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Chapter 8

Conclusion

And the things that you have heard

from me among many witnesses, commit

these to faithful men who will be able to

teach others also.

2 Timothy 2:2
(The New King James Version)

This thesis’s contribution to geographical information retrieval (GIR) re-
search are in the following areas: (1) a new scope resolution strategy to
resolve a document’s geographical coverage; (2) a new evaluation metric for
geographical scope resolution tasks; (3) a new toponym resolution scheme
grounded on geographical scopes assigned to documents; (4) a new set of
evaluation metrics for toponym resolution tasks; (5) new insight into geo-
graphical relevance feedback strategy for geographical information retrieval
(GIR) tasks; and (6) a new relevance ranking metric exploiting geographical
scopes assigned to queries and documents. We have also initiated work on a
new evaluation dataset for toponym resolution evaluation derived from doc-
uments which are relevant to GeoCLEF topics (see Chapter 3). This chapter
summarises the work done in this thesis giving direction for future work in
certain areas.

8.1 Achievements

We note in this section the achievements made in realizing the research objec-
tives outlined in Chapter 1. The two main research objectives are: (1) how
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150 Chapter 8. Conclusion

to mine and analyze the geographical information (GI) concealed in text,
and (2) how to use geographical knowledge discovered to build models and
concepts to answer geography-dependent user information needs.

8.1.1 Scope resolution

Chapter 4 described new strategies to address the problem of a document’s
geographical scope resolution. The following research objectives are ad-
dressed in the 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.]

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

The scope resolution is 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
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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
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 strat-
egy achieved an evaluation score of 79.09% on a binary evaluation metric
and 90.36% on the newly proposed non-binary 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 binary evaluation metric
and 62.0% on the new 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.

8.1.2 Toponym resolution

Chapter 5 described a toponym resolution strategy grounded on the doc-
ument’s geographical coverage(s). In addition, a new evaluation metric is
proposed to evaluate the toponym resolution task as well. The research ob-
jectives of this chapter are:

1. How effective is the document’s geographical scope or coverage in aiding
the resolution of toponyms contained in the document? [Question of
heuristics.]

2. How best can the performance of toponym resolution systems be com-
pared? [Question of binary vs. non-binary evaluation metric; and the
question of reference evaluation corpora.]

The toponym resolution scheme exploits the geographical scopes assigned
to documents, place types (e.g., city, mountain, etc.), classification of place
(e.g., administrative unit, vegetation, etc.), population size, and frequency
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of non-ambiguous or resolved places to accomplish the task of resolving an
ambiguous place name to the location it refers to on the surface of the earth.

The proposed scheme performed robustly on three evaluation corpora –
TR-CoNLL, TR-CLEF, TR-RNW. It was noted that the selection of coun-
tries and national capitals (CCC) as the location being referred to among the
competing candidate locations performs extremely well on stories with global
scopes. However, on collections with more varied geographical scopes, such
as the TR-CLEF collection, the performance of CCC and largest population
(POP) heuristic drops. The new scheme proposed in this work performed
robustly on all the three corpora beating the baseline heuristics (CCC and
POP) by a very significant margin. The proposed scheme performed robustly
on news articles and summaries, and out-performed the state-of-the-art sys-
tems (Leidner, 2007) reducing the error by 57.8%. On a human annotated
dataset, the scheme achieved performance mean average precision (MAP)
score in the range of 70% - 80%.

The new proposed toponym resolution evaluation metric integrates the
following features in its calculations: (1) the number of candidate places for a
given reference; (2) the number of regions to traverse from the system resolve
referent to the correct gold standard referent; and (3) the number of feature
classes traversed from the system resolved referent type to the correct gold
standard referent type.

8.1.3 Query expansion

Chapter 6 explored query expansion strategies for a geographically con-
strained information retrieval task. The research objectives addressed in
this chapater are:

1. How effective is relevance feedback for the geographical information
retrieval task?

2. How effective is a scope-controlled toponym selection scheme in the
relevance feedback procedure?

The application of relevance feedback (i.e., blind and explicit feedback) pro-
cedures to improve retrieval by adding place names found in the relevant
documents was investigated in depth. Two schemes were explored – one
scheme adds place names found in the relevant documents directly, and the
other adds place names found in the geographical scopes of documents which
are relevant to the search query. The first approach is termed the term-
based scheme and the second the scope-based scheme. The term-based and
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scope-based scheme derived place names to add to query as follows: term-
based(names) = {M} and scope-based(names) = {M ⊆ S}, where, M are
the commonly occurring place names in the relevant documents and S the
commonly shared scopes among the relevant documents.

On all documents (i.e., including documents used for query expansion),
the term-based scheme achieved a mean average precision (MAP) score of
0.4245 with five (5) relevant and five (5) non-relevant documents. This
presents an improvement of 55.84% over the default search engine retrieval.
The scope-based scheme achieved a MAP score of 0.3057 with five (5) scopes
and thirty (30) relevant documents presenting an improvement of 12.22%
over the default search engine system.

For a more realistic evaluation, a residual document collection consisting
of documents previously not used for query expansion is used. On the residual
document collection (i.e., minus the documents used for query expansion),
the scope-based scheme outperformed the type-based scheme by 33% (i.e.,
MAP score of 0.2025 as opposed to 0.1524 ) and default Lucene system by
9.5% (i.e., MAP score of 0.2025 as opposed to 0.1850 ).

The scope-based scheme is more comprehensive in how it selects place
names to expand the geographical component of the search query. It first
selects the most commonly occurring place names from the relevant docu-
ments. From this set, it then selects the place names belonging to the most
commonly shared geographical scopes among the relevant documents. These
are the place names that are finally used for query expansion. This is what
gives this scheme the robustness to perform well when evaluated on a residual
document collection. However, more evaluation should be done to replicate
the observation.

8.1.4 Relevance ranking

Chapter 7 describes a new relevance ranking scheme which exploits the geo-
graphical scopes and feature types in documents and search queries to rank
documents by geography. The overall research objective of the chapter is to
investigate how well the geographical scope and feature type information can
be incorporated into the document ranking procedure to prioritize documents
by geography. The scope-based metric is used to rank documents for queries
which are resolvable to at least one scope. On the other hand, the type-based
metric is used to rank documents when a query string contains a geograph-
ical subject or type without place name or geographical adjectives referring
to places or people.

The non-geographic and geographic relevance scores are combined through
linear interpolation and weighted harmonic-means. The harmonic mean-
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based combination achieved a better performance than linear interpolation.
A better performance is observed when the importance attached to the non-
geographical retrieval outweighs the importance attached to the geographical
retrieval. The best performance is achieved with harmonic mean derived for-
mula with MAP scope of 0.2935, an 8.9% improvement over standard search
engine.

8.1.5 Evaluation data

Chapter 3 described two new corpora we are developing from existing news
collections for toponym resolution evaluation task – the TR-CLEF and TR-
RNW corpus. The TR-CLEF corpus is derived from the relevant documents
to GeoCLEF campaign topics, and the TR-RNW is derived from the Radio
Netherlands Worldwide summaries. The evaluation of human performance
shows that the toponym resolution is a non-trivial task for ordinary users
with average secondary school geography knowledge. It is also found that
the resolution of toponyms of type city, town and village is more difficult
than resolution of toponyms of type continent, country and capital city.

8.1.6 Reflection

As a way of reflection, we list here the significance of our results and conclu-
sions drawn from them:

i Paying attention to the places mentioned in a document can help in
determining the geographical coverage of a document. For example,
a document that mentions the Netherlands is more likely to mention
places within the Netherlands or countries adjacent to the Netherlands
or non-adjacent countries to the Netherlands.

ii Paying attention to the VIPs (e.g., political leaders) mentioned in a
document can be used to determine the geographical coverage of a
document. For example, US President Barack Obama is most likely to
be mentioned in a document together with the US Vice President Joe
Biden or President Yoweri Kaguta Museveni of Uganda.

iii The concept of geographical scope can be defined and modelled as
a kind of document. These documents can be indexed and searched
using a standard search engine algorithm. The strategy achieved the
performance score of 58% (when the names of people are used) and
89% (when the names of places are used).
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iv The concept of geographical scope provides a promising framework to
effectively ground names of places to locations they refer to on the
surface the earth. The scheme proposed in this thesis out-performed
the state-of-the-art system (Leidner, 2007) reducing error by 57.8%.
On evaluation against human annotated dataset, the scheme achieved
performance scores in the range 70% - 80%.

v The concept of geographical scope provides an effective framework to
select names of places to use in expanding query geographical terms for
relevance feedback scheme. The strategy achieved an improvement of
9.5% over the state-of-the-art information retrieval system.

vi The concept of geographical scope provides a promising framework to
incorporate geographical information into relevance ranking procedure
to improve the performance of the state-of-the-art information retrieval
system by 8.9%.

vii Two evaluation metrics that measure small discrepancies among the
competing scope and toponym resolution system are proposed. The
metrics extend the state-of-the-art binary metrics for scope and to-
ponym resolution evaluation.

8.2 Future work

8.2.1 Scope resolution

The scope resolution strategy described in Chapter 4 uses populated places
and administrative units to ground the scope of documents. Investigating
other types of geographical features to ground document scopes is needed to
measure how well they can perform against populated place and administra-
tive unit based resolution. Beside resolving a document’s scope to locations,
feature type-based scope resolution needs to be investigated to help answer
user queries such as ‘lakes with monsters’.

The approaches that utilize the document’s geographical scope informa-
tion appear to perform relatively well within the geographical information
retrieval (GIR) framework, for example, in relevance ranking and relevance
feedback scheme. More investigation is needed in these areas to explore and
understand the implication of scope information in other areas of GIR sys-
tem.

The preliminary investigation in the use of GeoVIPs (i.e., political leader-
ship) to ground geographical scopes of documents looks promising especially
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when the only source of geographical information is the name(s) of politi-
cal leaders. However, there is need to further investigate this at all levels
of administrative hierarchies, for example, from village to country and be-
yond. Secondly, there is need to investigate how well the GeoVIP and place
name-based approaches complement each other for a better result.

8.2.2 Toponym resolution

The evaluation of the toponym resolution procedure in Chapter 5 shows that
it offers a competitive alternative to existing systems. However, majority of
the references in the evaluation dataset refer to countries, national capitals,
cities, towns, etc. Evaluating the scheme on datasets that mention geograph-
ical features of the type street, park, monument, etc. would go a long way
in validating the strategy proposed.

More comparative study of the proposed toponym resolution evaluation
metric against existing metrics, for example, the precision, recall and f-score
metrics is needed to establish the suitability of the metric. Also there is need
to investigate the possibility of adopting some of the features of proposed
metrics for relevance ranking in geographical information retrieval (GIR)
task.

8.2.3 Query expansion

Chapter 6 explored query expansion strategies for geographically constrained
information retrieval task. Although the performance improvements reported
are encouraging, geographical information retrieval is still in its infancy.
More research needs to be done to explore the contribution of geographi-
cal information in documents to improve search engine performance against
geographically constrained search queries. In relation to the work reported
in Chapter 6, the following areas need to be investigated:

1. Query expansion using adjectives (referencing people and places) and
geographical feature types (e.g., city, river, mountain, etc.).

2. Effective ways to exploit geographical scopes for query expansion.

3. A geographical map-based user interface to aid in selection of geograph-
ical area(s) of interest for query expansion.

4. The use of two sets of document collections, such as the RCV1 (Rose
et al., 2002) and the GeoCLEF (Mandl et al., 2009) collections to mea-
sure the effectiveness of the query expansion strategies in GIR. One
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collection, e.g., the RCV1 could be used for the initial query and rel-
evance judgments, and second collection, e.g., GeoCLEF corpus for
comparative evaluation (Manning et al., 2007).

5. A user study on how effective geographical query expansion strategy is,
in particular by doing a time-based comparison. That is, how fast can a
user find geographically relevant documents with relevance feedback vs.
another strategy (such as query reformulation), or alternatively, how
many geographically relevant documents does a user find in a given
amount of time (Manning et al., 2007)?

8.2.4 Relevance ranking

Chapter 7 described a new relevance ranking strategy. However, the open
question is how we can effectively utilize geographical information gathered
through scope and toponym resolutions to improve search engine effectiveness
in answering geographically constrained user information needs. One such
area to investigate vigorously is the relevance ranking algorithm. That is,
how effectively and efficiently can geographical information be incorporated
into a relevance ranking algorithm without harming the effectiveness of the
non-geographical retrieval task.

8.2.5 Evaluation data

Chapter 3 describes the two new evaluation datasets for the toponym res-
olution task. The immediate future work in this area is to complete the
annotation of toponyms contained in all documents which are relevant to
GeoCLEF topics (see Appendix B). Beside annotating the toponyms found,
geographical adjectives (referring to places and people), the names of per-
sons and the names of organisation will be tagged. This information provides
useful clues for the resolution of the geographical scope of documents. Fur-
thermore, all the documents will be assigned geographical scopes. The new
corpora (i.e., TR-CLEF and TR-RNW) will be released to the geographical
information retrieval (GIR) research community during 2010.

8.3 Final remark

This thesis sets out to investigate the argument that geographical information
contained in documents and search query texts may be useful to improve the
quality of information retrieval especially when the user formulates queries
in a geographical information retrieval (GIR) setting. New schemes were
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proposed to extract geographical information from documents, and the eval-
uation of these techniques yielded promising results with both toponym and
scope resolution routines achieving performance of 70% and above. An open
question is how geographical information extracted from documents can be
utilized to improve the quality of relevance ranking in GIR domain, or, how
can these information be used to improve user experience when performing
GIR tasks.


