overall it is an average performance in comparison to the
performance on pseudo documents. This experiment shows that exploitation
of VIP names found in documents could help in resolving geographical scopes
of documents especially when the documents contain no mention of places.
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4.5 Conclusion

This chapter described techniques and algorithms proposed to address the
following research objectives:

1. How can place names, geographical adjectives (i.e., adjectives referring
to people and places) and names of people be used to automatically
determine the geographical scope(s) of documents? [Question of algo-
rithm.]

2. How well do automatically determined geographical scopes of docu-
ments compare to human assigned scopes? [Question of gold standard
evaluation.]

3. How best can the performance of scope resolution systems compared?
[Question of binary vs. non-binary evaluation metric.]

The scope resolution strategies are grounded on two basic assumptions:

1. Places of the same type or under the same administrative jurisdiction
or adjacent-to each other are more likely to be mentioned in a given
discourse unit. For example, a discourse mentioning the Netherlands
is more likely to mention places of the type country (e.g., United King-
dom, Uganda) or places under the jurisdiction of the Netherlands (e.g.,
Amsterdam, Rotterdam) or places adjacent to the Netherlands (e.g.,
Belgium, Germany).

2. VIPs (i.e., political leadership) in the same geographical region or at
the same leadership hierarchy level tend to be mentioned together in a
unit of a discourse. That is, presidents are most likely to be mentioned
together with the members of their administration or with presidents
of other countries in a unit of a discourse. For example, US President
Barack Obama is most likely to be mentioned in a discourse together
with US Vice President Joe Biden or President Yoweri Kaguta Musev-
eni of Uganda in a discourse.

The new scope resolution strategy with place names exploits place name
frequency of occurrence in a document, geographical adjectives (referring to
people and places), place type (e.g., country, city), importance of a place
based on population and place type, and vertical (transitive parent-of/child-
of) and horizontal (adjacency or neighborliness) relationships. The place
name derived scope resolution procedure defined a new data model to de-
scribe a geographical scope. This model is used to define 26,820 refer-
ence scopes which are implemented using the zone indexing concept within
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Lucene IR system. Each reference scope is implemented as a document. The
weighted zone scoring concept is implemented through the Lucene query
term boost and multi-field query capability. The place name based strategy
achieved an evaluation score of 79.09% on a binary evaluation metric and
90.36% on the newly proposed evaluation metric on news articles.

The proposed scope resolution strategy with person names exploits the
relationship between GeoVIPs (i.e., political leaders) and administrative ar-
eas over which they exercise their legal authority. Each GeoVIP is mapped
to the area of his or her jurisdiction, and this mapping relationship is used to
resolve the geographical scopes of documents mentioning the GeoVIPs. The
strategy achieved an evaluation score of 58.0% on a binary evaluation metric
and 62.0% on the newly proposed evaluation metric on news articles.

The new evaluation metric for the scope resolution task provides a smoother
scheme than the binary scheme by weighting small discrepancies between
systems. The scheme incorporates the rank position information of all the
correct scopes (in the result list) to evaluate the system performance.

In future we intend to evaluate combining the place name-based strategy
and the GeoVIP-based strategy. The new evaluation metrics will also be
implemented and tested.


