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To address the task of automated query expansion with compound queries we make use of the

highly structured Wikipedia corpus. We consider every article linked to by a specific disambigua-
tion page as a unique sense. Using language modeling analysis over the articles referred to in order

to determine which sense is most likely intended by considering the co-occurence of the different

query terms in articles associated with candidate senses. Expansion terms are selected from the
Wikipedia disambiguation sentence and added to the user defined query. An evaluation of this

method is performed with the CLEF english collection and the TREC defined relevance assessments

metrics. We observe a notable improvement in mean average precision in both of our experimental
conditions, which differ only in the weighting of original query terms and expansion terms.
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1. INTRODUCTION

Many everyday words and phrases have multiple senses. Be it as simple as bank
or a more elaborate topic representing phrase like Lord of the Rings. Trying
to retrieve documents about a certain topic, a user might have another sense in
mind than the most often occurring sense; instead of the book trilogy the user is
searching for a certain card game or the film and uses additional terms. There
are two approaches to find appropriate documents, either using a user revision or
automatic query expansion. For the latter, topic disambiguation is of crucial value
for user experience in this context. Wikipedia, a user created encyclopedia, includes
structurally distinct disambiguation pages that can be used for automated query
expansion. We use this resource in a language modeling paradigm to estimate the
most likely sense of a compound query.

1.1 Previous Work

Word sense disambiguation (WSD) has been a subject of research for several years.
Approaches range from knowledge based algorithms [Lesk 1986] and [Navigli and
Velardi 2005] to data-driven methods using supervised and unsupervised learning
[Ng and Lee. 1996; Yarowsky 1995; Bauer 2007]. Further work has already been
done using Wikipedia for WSD [Mihalcea 2007; Mihalcea and Csomai 2007] but
not applying it to a global query expansion intended for queries to another corpus,
similar to the use of wordnet. Unlike it has been done with wordnet [Gonzalo et al.
1998] or using latent semantic indexing [Deerwester et al. 1990]. Typical local query
expansion techniques used are relevance feedback and pseudo-relevance feedback
[Lavrenko and Croft 2001], based on the work by [Rocchio 1971]. Before expanding
a query we have to define its hardness, denoting the difficulty to retrieve relevant
documents given the query. There are different approaches to find different query
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meanings, e.g.: [clu ] clusters documents given a query as many distinct clusters
given a certain query indicate its difficulty [Carmel et al. 2006]. A good survey on
query expansion can be found in [Xu and Croft 1996].

1.2 Outline

Using a language modeling approach based on the common sense based category
system of Wikipedia seems feasible for query expansion. In our approach we will
define a query as hard, as soon as a subphrase has a Wikipedia disambiguation page
(see Section 3.4). We will apply a global query expansion by finding out the correct
meaning based on a language model (see Section 3.3) and then using important
terms for that meaning as expansion terms (see Section 3.6). We will further
evaluate the performance of this approach using the CLEF British newspaper corpus
(see Section 4) and propose some future extensions (see Section 5.1).

2. WHY WIKIPEDIA?

2.1 Wikipedia

Wikipedia is a free, online encyclopedia. It is free in two ways; its contents are
freely available and everyone is free to contribute to the corpus so long as they
adhere to the Wikipedia standard format. Everyone is able to create and modify
existing articles, but also suggest the deletion of inappropriate or wrong content.
Since its foundation in 2001, Wikipedia has evolved to the biggest encyclopedia
in the world, being available in more than 200 languages with the English version
alone featuring 2,373,410 articles, created by the 75000 registered users [Wikipedia
2008c].

Wikipedia has strict style guidelines, which are actively enforced by the Wikipedia
community in order to maintain a consistent quality of content and structure. There
are guidelines for every kind of entry, ranging from lead paragraph [Wikipedia
2008b] to disambiguation page [Wikipedia 2008a]. Still, the encyclopedia is created
by the masses and contains mistakes — for corpus analysis the incompetent usage
of tags and differences in writing style is a big problem.

The basic entity of an entry in Wikipedia is an article. An article can have
different forms, from being a template that has to be imported to fix a specific
style for all elements of a category system to disambiguation pages. Disambiguation
pages for a phrase like Seven senses of ambiguity have a very short description
of the different topics, in this example we may be referring either to the novel or the
literary criticism. These descriptions contain mostly one link to an article covering
this material. If there is no article available, the disambiguation page offers a short
and concise explanation of the topic [Wikipedia 2008a]. Every article in Wikipedia
should consist of a summarizing introductory (lead) paragraph and a more detailed
body. Furthermore, it might include templates. Also, content is supposed to be
backed-up by citations, articles without sufficient literature are edited or flagged as
incomplete.

Still, disambiguation pages and sense descriptions might be opinionated, missing
a higher neutral instance. With its large community participating in its creation
we assume this opinion being that of the masses [Ciffolilli 2003].
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2.2 Wordnet vs. Wikipedia

Wordnet [Fellbaum 1998] is an electronical database of word relations written by
professional lexicographers. It has been a valuable resource to computational lin-
guists for years, with all open-class words being parts of a synonym set which are
interconnected by semantic relations. Each words sense is described with a short
sentence, each open-class word is again linked to its senses. As Wikipedia, it is
self-contained within its link structure.

Wordnet has at least two drawbacks compared to the usage of Wikipedia. All
synonym sets are created by professionals. This means, the descriptions and their
linking is correct. However, the average user does not always think correctly. With
Wikipedia being a resource created by the masses, we hope to take advantage of
intuitive semantics and not a scientific approach. Further, topics are not always
covered within wordnet. The phrase Seven senses of ambiguity is not explained
in Wordnet as it is more concentrated on the basic elements of language (e.g.: bank)
as compared to phrases. Additionally, wikipedia offers with the articles connected
to a certain sense a lot more topic related terms than a short description of a
synonym in wordnet1.

3. MODELING

3.1 Data

We used the English xml-corpus created at the University of Amsterdam in August
2007 described in [WikiXML ].

We take advantage of the highly structured xml format to facilitate our modeling
procedure. Every wikipedia page has two major divisions, the head and the body.
The head stores all metadata like the title and the document ID, whereas the body
contains the relevant content. In the following we will only focus on the for us
important features, a complete survey on this corpus can be found in [WikiXML ].

3.1.1 Articles. In our terminology everything is an article, even templates and
disambiguation pages. An article may use different templates and tables, which
means a lot of metadata within the body. Additionally, each article might link to
an arbitrary number of other articles and can emphasize text. For our purposes we
focus on those articles linked by disambiguation pages and which provide specific
information exclusive to one sense of the title term. These articles are supposed
to have a structure which can roughly divided into two parts, introduction and
content. Examining an average Wikipedia article, we can see that the introduction
is separated from the content by a table of contents which is automatically created.
Within the corpus this is marked by a <div id="wx_to"/> tag. Articles without
such a marker are most incomplete and called stubs [Wikipedia 2008b].

3.1.2 Disambiguation pages. Within the disambiguation body we can find list
items, denoted by standard list item html tag. From the data we have examined,
we can safely assume that each list item is a unique explanation of the title. Fur-
ther, each disambiguation page uses a disambiguation template with the number

1Of course, advanced lesk algorithms use related words descriptions as well to create overlap, still

wikipedia has way more words.
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9950598. A disambiguation item does not necessarily need to be linked to another
more precise article on that topic and may just consist of an explaining sentence
(see Figure 1).

Fig. 1. An example disambiguation page

3.1.3 Links. Internal links are used to browse between wikipedia articles. A link
contains three important pieces of information, the document ID, the title of the
article, and describing text. The document ID can be used to access the document
within the corpus as this can the filename. Looking at two examples in Figure 2
the to-be-shown text is between the link tags (<a>). When the rendering machine
has only these links, it uses the title of the link and it therefore becomes a part of
the displayed text. Furthermore, there are dead links, or not yet written articles.

<a href="/wiki/Herma" title="Herma" wx:linktype="known"

wx:pagename="Herma" wx:page_id="86289" id="wx7">Herma</a>

<a href="/wiki/Herma" title="Herma" wx:linktype="known"

wx:pagename="Herma" wx:page_id="86289" id="wx7"/>

Fig. 2. Two examples of a link

3.2 Levels of word sense

Given the title of a disambiguation page, the different word senses are all displayed
as disambiguation items. We now describe three different levels of information a
word sense might have.

3.2.1 Disambiguation item. The most compact representation of a meaning is
the disambiguation sentence, see [Wikipedia 2008a], explaining the context of a
meaning. In its guidelines, Wikipedia tries to enforce the contextual description as
compared to a dictionary description. Assuming this context is correct, this is the
best source of information pertaining to a topic we can have. Unfortunately, due
to the lack of words in a short sentence, its probability model might be sensitive to
outliers.
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3.2.2 Introduction. According to the Wikipedia guidelines the introduction must
establish a context and be a concise summary of the topic. It is thus more elaborate
[Wikipedia 2008b] but still compressed source of information about the word sense.
Nevertheless there might be words used that do not have anything to do with the
sense. Sometimes an article is linked to a sense, which covers the sense in one
section of the article, but this sense is not mainly the topic (for the term Canton
there is an entry of flag terminology). Thus, the introductory paragraph is not
a summary of this topic, which decreases its reliability.

3.2.3 Body. The body is a detailed description of the topic. It does not nec-
essarily have all information in a compressed way, it is rather elaborate and has
some terms which are semantically not very close to the original meaning. Still, we
assume that the use of words is representative for the specific topic, especially if we
use a general background probability for the English language.

3.3 Building a model

Given a query q consisting of query terms t, we would like to maximize the the
probability that a query is generated by the sense model θs, with s ∈ S, the set of
all senses:

arg max
s∈S

p(q | θs) (1)

Assuming independence between query terms we can derive:

p(q | θs) =
∏
t∈q

p(t | θs) (2)

All formulae should be p(q | θs, C), with C being the Wikipedia corpus, but for the
sake of readability we omit this.

Given a meaning s, we have a disambiguation model θd
s , a introduction model θi

s

and a body model θb
s. We can now, using 4-step interpolation smoothing [Zhai and

Lafferty 2001], calculate p(t | θs) the following:

p(t | θs) = λ1 · p(t | θd
s) + λ2 · p(t | θi

s) + λ3 · p(t | θb
s) + λ4 · p(t), (3)

with
∑

i λi = 1 and p(t) being the background probability (see Section 3.5).
Using a simple language modeling approach, we assume time-invariance and in-

dependence of the words within each section, thus we can say

p(t | θd
s) =

f(t, d)∑
j∈d f(j, d)

(4)

p(t | θi
s) =

f(t, i)∑
j∈i f(j, i)

(5)

p(t | θb
s) =

f(t, b)∑
j∈b f(j, b)

(6)

with f(j, d) denoting the frequency of a term j in the disambiguation sentence,
f(j, i) denoting the frequency of a term j in the introduction paragraph and f(j, b)
denoting the frequency of a term j in the article as a whole, the body.
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3.4 Finding ambiguous words

Given a query q, we wish to know which terms or combination of terms is ambiguous.
Disambiguation titles often do not consist of only one word (e.g.: book or movie
titles). Accordingly, we take all n-grams of the words until n is the maximal length
of a title and compare these n-grams with the titles in our list. If we have a match
we find the highest probable meaning and add the expansion terms (see Section 3.6)
to the list of query terms. In this way our query expansion process is transparent
to the user.

3.5 Background Probability

The background probability p(t) for a term should use the whole corpus of wikipedia
as a resource. Unfortunately, due to time restrictions we only use 5% of the articles
as resource to assemble word probabilities. This might cause serious problems
with respect to smoothing and cause zero probabilities. To compensate for this
shortcoming we use random sampling to select the 5% used.

3.6 Expansion terms

We now have a certain sense m for a word (sequence) t and are searching for an
effective way to expand our query. Query expansion is a delicate process; on one
hand it might cause a drifting in topic which is intended by the user, on the other
hand it might be too general and fails improve search performance. We considered
several methods of expanding a query given a sense m, but due to time restrictions
we implemented a combination that seemed the sensible.

Words within a sentence are usually only linked when they are considered as
important [Mihalcea and Csomai 2007] or generally, a good means of disambigua-
tion. We could therefore use the words or titles of the links as query extensions.
Unfortunately there are phrases that contain no links at all and therefore consist
of a word distribution and with no expansion terms at all. This leads to a differ-
ent approach which uses the whole sentence. The disadvantage of this approach is
clearly the use of irrelevant words (stopwords) and re-occurring words. We could
therefore take the set of words within the sentence and a apply a stopword list to
circumvent these issues.

As a further resource of information, the linked article might be considered.
In this case the choosing expansion terms might be manifold; ranging from the
usage of link terms over emphasized words (indicated by italics) to section titles.
Furthermore, all these terms could be used, using different weights, based on their
type but also on the occurence within the document.

Different senses can have similar word distributions and sometimes different p(q |
θs) are very close together. To avoid strong query drift to a sense that does not
have a high probability the usage of an ε, indicating the difference between the two
senses with the highest probability. The smaller ε is, the less certain we can be
about the topic we are looking for. With this approach we may assume that the
user is not looking for both senses.

Our final implementation uses the disambiguation sentence and an ε to decide
wether the query is expanded or not.
Proceedings of IIR, University of Amsterdam 2007/2008
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3.7 Implementation

The fundamental code of this approach uses the programming language python,
version 2.5. We make extensive use of regular expressions to clean up the articles
for our needs. Furthermore we have developed an index structure for different
senses, allowing us fast and efficient access after the senses are indexed.

3.7.1 Link to article. A disambiguation sentence can have different links to
related articles. We are only interested in the ID of the article containing more
information about the sense described in the disambiguation sentence. Näıvely, we
simply take the link with the same title or embedded text as the disambiguation
page, assuming that the linked articles’ title is the same as the disambiguation page.
This assumption is not necessarily valid, i.e. for the disambiguation page of the
word herm, having linked articles with the titles Hermaphrodite, Herm, Hermit or
Herm, Landes. This näıve approach would only match one of the articles links and
omit the rest. Using the Jacquard Similarity [Jaccard 1912] between the articles’
title and the disambiguation terms helps at least to also find Herm, Landes but
still does not find the remaining ones. We then make use of a typical dictionary
language feature of stating the article describing the sense first, as also proposed in
the guidelines of Wikipedia [Wikipedia 2008a]. This approach works for at least a
small subset of data. Additionally, we deleted the little phrase (disambiguation)
out of every disambiguation page’s title.

3.7.2 Word distributions. Even though emphasizing words increases their im-
portance we ignored all mark-up; emphasizing mark-up was completely removed
as well as section and link mark-up. In the latter case we remember the fact that
something is a link for further extensions of the program. Templates were com-
pletely removed, but as templates contain important information (e.g. categories
of animals), we tried to extract as much content as possible from the mark-up prior
to its deletion.

Using the information about our data, explained in Section 3.1, we used regular
expressions to extract the different text excerpts. The elaboration of all regular
expressions would be out of the scope of this paper, but let us discuss one typical
example: the extraction of the introduction section. We first had to find the body
of the article: <body>(.*?)</body>, using non-greedyness and thus respecting the
tag ends. From that we could first try to match the table of contents, which is
supposed to end the introductory paragraph:
<div id=\"wx_article\">(.*?)<div id=\"wx_toc\"\/>.

If the article is too small and does not contain enough sections, a table of contents
is not included and we have to search for the end of the first section:
<div id=\"wx_article\">(.*?)</wx:section>.

For articles that are not valid xml, these regular expressions may yield inconsistent
results. We therefore, at the end, delete everything that seems to be xml, before
tokenizing. The remaining words were tokenized using the tokenizer distributed
with the tree tagger [Schmid et al. 2007].

3.7.3 Index structure. Our index structure has a list storing all titles of the
senses and the link to a list of senses. As this data structure might become very
large, we decided to use a filename as link, which yields a file containing a list of
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meanings associated with the title of the disambiguation page. This file is only
read in if the title within our list matches. This is due to the practical limitation
of system memory. Each sense is an instance of the class Meaning, storing word
distributions for the disambiguation sentence as well as for the introduction section
and for the body of the associated article. Further, it stores the articles id and a
list of expansion terms. Each sense s can, given a query q, return p(q | θs) with θs

being based on the word distribution using the model described in section 3.3.

4. EXPERIMENTS

4.1 Setting

The experimental paradigm we have used to evaluate our query expansion process
was designed as follows. We used the lemur information retrieval platform [CMU
and UMASS ] using a stopword list distributed by snowball. We did not use
stemming. As a test corpus, we used the clef newspaper collection, containing
169477 documents with 89924497 tokens and 312375 types. The created index has
a size of 727 MB and took approximately two hours to build on an average home
computer. Analogously to our disambiguation index, we applied the Tree-Tagger
tokenizer [Schmid et al. 2007].

4.2 Results

Fig. 3. Unweighted Expansion Terms

The baseline condition to which we compare our approach uses only the titles
of the queries since using the title and description would yield queries that do not
resemble those submitted by real users [Jansen et al. 1998]. All queries contain
between two and five terms. The baseline performance achieved was 2.14% mean
Proceedings of IIR, University of Amsterdam 2007/2008
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Fig. 4. Weighted Expansion Terms

average precision (MAP) within the top 10 documents retrieved. This result was
scored using the trec relevance assessment metric provided with the clef collec-
tion.

Choosing appropriate smoothing parameters is always subject to experimenta-
tion. Due to time restrictions we decided to use parameters based on common sense
rather than doing extensive experimentation. With the disambiguation sentence be-
ing the most reliable information source, we set λ1 to 0.5, bearing in mind that due
to the usually small size of the disambiguation sentence more weight should be put
on this language model. We used incrementally decreasing λ values for larger por-
tions of each article, λ2 being 0.3 and λ3 0.15. As such, the background probability
acts only to smooth out zero probabilities and is set to 0.05 for λ4.

Using only the title terms from the standard queries we generated a list of ex-
pansion terms for each query and repeated an identical evaluation process. The
resulting MAP was 5.09%, a notable improvement from the baseline condition.
Due to the occasional occurrence of query drift we repeated the evaluation process
weighting the expansion terms by a factor of 0.2. This lead to a decrease in perfor-
mance with a MAP of 4.6%. A per-query analysis of our results can be seen below.
Condition 1 corresponds to the expanded query with no weighting (refer to Figure
3) and Condition 2 shows the results of weighting the expansion terms (see Figure
4). Condition 1 is for more query terms significantly better than Condition 2, but
both being in more cases significantly better than the baseline.

The individual query analysis allows us to examine specific instances where per-
formance changed most dramatically. Substantial improvement was seen in query
198 in the unweighted condition. The original query was Honorary Oscar for
Italian Directors. The generated expansion terms were: unpaid, part-time,
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diplomatic, consul, academy, awards, popularly, called, oscars, film, person,
responsible, orchestrating, artistic, dramatic and aspects. The addition of
the terms academy, awards, and film yield documents that more closely match
the relevance assessment criteria provided. An example in which precision declines
with the inclusion of expansion terms is seen in query 141. The original query
is Wimbledon Lady Winners, the expansion terms added were championships,
championship, grass, court, tennis, tournament, grand and slam. Clearly, the
additional terms allow for more general candidate results and thus demonstrate the
occurrence of query drift.

5. CONCLUSION

5.1 Future Work

One limitation of this approach is the potential for query drift. In cases where the
Wikipedia disambiguation page links to several slightly different senses of a term
that are still semantically close, a large number of expansion terms are generated.
It appears that reducing the emphasis on expansion terms by means of reduced
weighting is ineffective. Future improvement would necessitate the exploration of
alternative means of accounting for query drift. One such approach would be the
use of a custom stopword list that eliminates high frequency words specific to the
disambiguation descriptions.

A practical consideration regarding the use of Wikipedia is the volatile nature of
some content. Being an inherently dynamic corpus provides the advantage of being
constantly up to date which is useful as users tend to submit queries pertaining to
current events, however the use of an xml dump is a suboptimal approach. The re-
implementation of our algorithm to function as a crawler that dynamically retrieves
expansions terms from the live corpus would take advantage of the dynamic nature
of Wikipedia.

Implementationally, we noticed that in some disambiguation pages the most com-
mon usage of a term or topic is described in an introductory sentence, occurring
before the itemize environment. The code should be adjusted accordingly.

Diverging from the conventions of a language modeling approach we ignored doc-
ument length. Previous work in language modeling shows that longer documents
tend to have higher probabilities of general word occurrence and are therefore pre-
ferred over shorter ones. The use of a document length dependent prior probability
would account for any problems resulting from the omission of explicit document
length consideration.

We observed that some query expansion terms should be treated as a single term
as they relate to a single subject. This is shown in one of our expansion examples,
grand and slam are treated as two distinct expansion terms but would be more
valuable if used as a single term.

Further experimentation regarding the use of different smoothing parameters and
ε would be beneficial in finding optimal performance settings.With the availability
of Wikipedia in a multitude of different languages it should be feasible to use this
approach for other languages than English. Despite smaller corpora, we expect
equally good results as the approach itself is language independent.

In order to assess the suitability of the Wikipedia corpus as a means of generating
Proceedings of IIR, University of Amsterdam 2007/2008
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appropriate expansion terms a comparative study between the approach described
hear and a similar approach using Wordnet would be valuable.

5.2 Discussion

Query expansion using terms drawn from Wikipedia disambiguation pages shows
promise as a method for automatically addressing ambiguity in user performed
searches. Due to the user-centered nature of the content contained within this
corpus we believe it provides a more natural distribution of terminology and topics
than Wordnet. This augments the usefulness of a language modeling approach
in deciding which terms are appropriate in expanding only one sense of a query
term. Query disambiguation by the method described herein may be refined to
yield robust disambiguation for queries to any English corpus.
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