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ABSTRACT

Wikipedia, the largest encyclopedia on the Web, is often
seen as the most successful example of crowdsourcing. The
encyclopedic knowledge it accumulated over the years is so
large that one often uses search engines, to find informa-
tion in it. In contrast to regular Web pages, Wikipedia is
fairly structured, and articles are usually accompanied with
history pages, categories and talk pages. The meta—data
available in these pages can be analyzed to gain a better un-
derstanding of the content and quality of the articles. We an-
alyze the quality of search results of the current major Web
search engines (Google, Yahoo! and Live) in Wikipedia. We
discuss how the rich meta—data available in wiki pages can
be used to provide better search results in Wikipedia. Built
on the studies on “Wisdom of Crowd” and the effectiveness
of the knowledge collected by a large number of people, we
investigate the effect of incorporating the extent of review
of an article in the quality of rankings of the search results.
The extent of review is measured by the number of distinct
editors contributed to the articles and is extracted by pro-
cessing Wikipedia’s history pages. Our experimental results
show that re-ranking search results of the three major Web
search engines using the review feature improves quality of
their rankings for Wikipedia—specific searches.

1. INTRODUCTION

Web 2.0 is the second generation of the Web that promotes
crowdsourcing, the process of outsourcing a task to a large
group of people, in the form of an open call [21, 19]. Using
wiki technology, Wikipedia has become the largest online
encyclopedia, used as a reference for encyclopedic knowl-
edge [10]. Wikipedia’s model of knowledge creation is rela-
tively novel, allowing anyone to enter and edit content. This
has enabled its rapid expansion: since its inception in 2001,
Wikipedia has grown to encompass 11.9 million articles in
265 languages generated from 615 million edits by 15 million
contributors'. Its current position as the 7th most visited

"http://meta.wikimedia.org/wiki/List_of Wikipedias

website? confirms its usefulness and popularity.

Wikipedia, as a massive repository of knowledge, is most
useful when its articles are well-organized and easily acces-
sible. Web search engines have been successful in making
the Web content accessible for a decade, and they succeed
in searching Wikipedia too. However, the special features
introduced by wiki technology make search in the domain of
Wikipedia different from traditional Web content. For ex-
ample, unlike traditional Web pages owned by individuals,
wiki pages are edited and maintained by a large number of
co—contributors thereby the reliability of the content is not
correspondent to an individual or an organization. Hence,
evaluating the reliability and quality of the collected knowl-
edge by the crowd can play an important role in devising
heuristics for search tailored for Wikipedia and other such
knowledge repositories.

Some studies show that a broad spectrum of human activ-
ities requiring critical decisions illustrate the greater relia-
bility of judgments by crowds than by experts [18, 20]. A
recent study on Wikipedia [22] shows that high—quality ar-
ticles in Wikipedia benefit from higher number of edits and
distinct contributors. Other studies [16, 18] on prediction in
crowdsourcing systems show that the average of predicted
scores by the crowd becomes more reliable as the size of
the crowd increases. Some interpret this fact by the “law
of large numbers” in which the mean of a sample of inde-
pendent observations from a given population approaches
the population mean as the sample size increases [17]. Ac-
cording to these observations, we expect the quality of the
Wikipedia entries to improve as they go through iterations
of edits by different users. We propose a review—based rank-
ing algorithm to improve quality of search in the domain of
Wikipedia. We show that the quality of the rankings by the
current major Web search engines can be improved incorpo-
rating the proposed heuristic in their ranking schemes.

The contributions of this work are twofold. First, the empir-
ical study of search performance by the three major search
engines in Wikipedia provides valuable evidence that not all
search engines are equal. Second, the review—based heuristic
proposed here not only results in considerable improvements
for the two least-performing search engines, but it suggests
that the future of search on the Web will need to take into
account the social activities that are now taking place in it.
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The reminder of this paper is organized as follows. In Sec-
tion 2, we analyze the differences in search performance
in Wikipedia between the three major Web search engines,
namely Google, Yahoo! and Live. Section 3 shows how those
search engines are affected by adding the additional review—
based heuristic. Section 4 presents related work, and Section
5 concludes the paper.

2. CURRENT STATE OF SEARCH IN WIKIPEDIA

Major Web search engines have been successful in making
the Web content easily accessible to users for more than a
decade. Although wikis are built on top of the Web and
are part of it, there are differences that make wiki content
distinguishable from traditional Web content. The main dif-
ferences are summarized as follows:

o Meta—data information. Each Wikipedia article is ac-
companied with history, talk, and category pages. His-
tory pages comprise old revisions of the wiki text as
well as the record of the timestamp and username
of the contributor. Category pages provide semantic
knowledge about the concept which is presented by
the article. This meta—data can provide significant in-
sight into the content of the article and can be used to
provide higher quality search results to users.

o Wikipedia link structure. The semantics of links that
connect wiki pages can be different from the semantics
of the links in traditional Web pages. Whereas in Web
documents an author can arbitrarily link his page to
any other page, whether there is a topical relation or
not, a significant fraction of links in Wikipedia point to
semantically related content [8, 9]. In addition, some
links are inserted automatically by Wikipedia’s reg-
istered bots® serving particular purposes. In aggre-
gate, Wikipedia’s links can not simply be interpreted
as votes for authoritativeness of the target page as
it is in traditional Web pages. For example, articles
representing years like “2008” have a large number of
in—-links compared to most of the other articles. This
issue suggests that link—based ranking algorithms like
PageRank [15] might be less effective in the domain of
Wikipedia.

o Multi—ownership. Wikipedia articles are created and
edited by co—contributors. Thus, reliability of a wiki
page is not necessarily correspondent the reputation of
a single entity. The open editing model of Wikipedia
allows users to contribute to any article regardless of
their attributions or expertise.

Based on these differences, we set out to study the effective-
ness of major Web search engines in searching Wikipedia.
In the reminder of this section, we present the current state
of the three major Web search engines, namely Google, Ya-
hoo! and Live search, in terms of retrieval effectiveness in
Wikipedia and freshness of their index.

2.1 Effectiveness of Search Results
2.1.1 Method

3http://en.wikipedia.org/wiki/Wikipedia:Bot_policy
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Tom Cruise: Al the World's A Stage is an authorized hiography of actor Tom Cruise, written
by British film critic lain Johnstone. The book was first published by Hodder
enwikipedia orgiwiki/Tom_Cruise:_All_the_World%27s_a_Stage
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The relationship of Tom Cruise and Katie Holmes, commonly known by the portmanteaus "
TomKat" or "Tom-Kat ", [1] is the relationship of American celebrity supercouple Tom Cruise
en.wikipedia.orgfwiki/Suri_Cruise

Tom Cruise 4

Thomas Cruise Mapother IV (pronounced /'tomes 'kruz ‘merppdad, born July 3, 1962), better

known by his screen name Tom Cruise |, is an American actor and
en.wikipedia.orgfwiki/Tom_Cruise

Tom Cruise filmograpty £
"Tom Cruise Official Site Filmography Page" ... Retrieved from "hitp:d/en wikipedia.org

IwikiTom_Cruise_filmography" Categories: Filmographies
en wikipedia orgiwiki/Torm_Cruise_filmography

Figure 1: A screenshot of how results are presented
to users for labeling

To compare the effectiveness of the rankings of search re-
sults, we use the evaluation metric called Normalized Dis-
counted Cumulative Gain at top k& (NDCG(k) for short) [6].
This metric measures the usefulness, or gain, of a document
based on its position in the results list. The gain is ac-
cumulated cumulatively from the top of the results list to
the bottom with the gain of each result discounted at lower
ranks. Two assumptions are made in using NDCG:

1. Highly relevant documents are more useful when ap-
pearing earlier in a search engine results list (have
higher ranks)

2. Highly relevant documents are more useful than marginally

relevant documents, which are in turn more useful than
irrelevant documents.

We asked seven graduate students in different majors to use
our interface for searching Wikipedia, and to label search
results as highly relevant (HR), relevant (R), and irrelevant
(IR). Students were asked to search for both special top-
ics related to their major and general topics. All of the
three search engines have application programming inter-
faces (API) that allow programs to submit queries and get
the search results. After a query is submitted through our
interface, it is submitted to Google, Yahoo!, and Live APIs.
Queries are appended with “site:en.wikipedia.org” to restrict
domain of search to English Wikipedia.

For presenting search results to users for labeling, we used
the pooling method [7]. Query is submitted to the three
search engines and the top 10 results from each search engine
are added to a pool. Duplicates in search results are removed
and the final set of results is randomly presented to user for
labeling. Figure 1 shows a screenshot of how results are
presented to users for labeling. Users label search results by
clicking on the appropriate star beside each search result.
After each click, a message is sent to our logging server which
records the labeling. A total of 240 queries were submitted
and 3,410 results were labeled.



HR-labeled articles are considered more relevant than R—
labeled articles so we adapt NDCG to distinguish these two
different degrees of relevance:

NDCGy( Z 0

NDCG(k) for a query is computed by summing up the gains
from position p = 1 to p = k in results. r(p) is an integer
representing the amount of reward given to the article at
position p. Reward is considered to be 2 for highly relevant
results, 1 for relevant results, and 0 for non-relevant results.

The term N, is a normalization factor for query g, derived
from a perfect ordering of top k articles that would yield a
NDCG (k) of 1. Intuitively, the perfect ordering ranks all
highly relevant articles before all relevant articles. Formally,
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0 otherwise

where an R and nff represent the number of highly relevant
and relevant articles for query q.

2.1.2  Results

Figure 2 shows NDCG values for positions 1 through 10
for Google, Yahoo!, and Live search engines. For the top 1
search results, the three search engines have similar gains.
However, Live outperforms the rest for the top 2 to top
10 results. Given that Live search treats Wikipedia pages
different that other pages (e.g, see [14]), it seems that it is
using some Wiki-specific information in ranking its search
results.

Wikipedia pages are organized into namespaces. A names-
pace is a part of Wikipedia including all pages of a particular
kind. The main namespace contains all encyclopedia articles
along with their history revisions. The user namespace con-
tains the personal pages of registered users in Wikipedia.
Typically, when users search in the domain of Wikipedia,
they are looking for encyclopedic knowledge, which is in the
main namespace. Hence, a search engine should give more
preference to main articles rather than Talk pages, Tem-
plates, User pages, or the pages in other non—main names-
paces. To see how current search engines consider this issue,
table 1 shows the percentage of different non—article results
in the top 10 results of the three search engines. Live search
gives more preference to articles in the main namespace com-
pared to the other two ones. About 94% of the top 10 results
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Figure 2: Quality of search results of major Web
search engines in domain of Wikipedia

Google | Yahoo! | Live Search

User Pages 1.7% 1.3% 0%

Talk Pages 0.8% 8.6% 0.7%
Category Pages 3.7% 3.1% 3.8%
Old Revisions 1.1% 0.2% 0.7%
Special Pages 3.2% 1.6% 0.8%
Templates 0.7% 0.3% 0.4%
Media Pages 0.3% 0.3% 0.2%
Sum 10.4% 15.2% 5.9%

Table 1: Percentage of Non-article results in search
results returned by the three major Web search en-
gines.

returned by Live search are in Wikipedia’s main namespace.

Our study also shows the diversity of the algorithms used by
the three major search engines to retrieve and rank relevant
results to users’ queries, which makes their results different
even on Wikipedia as a small fraction of the Web. Table 2
shows that the three search engines agree on the top search
result for 61.7% of the queries. It also shows percentage of
common pages in top-k results returned by the the search
engines. Considering the top 10 results of each search engine,
only 23.4% of results are common among them.

2.2 Freshness of Search Index

Being edited by millions of users, Wikipedia articles are up-
dated more frequently compared to traditional static web
pages. Therefore, the content indexed by general Web search

Top 10 | Top 5 | Top 1
Google & Yahoo! | 34.3% | 35.7% | 66.5%

Google & Live 37.9% | 38.1% | 69.6%
Yahoo! & Live 36.5% | 37.3% | 65.1%
All 23.4% | 24.9% | 61.7%
Table 2: Percentage of common pages in top—k

search results returned by the three major Web
search engines.



engines may not reflect the current content of Wikipedia ar-
ticles. It is not trivial for a general Web search engine to
keep its index fresh. However, based on the small size of
Wikipedia compared to the whole Web, it is much easier for
a Wikipedia specific search engine to keep its index up—to—
date. Search engines can also monitor Wikipedia’s log of
recent changes® and only crawl articles when they are up-
dated. To study the freshness of the indices of Web search
engines for Wikipedia, we conducted an experiment on the
three major Web search engines.

2.2.1 Methods

In addition to search results, the search API of Yahoo! and
Live also return the last timestamp that pages are indexed
and cached. Google API only returns a link to the cached
version of the page; following the link, one can extract the
the cache timestamp which is displayed at the top of the
cached version.

During our previous experiment for evaluating the effective-
ness of Web search engines in Wikipedia, we also recorded
the timestamps of the cached version of pages in each search
engine. For each of the 3,410 pages, we used the Wikipedia
APPI® in order to find the timestamp of the first submitted
revision after the page was indexed by each search engine.
We define out—dated period as the time interval between the
submission of that revision and the current time (Figure 3).
This is the time interval in which the index of the search en-
gine does not reflect the current revision of the page. If no
revision is submitted after the page was indexed, out—dated
period is considered as zero.

2.2.2 Results

Figure 4 shows the out-dated period for each of the three
search engines. Pages are grouped by their PageRank scores.
For Google search engine, the out—dated period is less than
one day regardless of the PageRank level. Despite the large
volume of the World Wide Web, Google keeps its index
of Wikipedia articles pretty fresh. Our conjecture is that
Google can do it by monitoring the change log of Wikipedia
and crawling the pages when they are updated; instead of
wasting resources for crawling all pages that have not been
updated since the last index time.

For Yahoo! search, the out—dated period is 17.7 days on
average for PageRank level of zero and it is 0.9 days for
PageRank level of 9. It seems that the crawling policy of
Yahoo! is biased towards pages with higher PageRank. For
Live search, the out—dated period varies from 25 days to 51
days with the exception of 5 days for pages with PageRank
level as 9. These results show that index of Live search for
Wikipedia pages is more out—dated compared to Yahoo! and
Google search.

3. IMPROVING SEARCH IN WIKIPEDIA

Unlike many traditional models of knowledge and publish-
ing, which attempt to limit content creation to a relatively
small group of approved editors in order to exercise strong
quality control, Wikipedia articles are published without

“http://en.wikipedia.org/w/api.php?action=query&
list=recentchanges
®http://en.wikipedia.org/w/api.php
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Figure 4: Average length of out—dated period of
cached version of Wikipedia pages in major Web
search engines

strict prior quality checking. The open editing model of
Wikipedia allows users to review and edit previously con-
tributed content by other users in order to improve its qual-
ity. Because of the radical openness in Wikipedia, the peer
reviewing process is scaled up orders of magnitude compared
to peer reviewing process of scholarly articles. Some stud-
ies on prediction in crowdsourcing systems show that the
average of predicted scores by the crowd becomes more reli-
able as the size of the crowd increases [16, 18]. Similarly in
Wikipedia, we expect the quality of the content to improve
as the number of contributors expands. This is also consis-
tent with the results reported in [22] that show Wikipedia’s
featured articles® benefit from higher number of edits and
distinct contributors. Based on these observations, we in-
vestigate if the extent of review of articles can improve the
quality of rankings of Wikipedia articles in search results.
Extent of review of articles is measured by the number of
contributors who have edited these articles.

There is a positive correlation between distinct number of
contributors (review scores) and content quality, and also be-
tween content quality and PageRank scores [22, 12]. Hence,
we expect to see a positive correlation between PageRank
and review scores. To verify this hypothesis, we processed
English Wikipedia. We crawled the English Wikipedia do-
main (en.wikipedia.org) in January 2009. The crawlers were
programmed to discard redirected pages (about 35% of the
pages) and eliminate HTML templates from the downloaded
pages. After elimination of duplicates, a total of 2,389,715
pages were indexed. We stored the internal link structure of
Wikipedia while crawling. A total of 256, 304, 639 links were
extracted. We used the PageRank algorithm to find the rel-
ative importance of articles according to their in—links. The
PageRank values converged after 29 iterations. We scaled
the PageRank values to a value between 0 and 10 using a log-
arithmic scale. We downloaded the dump of the Wikipedia
history released in October, 2008” and extracted number of
distinct editors contributed in each article. We assigned a
review score between 0 and 10 to each of the articles by

SFeatured articles are considered to be the best arti-
cles in Wikipedia. Before being listed as featured, each
article is reviewed by some experts familiar with the
subject for accuracy, neutrality, completeness, and style
(http://en.wikipedia.org/wiki/Featured_Article).
"http://download.wikimedia.org/enwiki /20081008 /
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scaling the number of editors of the article on a logarithmic
scale.

Figure 5 shows the average review scores of articles as a
function of PageRank. Review scores increase with the rise
of PageRank values which supports the positive correlation
between review scores and article quality.
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PageRank

Figure 5: Average review scores of the articles as a
function of PageRank values

Table 3 lists the top English Wikipedia articles based on
PageRank and Review scores. The list of top articles based
on PageRank values is dominated with country pages and
Wikipedia’s special pages like “Wikipedia Commons” and
“Geographic Coordinate System”. These pages have a large
number of in—links compared to other pages. For example, in
most of the articles about United States cities, the latitude
and longitude of the city is specified in the page and there is
a link to “Geographic Coordinate System” article near these
values. Some of these links are inserted by Wikipedia’s reg-
istered bots that make automated edits in articles. However,
all of the edits by bots are counted only once in the list of
most reviewed articles.

We conducted an experiment to analyze if adding extent
of review as a new feature can help improve rankings of
the three search engines for Wikipedia articles. We divided
the 240 queries data set labeled during our previous experi-
ments to a 120 queries training set and a 120 queries test set.
We used the training set to train a support vector machine
(SVM) classifier® in order to see if doc; should be ranked
higher than doc;, for the query ¢ according to the following
features:

e Position of doc; among the top 10 results returned by
search engine.

Shttp://svmlight.joachims.org/

United States, 2007, United Kingdom, Canada
England, New York City, World War II, 2006
India, Germany, World War I, Wikipedia

The Beatles, Adolf Hitler, George W. Bush
Ronald Reagan, Jesus, Bill Clinton, Wiki

Most Reviewed

Harry Potter, Led Zeppelin, Hurricane Katrina
Albert Einstein, Michael Jackson, Star Wars
The Simpsons, Xbox 360, Wii, Metalica
United States, 2007, United Kingdom, Canada

England, France, Wikipedia Commons
Geographic Coordinate System, New York City
World War II, 2006, India, Germany, Russia
Scotland, Norway, 2008, English Language, 2005

High PageRank

Australia, New Zealand, Europe, London, Spain
Poland, China, Italy, Sweden, Netherlands, Japan

Brazil, California, 2004, Census, Public domain

Table 3: Top most reviewed and high PageRank ar-
ticles in English Wikipedia

e Position of doc; among the top 10 results returned by
search engine.

e Difference between positions of doc; and doc;.
e Review score of doc;.
e Review score of doc;.

e Difference between review scores of doc; and doc; on
an exponential base®.

Figure 6 plots the average NDCG for k from 1 to 10 for the
three search engines on our test set and compares results
with those gained by using the SVM classifier to rank search
results. The results show that incorporating the review score
improves the quality of ranking; but it is more apparent for
Google and Yahoo! search engines. In case of Live search
engine, review scores improve the quality of ranking only
when we consider more than 7 positions in search results.
Since review score is an extremely simple feature to calcu-
late, totalling the number of editors of the article, it is very
promising to see such improvement.

4. RELATED WORK

Web search has been studied as a classic information re-
trieval problem. Link analysis techniques such as PageRank
[15] and HITS [11] measure the popularity of Web pages

9Review scores are scaled on a logarithmic scale. Therefore,
it is necessary to measure the difference of review scores on
an exponential basis.
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Figure 6: Quality of search results of major Web
search engines in domain of Wikipedia and impact
of re-—ranking their results using the review—based
ranking algorithm

based on their interlinking structure, and this popularity is
used in ranking search results to yield better search perfor-
mance. The PageRank score of a page is derived from the
scores of pages linking to that page. In HITS algorithm,
each page is assigned a hub and an authority score. A page
deserves a high hub score when it provides links to authori-
tative pages and high authority score for being referenced by
good hub pages. High PageRank, hub and authority pages
are likely to be high quality pages [1, 24].

Besides PageRank and HITS, numerous metrics have been
studied in literature to measure Web page quality [13, 1,
23, 24]. In particular, in [24], Zhu and Gauch have studied
six metrics for assessing Web page quality, namely currency,
availability, information—to—noise ratio, authority, popular-
ity and cohesiveness, and found that incorporating quality
metrics generally improved search effectiveness. However,
these proposed quality metrics may not work for Wikipedia
because most Wikipedia articles follow similar page design
and offer equal accessibility.

While it is difficult to measure Wikipedia’s overall quality in
a definitive way, some studies have tried to assess it in several
ways. Some characteristics such as factual accuracy [4] and
credibility [3], have been used to compare small samples of
Wikipedia articles to their parallel articles in other reputable
sources.

In [12], the number of edits and unique editors to an article
were suggested as metrics for quality. Built on this study,
Wilkinson and Huberman [22] proposed a statistical analysis
of Wikipedia and showed that featured articles are distin-
guishable from the rest by high number of edits and distinct
number of contributors. They also verified the validity of
this observation for articles with different age and visibility.

In [5], Hu et al. have proposed a framework that re-ranks
Wikipedia search results considering article quality. They
have developed two quality measurement models, Basic and
PeerReview. Article quality is derived based on co—authoring
data gathered from articles’ edit history. According to their
experimental results, compared with Google, Wikiseek'® and
Wikipedia’s internal search engine, rankings generated based
on their quality models are less accurate. However, they
showed some improvements in rankings of Wikipedia’s search
engine and Wikiseek by combining their PeerReview Model
to their rankings. The PeerReview model requires process-
ing the whole history of each article for assessing its quality.
Consecutive revisions should be compared to find out who
has added each word and who has reviewed it. Given the
high dynamics of Wikipedia which has resulted in more than
615 million revisions as of this writing, this model is com-
putationally expensive and does not seem to scale well.

S. CONCLUSION & FUTURE WORK

Using Wiki technology, Wikipedia has become a massive on-
line knowledge base. Its articles become most useful when
they are well-organized and easily accessible. Although cur-
rent search engines help users locate content in Wikipedia,
there are some new features introduced by wiki technology

10 A Wikipedia search engine which is no longer active as of
2008



that can be taken into account for ranking the results.

In this paper, we explored the differences between wiki pages
and traditional web pages and studied the effectiveness of
search in the domain of Wikipedia between three major Web
search engines: Google, Yahoo! and Live Search. Based
on the studies on crowdsourcing systems and hypothesis of
wisdom of crowd, we introduced a very simple review—based
ranking algorithm to rank Wikipedia articles in search re-
sults. We described results of our experiments that show
the number of distinct editors of an article that can be eas-
ily extracted from history of articles can improve ranking of
articles presented to users.

More sophisticated information can be extracted from his-
tory, category, and talk pages. This meta—data can be used
to better evaluate quality of articles and provide better rank-
ings of Wikipedia search results. In the future, we plan to
develop a custom search engine for Wikipedia to use the ad-
ditional information available in Wikipedia to provide bet-
ter search results. For example, Category information can
be used to provide categorized search results. Organizing
search results allows users to focus on items in categories of
interest rather than having to browse through all the results
sequentially. Results of the study in [2] show that users are
50% faster at finding information when search results are
organized into categories.

Overall, our study suggests that as the Web becomes more
structured around social activities, the heuristics for search
will likely have to adapt.
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