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Abstract

Navigation is a natural way to explore and discover content in a digi-

tal environment. Hence, providers of online information systems such as

Wikipedia—a free online encyclopedia—are interested in providing naviga-

tional support to their users. To this end, an essential task approached in

this thesis is the analysis and modeling of navigational user behavior in in-

formation networks with the goal of paving the way for the improvement

and maintenance of web-based systems. Using large-scale log data from

Wikipedia, this thesis first studies information access by contrasting search

and navigation as the two main information access paradigms on the Web.

Second, this thesis validates and builds upon existing navigational hypothe-

ses to introduce an adaptation of the well-known PageRank algorithm. This

adaptation is an improvement of the standard PageRank random surfer nav-

igation model that results in a more “reasonable surfer” by accounting for

the visual position of links, the information network regions they lead to,

and the textual similarity between the link source and target articles. Fi-

nally, using agent-based simulations, this thesis compares user models that

have a different knowledge of the network topology in order to investigate

the amount and type of network topological information needed for efficient

navigation. An evaluation of agents’ success on four different networks re-

veals that in order to navigate efficiently, users require only a small amount

of high-quality knowledge of the network topology. Aside from the direct

benefits to content ranking provided by the “reasonable surfer” version of

PageRank, the empirical insights presented in this thesis may also have an

impact on system design decisions and Wikipedia editor guidelines, i.e., for

link placement and webpage layout.
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Zusammenfassung

Navigation ist ein natürlicher Weg zur Erforschung und Erkundung von

Inhalten in einer digitalen Umgebung. Aus diesem Grund sind Betreiber

von Online-Informationssystemen, wie digitale Enzyklopädien (bspw. Wiki-

pedia), daran interessiert, ihren Nutzern eine Navigationsunterstützung zu

bieten. Eine wesentliche Aufgabe, die in dieser Arbeit behandelt wird, ist die

Analyse und Modellierung des navigatorischen Nutzerverhaltens in Informa-

tionsnetzwerken mit dem Ziel, den Weg für die Verbesserung und Wartung

von webbasierten Systemen zu ebnen. Unter Verwendung von umfangrei-

chen Log-Daten aus Wikipedia wird in dieser Arbeit als erstes der Infor-

mationszugriff untersucht, indem Suche und Navigation als die zwei Haupt-

informationszugriffsparadigmen auf der Web gegenübergestellt werden. Als

nächstes werden bestehende Navigationshypothesen validiert und für eine

Anpassung des bekannten PageRank-Algorithmus erweitert. Die vorgestell-

te Anpassung ist eine Verbesserung des Standard-PageRank-Random-Surfer

Navigationsmodells hin zu einem “vernünftigeren Surfer”, der die visuelle

Position der Links, die Informationsnetzwerkregionen, zu denen sie führen,

und die textuelle Ähnlichkeit zwischen den Linkquellen und den Zielarti-

keln berücksichtigt. Diese Arbeit beschäftigt sich schließlich mit agentenba-

sierten Simulationen und vergleicht Benutzermodelle mit unterschiedlichen

Kenntnissen der Netzwerktopologie, um die Menge und Art der topologi-

schen Netzwerkinformationen zu ermitteln, die für eine effiziente Navigation

benötigt werden. Die Bewertung des Erfolgs der Agenten in vier verschiede-

nen Netzwerken zeigt, dass Benutzer nur eine geringe Menge an qualitativ

hochwertigen Kenntnissen über die Netzwerktopologie benötigen, um effi-

zient navigieren zu können. Neben den direkten Vorteilen für das Ranking

von Inhalten, die durch die eingeführte “vernünftige” Surfer-Version von

PageRank bereitgestellt werden, können auch die in dieser Arbeit vorge-

stellten empirischen Erkenntnisse Auswirkungen auf Systemdesignentschei-

dungen oder bestehende Richtlinien für Wikipediaeditoren, bspw. für die

Linkplatzierung und das Webseiten-Layout haben.
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Chapter 1

Introduction

1.1 Motivation

With the invention of the printing press around the year 1440, Johannes
Genseisch zur Laden zum Gutenberg laid down the foundation of the print-
ing revolution in Europe. This new technology made it easier to spread
knowledge and ideas, and thus paved the way for signi�cant historical devel-
opments such as the Renaissance and Reformation. Gutenberg's invention is
a shining example of how a new technology can change society by enhancing
the availability and accessibility of information. Now more than ever, soci-
ety relies on the e�cient creation, distribution of, and access to information.
Signi�cant advances in information technology over the past decades have
led to the development of Hypertext [Nel65], allowing us to not only easily
produce information, but also connect individual information pieces over the
Internet [Mar97] to the World Wide Web [BLFFBD00]. The Web represents
an information network in which documents are nodes and the hyperlinks
connecting them are edges. In the early days of the Web, information was
mainly accessed by following links between documents, or, in other words,
by navigating through the information network. Since its inception, how-
ever, the Web has been rapidly growing, which has led to the development
of modern search engines [BP12, PBMW99]. Using Web crawlers (programs
that automatically follow links), search engines have created an index of the
Web that can be queried, orsearched, by users in order to access information.
Both information access paradigms,i.e., navigating and searching, o�er a
drastically di�erent way to consume information compared to the strictly
linear reading, which dominates o�ine information consumption. For ex-
ample, search is preferred by those users who are looking for the location of
very speci�c information. However, the returned results come at the high
cognitive cost: users must �nd the best keyword to describe the information
needed [FLGD87]. Moreover, search results might not be fully satisfying,
and the user context is lost [Law00]. This is precisely where navigation has

1



2 CHAPTER 1. INTRODUCTION

its biggest advantages: Apart from context preservation, users are not re-
quired to explicitly formulate their information needs, but only to select the
appropriate path through the information space. This is especially useful
when the information needed cannot be captured by keywords, the required
keywords are not part of the user's vocabulary, or when users change their
information needs during the information seeking process [Hea09, TAAK04].
Navigation is of signi�cant importance in cases for which a single page does
not su�ciently satisfy an information need, which can then only be ful�lled
by a speci�c path through the network. If users do not have a speci�c target
or goal in mind but are rather interested in exploring the information space,
navigation is also referred to asbrowsing.

Di�erent characteristics of web-based systems,i.e., diversity and the
amount of content and users, and often the collaborative nature of content
production make it di�cult to ensure e�cient information access and opti-
mal user support. With more than 5 million articles connected by roughly
400 million links, Wikipedia|a free online encyclopedia|is a comprehen-
sive source of information on the Web. The social signi�cance of Wikipedia
has been recognized by users from all over the world, some of which donate
on a regular basis1. Moreover, Wikipedia receives a signi�cant amount of
Web tra�c and is one of the most visited websites2. Combined, these char-
acteristics make Wikipedia a central object of study: This thesis analyses
and models information access in information networks with a focus on nav-
igation. Navigational models have numerous applications and can help to
improve and maintain web-based systems; for example, they can be used
to rank content, predict the next click, or provide recommendations. An-
other important application is identifying shortcomings in webpage design
and layout. Aside from the direct bene�t of better supporting Web users,
modeling navigation also has advantages with respect to the organization
and structuring of large document collections into an information network
that can be e�ciently explored.

The rest of this chapter is structured as follows: I �rst provide an
overview of the information access speci�cs in the Wikipedia context (cf.
Section 1.2). Subsequently, in Section 1.3, I present the problem statement
of this thesis, its objectives, and the followed approach. In Section 1.4, the
problem statement is decomposed into three research questions. Section 1.5
gives a overview of the main publications used in this thesis, while con-
tributions and �ndings are summarized in Section 1.6. Finally, the thesis
structure is outlined in Section 1.7.

1https://wikimediafoundation.org/wiki/Fundraising_reports Accessed: 2018-04-
17

2https://www.alexa.com/siteinfo/wikipedia.org Accessed: 2018-01-12
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Figure 1.1: Example. The article of Alexander the Great shows
how rich Wikipedia articles can be with respect to the type of
content ( e.g. , text, pictures, animations, etc.) and available op-
portunities for further navigation, i.e. , number of outgoing links.
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1.2 Accessing Information on Wikipedia

Wikipedia content is organized in articles connected by hyperlinks within
an information network. These articles can be extensive,e.g., an article can
cover the life of a notable person by providing a detailed textual description,
pictures, and links to other relevant articles in this context (cf. Figure 1.1).
This content richness suggests di�erent user reading preferences and infor-
mation access strategies that shape Wikipedia tra�c. As on the Web, search
and navigation represent the major information access strategies on Wiki-
pedia. In order for navigation to take place, users must �rst land on a
Wikipedia page. This can be achieved by (i) directly typing the URL of
a Wikipedia article into the address bar of a browser, (ii) typing a related
query into a search engine, or (iii) following a link from a webpage outside of
Wikipedia ( e.g., from a social media or blog post;cf. Figure 1.2). As search
engines are responsible for directing a large share of external (Web) tra�c to
Wikipedia articles that is then transformed into system-internal tra�c, they
directly inuence navigation within the Wikipedia network. For example,
users might reach pages through search, but then leave them immediately
if they were able to satisfy their information need. However, they may also
leave if the search engine did not properly account for the semantics of the
keywords entered and the provided search results were consequently not ad-
equate. Alternatively, after search, a user may continue navigating. In this
scenario, there are two further possibilities: (i) a search has provided a good
starting point, however, the user is not completely satis�ed and starts nav-
igating; (ii) the search has been satisfying, however, the user is captivated,
e.g., by the topic, and starts exploring the information network further. The
latter example illustrates typical Wikipedia usage and the interplay between
search and navigation. The amount of digital traces produced as a result
of this interplay is especially useful for developing navigational models, as
it reects user information access behavior,i.e., on which pages users land
after search and which links users select to proceed with navigation.

In this thesis, I look at information access on Wikipedia as repeated
search and navigation activities that both complement and inuence each
other. I also argue that among other factors,e.g., external events [RFF+ 10]
and user motivation [SLW+ 17b], modeling navigational user behavior in
information networks such as Wikipedia depends on several aspects. The
local and global structure of the network, i.e., the local choices presented to
users to proceed navigating and their global network connectivity (cf. Sec-
tion 1.2.1), what is potentially interesting to users, i.e., the content o�ered
(cf. Section 1.2.2), andhow it is presented, i.e., the general visual appear-
ance of the article and the visibility of a promising links (cf. Section 1.2.3),
are all relevant components in this context.
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Figure 1.2: Information access on Wikipedia. The �gure shows
typical Wikipedia usage. While di�erent webpages link to Wiki-
pedia and act as entry points, external tra�c is injected into the
network mainly through search engines. Internal Wikipedia traf-
�c is shaped by user sessions capturing navigational behavior that
either end on Wikipedia articles or continue on webpages outside
Wikipedia. This thesis focuses on three aspects of information
access on Wikipedia: (i) at article level (red): interplay between
search and navigation, (ii) at link level (green): competition be-
tween links, and (iii) at network level (blue): topological network
properties ensuring high navigability ( cf. Section 1.4).
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