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Abstract

Ersan Tasan, “Agent-Based Modelling and Simulation of Collaborative

Content Creation: The Curious Case of Wikipedia”

Wikipedia is no doubt one of the most important collaborative informational
products of human history. The collaborative effort that produces Wikipedia is of
fundamental importance because the community includes anonymous,
uncompensated editors and a lack of observable top-down hierarchy.

In this study, we propose an agent-based model for Wikipedia users’ activity
of collaborative article editing. In this graph-theoretical approach every user and
article are represented as vertices in a multimodal affiliation network. When a user
chooses to edit an article, an edge between the node of the user in question and that
of the edited article, is created. User preferences, statuses, relative content quality of
articles, distribution of collaboration and resulting relationships are examined in the
network.

We analyse input parameters’ effects on resulting principal graph
characteristics, namely the clustering coefficient, the path length, the small world
characteristic Q, degree correlation, and degree distribution. Simulation findings
point out that, users’ area of interest dimensions and active user percentage are
positively correlated with the total edge count in the graph; therefore, the
encyclopaedia quality. Conversely, good article threshold parameters raise high-
quality article specifications and are negatively correlated with the total edit count in
the encyclopaedia.

We recommend an easier, automated process for the selection of good and
featured articles of Wikipedia. Experiments have demonstrated that lowering the
barrier of high quality status for articles, results in more effort and quality for the
encyclopaedia as a whole. Additionally, we recommend more internal link
concentration in good and featured articles, in order to spread the effort of their
successful editors.



Tez Ozeti
Ersan Tasan, “Agent-Based Modelling and Simulation of Collaborative

Content Creation: The Curious Case of Wikipedia”

Vikipedi (Wikipedia), siiphesiz ki insanlik tarihinin en 6nemli miisterek bilgi
urtnlerinden biridir. Vikipedi’yi lireten ortak ¢aba temel bir dnemi haizdir ¢iinkii,
topluluk anonim, ticret almayan editorleri icermekte ve gozlenebilir bir yukaridan
asagiya hiyerarsi bulunmamaktadir.

Bu c¢alismada biz, Vikipedi kullanicilarinin ortaklasa metin/madde diizenleme
faaliyetinin bir ajan-bazli modelini 6neriyoruz. Bu sebeke (graph) teorisi
yaklagiminda, her kullanic1 ve madde ¢oksekilli (multimodal) iliski aginda birer
diigiim (vertex) ile temsil edilmektedir. Eger bir kullanict bir maddeyi diizenlemeyi
secerse, o kullanicinin diigiimii ile ilgili maddenin diigiimii arasinda bir bag (edge)
yaratilir. Kullanicr tercihleri, statiileri, maddelerin nispi igerik kaliteleri,
yardimlasmanin dagilimi ve sonugcta olusan iliskiler, ag lizerinde incelenir.

Girdi parametrelerinin, topaklanma katsayisi (clustering coefficient), yol uzunlugu
(path length), kii¢iik diinya karakteristigi (small world characteristic), derece orantisi
(degree correlation) ve derece dagilimi (degree distribution) gibi baslica sebeke
niteliklerine etkisi analiz edilmistir. Benzetim (simiilasyon) bulgulari, kullanicilarin
ilgi alanlarinin boyutlarinin ve aktif kullanici yiizdesinin, sebekedeki toplam bag
sayist ile, dolayisiyla ansiklopedi kalitesiyle, dogru orantili olduguna isaret
etmektedir. Iyi madde esik parametreleri ise, aksine, yiiksek kaliteli icerik (iyi madde
ve seckin madde) esigini yiikseltmekte ve ansiklopedideki toplam diizenleme say1si
ile ters orantili oldugu gortilmektedir.

Vikipedi’de iyi ve seckin madde se¢imi i¢in kolaylastirilmis ve otomatik bir siireg
tavsiye ediyoruz. Deneyler seckin madde esiginin diisiiriilmesinin Vikipedi’nin
tamaminda kalite artis1 sagladigin1 gostermektedir. Ayrica basarili editérlerin
emeginin yayilmasi i¢in seckin icerikte i¢sel baglanti yogunlugunun arttirilmasini
tavsiye etmekteyiz.
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CHAPTER 1

INTRODUCTION

In this study, we mainly target at understanding and explanation of inner
structure and self-organisation of Wikipedia, utilising agent-based modelling and
simulation (ABMS) methodology, which appeared as a need, and has been
encouraged previously in the literature (Ingawale, 2008). Additionally, we measure
effects of several agent-based variables; for instance aspects of Wikipedia
community members such as having diverse interests, or regulations by Wikipedia
policy-makers such as good/featured article criteria; on the resulting encyclopaedia
quality and structure. Our agent-based Wikipedia model is based on graph theory and
the quality and structure of resulting network are determined by well-defined graph
theory metrics such as clustering coefficient or small-world characteristic Q.

We introduce agent-based modelling and simulation (ABMS) and Wikipedia
concepts and explain their history briefly first. Then we explain previous efforts for
modelling and simulating Wikipedia and why such a model is useful in diverse areas.
Agent-based modelling and graph theory software are described and Repast
Symphony application suite is introduced. In model section, we examine Anthony et
al.’s (2005) influential grouping for Wikipedia community, namely Good Samaritans
(anonymous one-shot contributors) and Zealots (repetitively contributing members of
online community that seek reputation). We further categorise zealot users into two
classes, according to their career preferences: Project Leaders (specialists who make

regular contributions on their topic of expertise) and Administrators (active users
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who tidy up articles and ensure they abide by the article guidelines). We discuss how
to apply these community groupings in our model on a graph and introduce Cartesian
Plane of Information notion. Because articles and users are represented by nodes in
the graph, we implement the edge concept as the cooperation and relationship
symbol. We build edges, when a user edits an article, between user and article,
between user and previous editors of the article, and between this article and other
articles edited by the user (in three separate graphs). We then define parameters for
this model, as distribution of these three basic classes in community, diversity of
interest of users for editing, and selection criteria for an article to be defined as
“Good” (featured).

The system dynamics that construct Wikipedia are of particular interest
because; it resembles no other system we have seen before. A considerable number
of edits are made by anonymous users (“User: Opabinia regalis/Article statistics”,
2007), there is no theoretical top-down hierarchy in the community (“Wikipedia:
About”, n.d.), and even the most valuable articles of the encyclopaedia might be
deleted by a vandal user in one step. And this mechanism of collaboration produces
the most consulted multilingual encyclopaedia ever created. Additionally, this novel
collaboration technique might be utilised in numerous real-life situations from
knowledge management systems (KMS) in companies to prepare training documents
for new employees by existing seasoned employees, to constitutions being prepared
by the governments, in order to include the nation in the process.

As we attempted to understand and comprehend the driving forces behind
Wikipedia, we observed that the completely novel and valuable phenomenon is not
the product itself (an encyclopaedia), but the human behaviour that created it. Human

species has invented a new mechanism to collaborate and cooperate anonymously all



over the world. It is clear that the free encyclopaedia concept comprehension and
explanation efforts should focus on this novel cooperation method among human
beings. They should focus the human beings who cooperatively build Wikipedia are
its users, the community members, the agents of the system. Therefore in our
simulation efforts, our model for Wikipedia collaboration process is agent-based.
Agent-based modelling and simulation (ABMS) is a relatively recent
approach in systems modelling and simulation, in which the observer models and
simulates actions and interactions of agents (meaningful autonomous units of the
system), in order to deduce and determine the structure of the whole system
(Izquierdo et al., 2008). Individual agents may act on a defined set of rules or
according to what they perceive as their own interests, such as reproduction,
economic benefit, or social status, with bounded rationality or limited information.
They may experience learning, adaptation and reproduction as well (Macal & North,
2008). This class of computational modelling, in which agents are main actors, has
been of service in providing insights about many diverse areas from military
doctrines (Cioppa, Lucas & Sanchez, 2004) to wildfires (Hernandez Encinas, 2007);
from optimization of production (Holmgren, Persson & Davidsson, 2013) to
evacuation model of supermarket (Shuangyun, Kun, Quanli & Yuhua, 2010).
Wikipedia is a collaboratively created, community-led free encyclopaedia
that anyone can edit. It is referred as one of the most prominent products of
cooperative effort in human history (Yasseri, 2012), and the success of altruistic
collaboration (Kuznetsov, 2006) of supposedly democratic-anarchic nature (Muller-
Seitz & Reger, 2010). A 2005 Nature study found Wikipedia’s accuracy rate as
nearly equal to that of Encyclopadia Britannica (Giles, 2005), whereas a more

comprehensive study measured better quality and accuracy (Casebourne et al., 2012)



Wikipedia stems from “wiki” concept, which means user-editable web page.
It is a relatively new concept first introduced by Cunningham as the wikiwikiweb
project (1995). Wikipedia was born in 2001, and in less than fifteen years, it became
a multi-language online encyclopaedia that covers 24.6 million articles in 285
languages (Wikipedia: Statistics, 2013).

Regarding agent (users) oriented point of view for Wikipedia, and modelling
it to understand it, there seems to be a recent scholarly interest in the literature. In
their influential paper Anthony et al. (2005) classify Wikipedia community members
into two main groups: Good Samaritans and Zealots. There are studies proposing to
reach the fusion between these academically popular entities, Wikipedia and agent-
based modelling discipline, in order to shed the light into almost-flawlessly working
mechanism of the free encyclopaedia. Ingawale (2008) exactly targets, and calls for
the subject matter of our study in his “Understanding the Wikipedia Phenomenon: A
Case for Agent Based Modelling” article and argues that such a model, if applied,
may lead to useful insights about self-organisation in Wikipedia.

Because Wikipedia is an output of autonomous and asynchronous-
behaving agents (encyclopaedia editors and users) interacting with each other, it is a
good example of emergence. It is difficult to predict that collaboration of non-
professional internet-interested individuals might produce a massive encyclopaedia
and a social phenomenon. With its community centred self-organization and self-
healing capabilities, Wikipedia is a well organized representation of its users’ and
contributors’ knowledge, thus, modelling it based on these users and contributions
will approach its true nature better, bringing about more meaningful results
(Ingawale, 2008). From organizations training new employees to universities

creating textbooks, to even states preparing a constitution, if entities find the ways of
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harnessing the power of the crowd, this would result in a more powerful content
creation. This may enable better organization in Wikipedia itself as well — for
instance we might point out which areas needs editing or which projects lack

adequate contributors.
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CHAPTER 2

BACKGROUND

In this chapter, to introduce the paradigm of Agent-Based Modelling and
Simulation (ABMS), background information on basic ABMS concepts and roots is
presented first. Then Wikipedia studies and collaborative content creation subjects
(specifically in virtual and online environments) are summarised. Lastly, the
modelling efforts for Wikipedia, the use of ABMS in simulation of collaborative

content creation and associated literature review is introduced.

Agent-Based Modelling and Simulation

Agent-Based Modelling and Simulation (ABMS) is a class of computational
models that allows the simulation of actions and interactions of autonomous agents
(or individuals) in an environment, in order to determine what effects occur in the
whole system (Izquierdo et al., 2008).

ABMS is closely linked to, and combines elements of games theory, complex
systems, emergence, computational sociology, multi agent systems, evolutionary
programming and cellular automata (Solomon, 2013). The models simulate the
simultaneous or sequential operations and interactions of multiple entities (agents), in
an attempt to recreate and predict the appearance of complex phenomena. It is a
process of emergence from micro to macro levels. Individual agents act on a defined
set of rules or according to what they perceive as their own interests, such as
reproduction, economic benefit, or social status, with bounded rationality or limited
information. The ABMS agents’ sets of rules need not be fixed and agents may
experience learning, adaptation and reproduction (Macal & North, 2008).

12



ABMS technique has illuminated many major phenomena and led to new
questions in many diverse areas from military doctrines (Cioppa, Lucas & Sanchez,
2004), to segregation of society (Schelling, 1971); from pedestrian flow and
movement (Turner & Penn, 2002), to wildfires (Hernandez Encinas, 2007), although
in biological and ecological field studies individual-based model (IBM) term is used
instead (Grimm & Railsback, 2005). The agent-based model concept has been
developed to explore complex systems in which an entire system is greater than sum
of its parts (Lewin, 1992; Holland, 1995). Using such models, in which the system is
viewed as an organism consisting of smaller independent units, the emergent
behaviour of complex networks such as the Internet, neurons communicating
together to create the miraculous human brain (Smith, 1996; 1998) and sudden
developments in the stock market are analysed (Giardina & Bouchaud, 2003). Agent-
based models have been utilised since the mid-nineties as a practical problem
solution method as well. They have been applied to diverse business or technological
problems from optimise production (Holmgren, Persson & Davidsson, 2013), to
better understand consumer behaviour (e.g. response to word-of-mouth (Delre, Jager,
Bijmolt & Janssen, 2007); evacuation model of supermarket (Shuangyun, Kun,
Quanli & Yuhua, 2010), and to even implementation of new agent-based peer-to-
peer systems (Babaoglu, Meling, & Montresor, 2002).

The agent-based modelling has its roots both in the cellular automata models
and VVon Neumann machine (McMullin, 2000), as well as in the various areas of
artificial intelligence. In comparative analysis, the agent-based modelling can be
interpreted as an extension of cellular automata. In cellular automata the smallest unit
is the cell of a regular lattice; “it is by definition fixed and may hold discrete states.

Agents in ABMS on the other hand are much more flexible and may hold several

13



characteristic features (e.g. height, colour, diameter, health status, speed, pressure,
etc.)” (Emrich, Breitenecker, Zauner & Popper, 2008). ABMS is a special case of
micro-simulation. Agent-based models are based on the theory of multi-agent
systems.

An agent-based model is a multi-agent system with a set of autonomous
agents that operate in parallel and communicate with each other. The individual
properties of the agents describing their behaviour and interactions are called as basic
properties, and properties that appear (emerge) in a more collective (system-wide and
higher) level are known as emergent properties. Emergence is an important aspect for
the study of complex systems, and behaviour of the system emerges from the global
behaviour of the agents and their interactions when running the simulation.
Classically (British emergentism) used to be related to unexpected, unexplainable or
in-deducible results (Broad, 1925), but modern definition of emergence adopts a
more scientific approach. Axelrod (1997b, p. 194) states “there are some models ...
in which emergent properties can be formally deduced.”

Emergence may refer to counterintuitive outcomes stemming from interaction
of agents in many cases. Traffic congestion is basically an emergent phenomenon of
vehicles’ interaction. However, while vehicles are heading north, traffic jam moves
south, in the opposite direction (Kesting, Treiber & Helbing, 2008). This is because
every driver adjusts its speed to new conditions when approaching the rear of the
jam. This lengthens jam’s tail, while leading cars increase their speed back to normal
levels, shortening the frontal part.

Agent-based modelling is argued to be a third way of carrying out science
along with argumentation and formalisation in social sciences (Gilbert & Tema,

2000). This argument holds true more generally as well, ABMS might be accepted as
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the third way along with standard procedures of inductive and deductive reasoning
(Axelrod, 1997). Deduction refers to theory building based on a set of logical
assumptions while induction includes finding patterns in, and analysing results from
the empirical data. Simulation in general and ABMS in particular, covers elements of
both. Starting point is the assumptions set for the model (e.g. rules for agents and
environment in ABMS), but rather than directly using these, a simulation based on
them, is conducted. This process provides empirical data, albeit generated one rather
than having real world information. These data then utilised for inductive reasoning
and analysed thoroughly (Tesfatsion & Axelrod, 2013).

This revolutionary image is supported by following result counts from the
major academic s2earch engines. Agent-based modelling related terms seem to create

a novel paradigm, as shown in Table 1 (data retrieved on 16 March 2013):

Table 1 Article Count from Several Academic Search Engines

Sources \ Keywords | agent based model | agent-based model | agent-based
Google Scholar ~ 3,510,000 ~ 309,000 ~ 391,000
ScienceDirect 731,716 731,716 1,185,422
BASE 36,060 6,953 10,726

In addition to scholarly interest, Google Trends tool (2013) points out a

paradigm shift in Google search frequency beginning from 2004, observable in

Figure 1, with a relative recent increase in interest (blue line represents search

volume statistics for keyword agent-based model and red line represents that of
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agent based modelling).

Interest over time

The number 100 represents the peak search volume Forecast

=l || |

Fig. 1 Web search interest timeline for keywords agent-based model (blue line) and

agent based modelling (red line).

The foundation of ABMS can be traced back to Von Neumann cellular
automaton, a conceptual device proposed in 1949, which is able to reproduce itself
(self-replicate) (McMullin, 2000). Its original designer Von Neumann prepared the
system on a grid (a 2-D lattice), at the suggestion of another mathematician
Stanislaw Ulam, generating the first cellular automata, a term later coined. John
Conway constructed the next major improvement, and introduced the Game of Life
(Conway, 1970), with considerably simple rules, in which unpredictable figures (e.g.
moving gliders fired by a glider gun) appear on a 2-D lattice. This study is an early
example of emergence in a user-defined system, with intuition unable to anticipate
the outcome, by just examining the rules.

Another step of fundamental importance in ABMS history is Schelling's
segregation model (Schelling, 1971), in which he modelled inhabitant preferences for
neighbours of same ethnic origin or colour. Although reiterated with computational

power many times later, he prepared original work with pen, paper, nickels and
16



dimes on a physical board. This work opened up a new path in social sciences, in
which social experiments are difficult to conduct on mass populations. Rather than
experimenting, researchers were now able to model and simulate — a critically
acclaimed contribution, which led to Schelling's 2005 Nobel Memorial Prize in
Economic Sciences.

Robert Axelrod, whose contributions supplied both breadth and depth to the
field, made progress with Dresher and Flood’s popular Prisoner’s Dilemma Game
and hosted a tournament on suggested strategies for long-term gain. (Axelrod, 1980)
This historical period of agent-based simulation earned popularity to the field, along
with Prisoner’s Dilemma games.

Prisoner’s Dilemma game is another milestone in ABMS field’s
development, and it represents a unique method of understanding human behaviour
in critical situations of life. In this revolutionary social thought experiment two
imaginary prisoners are offered two distinct options: to cooperate and help the other
prisoner by remaining silent or to defect and blame the other one via confessing. The
prisoners are unable to communicate in any way. The choices and the prisoners’
penalties are as follows: if both of them stays silent, each serves one year. If only one
of the prisoners betrays (defects), the other one is sentenced to three years. If both of
them betray, each serve two years.

The original game’s researcher John F. Nash predicted defection of both
participants - a rational selfish agent’s tactic. This argument seemed perfectly
rational as well, since independent of other player’s move, confessing is more
beneficial than cooperation. However, associated further social studies discovered
just the opposite, people assisted each other (Aumann, 1959). This result promised

valuable insight into the evolution of cooperation among human societies and it was

17



Axelrod, who seized this opportunity with the field’s newly developed tool, agent-
based modelling. He introduced a tournament to enable various Prisoner’s Dilemma
strategies to compete with each other. The winning strategy was also the simplest
with the shortest algorithm: beginning with cooperation, always repeat the
opponent’s last move, named tit-for-tat. This is the programmatic application of
universally known strategy "An eye for an eye, a tooth for a tooth™.

Tit-for-tat surpassed other strategies in many similar simulation tournaments,
sometimes with some variations introduced by “genetic algorithms™ (Miller, 1986).
We, however, propose that this insightful game theory story still needs further study
on, to get closer to the real human nature.

A one-to-one social relationship is exactly what The Prisoner’s Dilemma
Game models. People are randomly (later rule-based) assigned to each other in pairs
of two. Our social daily life, however, mostly consists of interactions within a group.
When we talk more than one person listens, when we assist the elderly many people
appreciate this, and any aggression creates fear not only in the subject but also in the
people nearby. This novel group gaming concept would introduce more than four
outcomes: A prisoner may blame one, two or three... other prisoners in the group and
their penalties will intensify. Anybody will develop a view on anybody else and
these opinions will be affected by results in every round. This study might lead to
determining the most rewarding strategy to prevail and lead, after joining a new
group. We therefore suggest that further studies should concentrate on group gaming,
rather than randomised two-opponent rounds in the iterated Prisoner’s Dilemma
Game.

ABMS field has contributed to, and benefited from computational social

science development and the growth of modelling platforms. Numerous tools and
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programming language libraries have been developed, most of them employing
object-oriented software paradigm. Resemblance between the computer science
entity “object” and our modelling unit “agent” has facilitated this. Several of best-
known platforms are:

Netlogo: An ABMS development environment constructed in the spirit of
Logo programming language and involves the highest-level programming experience
of all platforms (Wilensky, 1999). Despite its shallow learning curve, it has a unique
programming language with unfamiliar syntax. Low performance in modelling,
probably stemming from the interpreted nature of the language (Wilensky et al.,
2006), and its restrictive nature are criticised by scientific user community (Abe,
2010). There are opposing studies as well, claiming efficient computing (Railsback
& Lytinen, 2012),

RePast (The Recursive Porous Agent Simulation Toolkit): An agent-based
modelling library for several programming languages, developed by Collier et al.
(2003) at the University of Chicago. The original library was developed for Java but
variations for Python, .NET and C++ coding environments are available. The library
has been praised for high execution speed (Railsback et al., 2006) and
comprehensive documentation (Getchell, 2008). It provides a middle ground between
convenience and scientific functionality.

MASON (Multi-Agent Simulator Of Neighbourhoods... or Networks... or
something...): This is an ABMS library for the Java programming language. Faster
than RePast (1% to 35%) (Railsback et al., 2006), this library was designed with
speed of execution in mind and it enables most efficient computing for models.
However its lack of features and immaturity renders it unusable for most cases

(Railsback et al., 2006).
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SWARM: This library is Santa Fe Institute’s product but it has not been
maintained recently and seems to be outdated. (Latest stable release was in February
2005).

We have concluded that RePast excels at being the good compromise
between functionality and simplicity and therefore RePast will be utilised for

implementation of the model.

Wikipedia and Collaborative Content Creation

Wikipedia is the collaboratively created community-led free encyclopaedia
that anyone can edit. It symbolises one of the most valuable outcomes of cooperative
effort in human history (Yasseri, 2012). Its growth has been tremendous throughout
this thesis’ preparation period. In February 2013, it covered 24.6 million articles
(Wikipedia:Statistics, 2013) and as of July 2014, that number raised to 32.7 million
articles (Zachte, 2014) in 286 languages. This growth continues, with 14963 articles
per day in July 2014 (Zachte, 2014). It is maintained by a productive community of
1889677 people (Zachte, 2014) including members who contributed more than one
million edits (Titcomb, 2012). It surpassed any expert-driven encyclopaedia written
to date (e.g. last printed Encyclopadia Britannica had 65000 articles (Flood, 2012).
Accuracy concerns and academic unpopularity do not seem to have ground since for
instance a 2005 Nature study found Wikipedia’s accuracy rate approximately equal
to that of Encyclopadia Britannica (Giles, 2005) and a recent academic study
measured “better article quality than Encyclopadia Britannica and a textbook, on
mental health subjects (Reavley et al., 2012).

Wikipedia has become a paragon of collaborative production in modern era;

it is researched in over 400000 of academic papers according to Google Scholar, and
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125000 news stories mentioned about it in Google News. It shaped a new form of
content creation that has been employed in diverse set of fields from organisational
knowledge (i.e. knowledge management systems, the environments for experienced
employees to cooperatively prepare training documents) to scholarly literature (e.g.
Scholarpedia, Connexions). It creates a novel and unique reason to believe in the
benevolent side of the human nature, as with no official compensation for
contributors except for a few core maintainers, with no established administrative
system, even with no requirement to disclose personal information; the system
works. The system works for democratising information, approaching hot topics with
no obvious bias in the long run, and low-cost access to whole body of information
for everyone. Understanding this phenomenon will lead to discover other new areas
of application for this altruistic collaboration (Kuznetsov, 2006), of supposedly
democratic-anarchic nature (Muller-Seitz & Reger, 2010). From organisations
training new employees to universities creating textbooks, to even states preparing a
constitution people should find the ways of harnessing power of the crowd. This
would result in a better organisation in Wikipedia itself — for instance we might point
out which areas need editing or which projects lack adequate contributors. Although
wiki (user-editable web pages) is a recent concept, with its first implementation
wikiwikiweb going on-line in 1994 (Cunningham, 1995) and Wikipedia itself going
operational in 2001, and it fuelled a rich literature ecosystem around the
phenomenon.

In order to systematically examine and meaningfully explain the Wikipedia’s
working system Julien (2012) created a framework for collaborative content creation
process. This study models online collaborative and productive effort as an

independent system, consisting of inputs (both users/producers and environment),
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process (interaction and organisation) and the outcomes (product/information,
structure, volume). Users’ competency and motivation, as well as initial and ongoing
investment make a starting point, whereas online activity, roles, governance provide
the required work and process. Resulting product is the information itself, as well as
its coverage and structure.

As an extension to this work, we propose that ongoing process (online
activity/community) and collaboration are by-products as well, as we would not have
online self-organised production model without them. Associated work of Julien
(2012) is shown in Figure 3.

Wikipedia is proposed to resemble a living organism (Kamalabadi, 2006)
which lived infancy in 2001 with explosion of unorganised superficial articles and
stubs. In childhood, which covers 2002-2004, Wikipedia actively gathered any
information independent of having ground or not. This period “is characterised by
the organisation and polishing of articles. New articles still flourish, but they are of
much higher quality”. Adolescence was the period between 2005-2007 and mostly
consisted of harsh debate and edit wars. This period witnessed a surge in general
interest and wide adoption by the society and prevalent discussion assisted this
penetration. Wikipedia then experienced a maturity age, adulthood from 2008
onwards. We suppose recent slowdown in article growth and edit count could be
explained as the consequence of this. Not only did Wikipedia cover considerable
amount of known science and encyclopaedic information but also its contributor
community altered. This maturity might be thought of as an outcome of new users’
perception. The latest Wikipedians are mostly observers since in their view,
Wikipedia has always been there for them - it is taken as some form of an art

product. In this sense, editing Wikipedia means like modifying the text of Les
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Misérables. For Wikipedia to return to its previous days of high-performance growth,

it needs the amateur spirit of the youth — both Wikipedians’ and Wikipedia's youth.
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Fig. 2 Total article count in English Wikipedia.

A typical new language Wikipedia edition demonstrates a common growth

2008
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2011

2012

pattern. Article count grows exponentially until maturity. Then a linear pattern is

observed. The most established encyclopaedia edition - English Wikipedia's

development timeline could be traceable in Figure 2 (figure obtained from

http://stats.wikimedia.org).
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This growth pattern has been modelled with Gompertz function, an empirical
equation: (Wikipedia: Modelling Wikipedia's growth, 2010).

bE:t

y(t) =ae™  un

a= 4378449 b=-15.42677 c=-0.384124

t is the time in years since 1/1/2000 (so 1/1/2010 is t=10.00).
However, this growth is the outcome of Wikipedians’ work, and this study will
model it accordingly, via agent-based modelling. Associated active editor population

for English Wikipedia shown in Figure 4 points out a clear trend change in 2007.
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Fig. 4 Active editor count timeline in English Wikipedia.

An active editor is defined to be a registered (and signed in) user who made 5 or
more edits in a month.
Pageview pattern in an established Wikipedia language edition (English

Wikipedia) follows a slight linear growth, without an apparent slowdown (Figure 5).
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Fig. 5 Pageview count timeline in English Wikipedia

Modelling to Understand Wikipedia

Because Wikipedia is an output of autonomous and asynchronous-behaving
agents (encyclopaedia editors and users) interacting with each other, it is a good
example of emergence. It is difficult to predict that collaboration of non-professional
internet-interested individuals might produce a massive encyclopaedia and a social
phenomenon. With its community-centred self-organisation and self-healing
capabilities, Wikipedia is a well organised representation of its users’ and
contributors’ knowledge, thus, modelling it based on these users and contributions
will approach its true nature better, bringing about more meaningful results
(Ingawale, 2008).

Typical Wikipedians are our next focal point, as the realistic model of
Wikipedia will only follow after a faithful model of its contributors. A typical
Wikipedia.org visitor spends approximately five minutes per visit to the site and
sixty seconds per pageview (Alexa: Wikipedia, 2013). Wikipedians (Wikipedia

community members) are grouped into two basic classes by Anthony et al. (2005):
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Good Samaritans and Zealots. Good Samaritans are passers-by in the online
environment that make only one edit or rare contributions from time to time. They
typically do not register and often do not disclose their identity. A surprising result is
the highest quality contributions are supplied by this group: unique one-time edits of
Good Samaritans are the most sophisticated and valuable ones. Zealots, on the other
hand, dedicate themselves to the community often pursuing reputation and status.
This group includes truly exceptional members, even an editor with one million
edits. As the edit count/frequency increases Zealots’ contribution quality increases,
while Good Samaritans’ decreases — this type of Good Samaritan is probably an
offender vandalising the articles concealing their identity (Anthony et al., 2005)

Among academic efforts to examine social development process and
community collaboration of Wikipedia, Ingawale et al. (2009) utilizes graph theory
concepts and proposes “small worlds of Wikipedia”, analysing the free
encyclopaedia as a small world network. Graphs of this type include clusters (tightly
connected group of nodes) while random edges between different clusters exist.
Ingawale (2009) includes results of processing Cebuano language Wikipedia edit
history, and interrelated users and articles clearly demonstrate a small world scheme.
Obvious clusters begin to emerge as the encyclopaedia grows.

Viégas et al. (2004) adopt an article-specific approach and produce a tool to
represent a Wikipedia page’s activity, namely history flow visualisations. These
visualisations point out several common patterns in an article’s development process.
Edit wars are apparent, while visualisations also stress powerful self-healing
capability of Wikipedia.

Ingawale (2008) argues, and calls for exact subject matter our study in his

2008 conference paper, “Understanding the Wikipedia Phenomenon: A Case for
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Agent Based Modeling”. He states that this approach would help explain self-
organisation in Wikipedia, while offering future opportunities to employ in
knowledge management systems. Despite interest, such an implementation of an
agent-based model for collaborative content creation or collective intelligence is
difficult to find in literature. A recent master’s thesis (Y1ildirim, 2009) is one of few
studies that aim to model wiki project on the behaviour of its users. This study claims
to have found a relationship between the degree of centrality of a node (category in a
wiki project) and the barrier of the category (defined as approval and rejection count

of the category).

CHAPTER 3

THE AGENT-BASED MODEL OF WIKIPEDIA

Why Should We Model Wikipedia?

Before constructing a meaningful and faithful model of Wikipedia, motives
and potential benefit of such a model needs to be questioned. Why should Wikipedia
be modelled? Beyond being an online encyclopaedia, Wikipedia is a prototype for
the success of decentralised collaboration. It is a new form of online interaction, a
new form of communication, a new form of content creation, among others. It is
particularly valuable for its outcome as well — a massive encyclopaedia, images,
videos, news, database constituting an open body of knowledge on an unprecedented
scale. Additionally, content creation is required in other areas, which would be
apparent application area candidates of this remarkable system. From academic
papers to internal training documents for companies, this model of interaction might
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be utilised for a more efficient, effective and economical production. Wikipedia is
additionally a chain of trust — many strangers work together to build it. This
communication-less cooperation is of particular interest as well, which may find
itself many other fields of practice.

Wikipedia’s success factors might be multi-dimensional. Previous efforts to
cover all human knowledge can be traced back to the onset of French revolution,
I'Encyclopédie (1751), however collaborative effort of French revolutionaries and
later efforts lacked Wikipedia’s main instrument: the Internet. This is the timing
factor. Additionally, Wikipedia is an organised body of meaningful information.
Information or one’s knowledge can not be removed deliberately, it increases when
shared, and more importantly, everybody has some degree of knowledge. This raises
interest and removes barriers for joining the circle. Information has a very low
transaction cost to edit as well. If it were a physical equipment to be co-built, every
contributor would need to send the last version to the next — a costly shipping.
Information, on the other hand, is relatively easy to store and takes milliseconds to
send.

Wikipedia’s model of collaboration has the democratic approach in itself,
raising its importance. Every individual has the right to speech and contribution, but
eventually community determines which ideas will survive: the democracy.
Therefore democratic societies might benefit from Wikipedia’s experience as well,
by opening any laws or regulations to active collaboration for editing after the initial
work. This would enable ordinary citizens to participate in the legislation — the
ultimate goal of any democratic regime.

Despite its exceptional mechanism, and structure worthy of analysis,

Wikipedia is actually difficult to experiment with. Not only are many users
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anonymous, scattered around the world and hard to reach, but also Wikipedia's very
nature — decentralised and chaotic collaboration — prevents top down approaches for
analysis of the working system. As there are no executives or no main owner, the
only opportunity is analysing Wikipedia in a bottom-up fashion. The focus needs to
be on the ground, typical contributors and workers of the free encyclopaedia — its
users. This is in fact the most basic rationale behind agent-based modelling: When
the system is too complex to understand, concentrate on the meaningful basic units —
agents.

In addition, such a model would contribute to better organisation in
Wikipedia itself. Is it beneficial to encourage users to reveal their identity; should
editors focus on their expertise or contribute in diverse areas as well? If answered,
these types of questions would greatly assist in the foundation of a new language
edition of Wikipedia. Its administrators, bureaucrats would act and maintain
according to lessons learned in such an experience.

As the motives and instrumentality are clear, aspects of an intuitive and
productive model should be determined, beginning with an agent candidate. In
Wikipedia ecosystem there are two main objects to consider as the agents: articles
(including edit history pages, project management pages, etc.) and users (readers,
writers, editors, administrators and all sorts of Wikipedians). Both of these agents are
autonomous and interlinked in their environment. They are “autonomous” in the
sense that neither users nor articles are triggered or removed by actions of other
agents. They are interlinked, as articles link to each other and the users are co-
workers of this system. Although articles are not intuitive to be treated as the model’s
active agents, as articles cannot act or develop on their own, and that is the users who

are independent decision-makers behind the development of such a system; our
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model treats articles as agents as well. They are passive agents which users edit,
therefore connect to. Additionally, we take relation between articles into account in
this editing activity. We take same user's editing activities in various articles as
interlinking of those article agents as well. Therefore a user's contribution results in

three major types of connections in three separate networks:

1. The user agent connects to the article agent in the general Affiliation
Network.

2. The articles, which the user previously edited, connect to the new
article in the Article Network.

3. The user connects to previous authors of the article in the User

Network.

These networks' structure and the model's mechanism will be explained
thoroughly in the following chapters.

In order to examine the interactions among users (main agents), it is required
to define the meaning of links between them, and how they are building connections.
Because Wikipedia, and particularly its articles, are the main point of interest, we
should depict the interpersonal bonds accordingly. If a user creates a stub (the
Wikipedia term for undetailed, immature articles) and another user edits it and adds
better information about the subject, these two users, independent of whether they
know each other or not, are linked. They “cooperate” to write an article. This way,
every contributor of a particular article (over one thousand for many articles) belongs
to a group, or network, of interlinked individuals.

Our basic agent, a Wikipedia user, has several behavioural templates that they
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may follow when they contribute to Wikipedia. A user can only do four things with
an article: They may create a new article, read an existing one, edit it, or delete it.
Reading is a passive act and does not lead to a connection to other users, in our
model. The other three, on the other hand, makes the user more tightly connected to

the online community.

A Wikipedia Graph?

Graph theory is an abstraction of real life, which includes entities (nodes or
vertices) connected to each other with lines (edges or arcs). It has been firstly
developed and proposed by Euler (1741) and generalised by Cauchy (1813). Graph
theory finds numerous application areas from social networks to geographical
positioning services.

Wikipedia is neither a map nor a social network so it is not intuitive to
represent it as a graph. It is just a well-organised set of articles. This is, however, just
tip of the iceberg. Only roughly 14 per cent of the pages in Wikipedia are read and
edited — articles (Wikipedia: Statistics, 2013). Bulk of information lies within edit
discussion pages, project organisation pages, user profiles and so on. Wikipedia,
although not a hierarchical environment, is an outcome of a tight connected network
of capable individuals. Wikipedia community members specialise in their area of
contribution (locating in different points of infinite knowledge plane). Users with
similar interests communicate and cooperate for content creation. Because network
structure is not apparent, we need a method to generate a graph consisting of vertices
and edges (or a network). In our model, if a user edits a page he connects to all other

previous editors of the page, whereas later edits of a user on other pages connect first
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edited page to all others.

Hypertext Transfer Protocol (http) that connects information as well as
people on the Internet offers a rather obvious means to be represented by a graph.
Web pages point each other with one-way directed arcs: hyperlinks. Wikipedia is a
prototype of the Internet cloud, and includes excessive use of hyperlinks for both
development (red internal links of Wikipedia for non-existent articles or ‘citation
needed’ tag) and navigation (blue internal links of Wikipedia or links for external
web pages).

When we represent web pages as the nodes and hyperlinks as the directed
edges, we obtain a highly asymmetrical graph. Some pages belong to the privileged
set, accepting majority of the links, whereas rest of the cloud consists of web pages
with only several links. If we draw a web page count - link count graph, we observe
an inverse proportion pattern, with a ‘long-tail’ of vast majority of insignificant web

pages. This pattern is observable in Figure 6 (Adamic & Huberman, 2002).
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One particular class of graphs especially useful for internet-like networks and

this class is named as small world graphs (Watts & Strogatz, 1998). We follow a

certain procedure to reach a small world graph: we begin with a neighbour-connected

graph and with probability p we break a certain nodes neighbour connection and

connect it to a random other node in the network. This model of a graph-based

network captures clusters in online environment but requires refinement for better

modelling, and an extension of it will be utilised in our model. This extension is a

special type of preferential attachment (Barabasi & Albert, 1999) in which current

condition of vertices affect probability of future connections. As the current degree

increases for a node, probability to have more new edges also increases, creating a
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few hubs in the graph with substantially more connections than other nodes.

We propose a more central approach for small worlds. In online environment
small worlds (clusters) exist, in our view, but they are not randomly scattered around
the network. Tightly connected nodes (ones with more edges connected to them) are
more likely to belong to a cluster. This is because clusters (small worlds) emerge
around them. If a highly edited article on Wikipedia is taken, like “astronomy”; it is
more likely to belong to (actually create) a cluster than the article about a newly
discovered asteroid. Therefore we slightly alter small world graph procedure: after
break the link to a neighbour with probability p, rather than randomly selecting a
node for a new connection, we limit the pool of candidates for edge destination, to
nodes with large number of edges (e.g. those nodes which have more edges than two
times the average degree of nodes in the network).

Because we postulate functional resemblance between Wikipedia and the
Internet as a whole, we expect to see similar pattern of long-tail in Wikipedia articles
as well. Wikipedia main page is the concentration point of internal and external links
whereas newly created stubs would not connect with that many links, and stub count
far exceeds quality article count. Two thirds of the articles were stubs in Wikipedia
in 2010 (Gray,2010).

We should detect this type of long-tail pattern in user contributions as well,
since more contribution means better quality article (Wohner & Peters, 2009). Users
should gather around some central subjects, although outliers exist as well. This
leads us to the notion of general contributor traits among Wikipedians. Some prefer
one-shot contribution to create a new article and forget about Wikipedia (Good
Samaritans) whereas others try to gain reputation and status in online community via

constant contribution (Zealots). Furthermore, these natives of Wikipedia, zealots,
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differ among themselves in their frequency to edit/contribute, and their career
choices (editing many diverse articles or focusing on their point of interest). The
described connection building method, and basic character traits of Wikipedians
constitute the fundamentals of our model and graph, for the online encyclopaedia

community.

The Model: Agent-Based Model of Wikipedia on a Graph

Wikipedia covers a massive amount of information categorised in most of
scientific/social/academic fields known and aims to span the entirety of human
knowledge. In this sense its enlargement area potential is unlimited. Additionally, it
IS not a static project, and is developing constantly. This is a striking fact, since while
a measurement process for a characteristic of Wikipedia continues; its scope extends
to cover new information, invalidating the result.

Taken all explained aspects into account, Wikipedia's body of information
might be best represented as a cartesian plane, constructed in a nominal sense. This
would be an unbounded plane of information organised in such a way that there are
regions for every subject of interest of editors. For instance, the “Mathematics”
region covers a large area and “Complex Numbers” is a subdivision of it. Articles are
represented by “dots™ in this cartesian plane of information, as well as contributors of
Wikipedia, only with a different shape and colour. These dots locate in the plane in
such a way that more relevant articles, and users with similar interests, are closer to
each other. This is intuitive, as two mathematicians, for example, would probably
contribute more about mathematics, and therefore would locate in the mathematics
region, making them closer than a third physicist.

Higher or lower coordinate values do not have a comparative meaning in this
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plane; these are merely unique positional values. This type of abstract expression of

Wikipedia is observable in Figure 7.
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Fig. 7 Cartesian plane of information of Wikipedia, modelled in nominal sense.

Our model implements the described cartesian plane. Our plane is bounded
and the number of agents (users and articles) is less than that of Wikipedia for the
sake of feasibility and parsimony. Additionally, using a floating point for exact
positions of agents would add far too much complexity to calculations. The solution
we come up with, is to overlap this cartesian plane with a lattice of the same
dimensions. This enables usage of integer number coordinates for agents (in addition
to floating point exact position coordinates) and enables better measurement of
neighbourhood dimensions (neighbourhood concept will be described in detail).

This cartesian-plane-with-lattice based ABMS case basically includes
repeated re-processing of all agents (either a user or an article) in a meaningful time
unit or iteration called a tick. Initially, users and articles are unconnected vertices on
the cartesian plane. In every tick, user nodes build edges towards article nodes in the

affiliation network, with every connection meaning an edit.
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Inan N * N 2D square lattice/grid spread onto same dimensional cartesian
plane, every cell is initially empty - no one is using Wikipedia at first. According to a
user defined parameter (i.e. user count and article count) we generate agents and
locate them in the plane randomly (randomizing operations are based on uniform
distribution). The environment on which agents are created is a double-layered two-
dimensional plane. The first layer is a continuous plane where agents are produced
with random floating-point coordinates. The second layer is a grid (lattice) consisting
of one unit square cells and this layer is used to calculate neighbourhood dimensions.
Generation of a user node means a new user joins the circle, whereas an article node
represents a subject proposed to add information. But agents have not contributed yet
— only reading contents or developing interest for Wikipedia. In addition, for now,
articles are only titles. At the end of this initialisation phase we have userCount
(default value 1000) interested individuals ready to contribute about articleCount

(default value 1000) topics scattered randomly around the lattice.

Table 2 Main User Types in the Model

User Type Career Choice Characteristics and Contribution to Wikipedia

Contributes in the first tick only, by adding
information. Might be anonymous.

Good Samaritan -

Contributes in every tick, by adding or editing
Zealot Project Leader | information in their area of expertise (i.e. a
neighbourhood in the plane), for reputation.

Contributes in every tick, by editing Good
Zealot Administrator | Articles for grammatical errors, or according to
guidelines, for reputation.

The process of connecting the user-article graph differentiates according to

characteristics of the agents. Rather than a monotonous single type of agent, our
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model points out and simulates three distinct Wikipedia user styles. Users may prefer
to contribute only once, concealing their identity. These are named Good Samaritans
in Anthony et al.’s (2005) study. They are passersby in the online community, adding
a major body of information in a few edits (exactly one for our model for the sake of
simplicity), often not bothering to create an account or to pursue an image or status.
The next choice is turning into a Zealot. Zealots are the natives of the online
environment. They are after having a name and status. They have personal accounts,
user pages, and they join in decision-making process for the free encyclopaedia.

In this step, when determining the roles of users, we first check simulation-
operator-defined parameter values about contributor types. The Active user
percentage parameter determines how many of the users will be created as zealots to
make systematic contributions and how many of them will be created as good
samaritans who stop after first edit. This characteristic of agents is all-inclusive and
mutually exclusive, i.e. every agent is either zealot or good samaritan.

The third step focuses on career preferences of zealots. Starting from cell
(1,1) if a cell contains one or more zealots, we determine a career path for them.
There are mainly two career opportunities. According to an operator-defined
parameter, General Interest Percentage, they may prefer to edit the diverse set of
Good Articles (e.g. they may correct grammatical errors in articles with a substantial
number of edits). This choice ultimately takes them to the Administrator position.
Otherwise, they may concentrate on their area of interest and this path takes them to
the Project Leader position eventually, as shown in Table 4.

The fourth step is the beginning of collaboration, and the next steps repeat the
same algorithm (with some derivations) over and over. The fourth step handles good

samaritans’ one and only contribution and utilizes the Neighbourhood Connection
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algorithm (which will be explained in detail). For every cell that includes a good
samaritan, we use a neighbourhood connection algorithm to create an edge with
another agent in the vicinity of the cell. Because in the continuous plane a
region/neighbourhood represents an area of interest in a nominal sense, connecting to
a nearby article node means adding information to, or editing the article in question,
cooperating with agents having similar interest (users having an edge to the same
article node). This represents a user (good samaritan) writing or editing an article in
his area of interest. This iteration generates the first layer of connections and good
samaritans will not get connections anymore. They will simply be passed unchanged
for later iterations as they are assumed to contribute only once.

Beginning with fourth step, in every agent connection operation, a Good
Articles array will be updated. “Good article” label is a quality indicator for articles
by which Wikipedia adjusts its approach towards them. They are grouped into a
specific section and offered as the best of Wikipedia, which lead to a peak in
community interest. In our model, good articles are the ones that are regulated by the
edits of “administrators”. Although the real procedure for selection requires
candidate status and community consensus for promotion (“Wikipedia: Featured
article candidates”, n.d.) we utilise a highly-edited-means-high-quality approach as
there are findings on this (Ingawale, 2009) and in this thesis we argue for the
adoption of an easier and more automated selection process. The good article array
keeps a window of article nodes with most connections (the ones whose edge count
is greater than a parameterised multiple of average edge count of articles in the
network). Every new edge generation may modify included articles, increasing the
connection count for an article by one. When a new article is added to the list, the

first member is excluded from the array, preventing excessive processing of articles
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added earlier.

The fifth and later steps process grid cells containing zealots. For every
zealot, if they are a project leader candidate, we apply a neighbourhood connection
algorithm to create an edge with a nearby article. Otherwise, they are on the
administrator career track and we utilize the active agent connection algorithm (will
be explained in detail) to connect him with a member of good articles array. This
metaphorically represents a general edit (e.g. correcting the date of Turkish
Independence War) in a real life online community. Users who prefer to edit articles
on various subjects tend to apply Wikipedia guidelines for these articles, eventually
raising the user to the administrator position in the community, while also helping
the article for receiving “featured” status.

Beginning with the sixth step, the model basically connects active agents
(zealots) to related article nodes, according to their interest (location on the plane) or
motivation (The active agent connection algorithm raises good articles’ edges more,
as a side effect. This leads to gap between elite and normal articles of the
encyclopaedia, in a “rich gets richer” manner. This trend effectively captures the real
life phenomenon of long tail in scale-free graphs like the Internet).

We repeat the operations of the fifth step until a pre-determined tick/turn/step
count is reached, or until the system stabilises. We expect the resulting graph to
include both small-worlds/clusters (through the neighbourhood connection
algorithm, distance is inversely proportional to edge count) and the asymmetrical
nature of the world wide web, the long-tail phenomenon (through good article
connection algorithm, top article nodes build the majority of the connections, and the
rest constitute the tail).

Neighbourhood Connection Algorithm: According to neighbourhood
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dimension (ND) parameter specified by the operator of simulation, we take the
Moore neighbourhood of diameter ND around the agent in question, we scan for
finding an article to edit, in randomised order. Then we repeat the process for two
outer rings (the second circle with twelve cells, the third one with sixteen cells). This
first step is the neighbourhood search algorithm. If an article node is found in the
neighbourhood, we create an edge between it and the aforementioned agent, and we
stop the process. If no article agent is found, we stop the search and jump to the next
cell for associated agent operations.

Active Agent Connection Algorithm: For the agent in question, we look up
the good articles array, shuffle it, randomly choose one article node, and create the
edge between the result and our agent.

In first draft of the model, we designed the graph consisting of only users,
representing only the collaboration between the Wikipedians. As the next version,
the model has been generalised to include articles on the graph. This addition results
in a heterogeneous graph (including both agents and articles) and increases the
complexity as well as dynamism and closeness to reality. The algorithms have been
modified accordingly. In this version, edges connect two different entities, agents
and articles, making them arcs (one-to-one directed relationship). This type of edge
better simulates observable phenomena, describing a direct relationship between
nodes (e.g. a user edits an article). Throughout the process we develop a multimodal
collaboration network graph, which consists of articles and users. This type of
heterogeneous graph structure is referred to as an affiliation network in the literature
(Lattanzi & Sivakumar, 2009).

Because fundamental graph theory metrics such as average clustering

coefficient and path length of a network is defined for unimodal homogeneous
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graphs, the affiliation network needs to be projected distinct user and article

networks. The method, introduced in Ingawale et al. (2009) and employed in this

study, is executed as follows:

1. If user agent A currently edits an article agent B, connect user A to users

who previously worked on that particular article in the user network. Similarly, next

users editing the article will connect to agent A as well as previous editors.

2. If agent-user A currently edits an article B, connect article B to previous

works of agent A, i.e. articles edited by Agent A. These connections are built in the

article network.

Consequently, we have an affiliation network graph consisting of both

articles and users, and two unimodal graphs, which consist of projections of the

general network into article-article and user-user graphs.

Our social simulation experiment’s ultimate target and outcome is to

determine the relationship between our model’s designed parameters and the

resulting graph’s principal characteristics. This is illustrated in Figure 8.

Model Inputs

Mediating Parameters

Outcome Characteristics

_—ee e e e e’

Cartesian plane of
information

Grid of neighbourhood

Article nodes

User nodes

Active user percentage

General interest (Admin)
percentage

Neighbourhood dimension
Good article multiplier

Good article connection
count threshold

Total edge count

Path length

Clustering coefficient
Small world characteristics
Degree distribution

Degree correlation

Fig. 8 Basic input-output variables and mediating parameters of the model.
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Wikipedia, in our model, is the outcome of dynamic interactions among its
users. This massive network of collaboration needs an initial environment and inputs;
a process to utilise those inputs; and the resulting product, the graph (the network)
and the encyclopaedia. The basis of all the inputs is the universal human knowledge,
which is represented as the cartesian plane of information. Other requirements are the
interested individuals to add this body of information to the encyclopaedia (user
nodes), and the structured subjects to cover (article nodes). These phenomena

constitute the model inputs.

Mediating Parameters and Output Variables of the Model

In the process of collaboration, several parameters are thought of as the
factors mediating the activity. These parameters are described below:

Article/User Count: These variables are set by the operator prior to the
beginning of the simulation. In this way article count represents possible subject
areas, or stubs; whereas user count determines how many individuals are interested
in a newly founded edition of Wikipedia. As new connections i.e. new edges
pointing to the articles, are created by the users/editors, stubs evolve into established,
featured articles.

Dimensions of the Environment: As one of the most fundamental properties
of the graph, this parameter mediates the density of the network. Larger
environments, i.e. sparser networks, reduce the chance to find a peer agent in the
neighbourhood, which may result in unconnected sub-networks. In our model width

and height of the environment can be set unequal to build any kind of rectangular
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shape, but still, this parameter is a limitation of the simulation. This is because the
total knowledge of humankind is unbounded, and Wikipedia grows to cover a larger
portion of it every second. Future studies might expand on this to include an
enlarging environment.

Active User Percentage: This parameter determines the “zealots (active users)
/ total users” ratio. This means this active group contributes every tick (turn) whereas
the rest are good samaritans adding new content only once, in the beginning of the
simulation. This value is adjusted so that active users are the minority in our model,
in parallel with the real situation in the free encyclopaedia.

General Interest (Admin) Percentage: This represents the proportion of zealot
users who are on the administrator career path, which means they are able to connect
to “good articles” (articles with considerably high edit count, previously described)
with every tick, independent of distance in the cartesian plane. These users make
general edits to established articles

Good Article Connection Count: This parameter sets the minimum number of
connections (edges) a particular article needs to have in order to be checked for good
article status. This prevents good article selection in the early stages of the
encyclopaedia.

Good Article Multiplier: This value directly affects the good article status of
any given article. In our model, a good article is defined as a member of the highly-
edited, most contributed group of articles whose edit count is greater than a
minimum value (good article connection count threshold) and it is greater than Good
Article Multiplier *(times) Average Connection Count of Articles in the network.
More edits means more work to create a specific article, which is thought to be of

better quality compared to others in the system.
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Neighbourhood Dimensions: This parameter metaphorically represents the
area of Wikipedia users’ topic of interest, e.g. a biology expert may restrict their
edits/contributions to only biology topics, or they may prefer to add content about
medicine or genetics as well. This value determines the diameter of the Moore
neighbourhood around the agent of interest, so if value is set to 2, the user agent may
connect to a node in a 5x5 square area around themselves.

These mediating parameters are thought to actively affect the quality,
organisation and characteristics of the resulting network. This productive community
network is represented as a graph in our model, and these properties of the network
will be examined in measurable characteristics of the graph, as follows:

Total Edge Count: An edge means a unit of collaboration between two
entities, in our model. Total edge count is therefore the most basic measurement for
collaborative effort. Additionally, in the Affiliation Network, total edge count means
total edit count in the encyclopaedia, since an edit is represented as an edge between
user and article in this network.

Small-world characteristic Q: Small-world graphs have relatively recently
gained interest in academic circles and are a middle form of random and fully
connected graphs. This characteristic is a measure of how cluster (tightly knitted
group which is weakly connected to outside nodes) oriented a graph is. The
procedure for creating a small world graph is as follows: a chain of nodes in which
every (K)th node is connected to (k-1) and (k-2)th nodes, and last node is connected
to the first node, which is probabilistically 'randomised, i.e. for probability p an edge
is removed and directed to a random other node. For p=1 a random graph is built and
for p=0 a chain of nodes is kept. This characteristic measures how clustered a

network is.
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Path length: For a certain node nl1, the path length is the distance of a random
node n2 to it. The path length of a graph is the average distance of random nodes to
every node in the network.

Degree Distribution: This characteristic of a graph identifies equality (or lack
thereof) of edge count among nodes. If influential or active members exist in the
graph, their degree average increases and the distribution leans towards them. The
demonstration of the degree distribution is a column chart with the edge count on the
(x) axis and associated vertex count on the (y) axis.

Degree Correlation: This parameter is a representation of the preferential
attachment of high degree nodes to other high degree nodes. This is measured as
proportionality of degree of a node and its neighbours for every node in the graph.

Average Edit Count For Articles: Edit Count (represented as degree of an
article node) measures contribution efforts of an article and is the basic quality
indicator of it in our model. The average edit count for articles, therefore, is our main
tool for overall quality of the encyclopaedia simulated. We use this indicator for
assessment for success.

The explained five mediating parameters are examined for their effects on the
resulting six graph characteristics. A simulation replication is run first for the default
values for the mediating parameters, and then every parameter is given a higher and a
lower value. This way, 2x5=10 replications are run for the simulation experiment.
Along with the base run and eventual need for one more experiment for the good
article multiplier parameter, twelve experiments have been done. Succeeding
sections will elaborate on this simulation process.

RePast library functions enable visualisation of graph appearance and agent

activity.
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The Explanation of the Algorithm Used in the Experiment

The simulation experiments have been executed via an algorithm in the Java

programming language and the RePast simulation library for agent-based models, in

the pure object-oriented fashion. Presented below is the pseudocode transformed into

procedural format for readability. Basically, a typical run of the experiment consists

of two initial phases, a main loop iterated until the end of the simulation, and

calculation procedures for model data output. These are as follows:

1.

The initial environment is constructed (same dimensional cartesian
plane and lattice surface are overlapped; three separate networks, the
main affiliation network for editing activity, the user network for user-
user interactions, and article network for article-article interactions,
are created; and initial values for input parameters are set).

User and article vertices are created and randomly located on the
cartesian plane according to a specified amount, and user vertices are
given roles as good samaritan, project leader or administrator
according to specified ratios.

Good samaritan users make their one and only contributions, i.e. their
vertices are connected to a random article vertex in their
neighbourhood (an edge is created between and a closely located
article, in their area of interest).

In the main loop, in every iteration (tick), every active (zealot) user
makes an edit (connects to a article vertex) according to their role.
Administrator users connect to good articles, whereas project leader

users connect to articles about their expertise (nearby article vertices,
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in their neighbourhood).
5. After a specified number of ticks, graph characteristics are measured:
average degrees of articles and the small world characteristics as a
assessment of quality, degree distribution and degree correlation as
the analysis of the dynamics of collaboration, and the path length and
size of the giant component as to understand how closely knitted the
resulting community is.
The associated procedural pseudocode and pre-post conditions of the
program’s components, executed for simulation are shown in Figure 9, 10, 11, 12.

pre: empty cartesian plane of A x A dimensions exists - double array plane[A][A] =0
AUP(Active User Percentage) is set by the operator
GIP(General Interest Percentage) is set by the operator

post: affiliation network before ticks

void initialisation(){

FOR 1 = @ to userCount
SET j to random integer value between @ and A
SET k to random integer value between @ and A
Add user US to planelj] (k]

END FOR

SET p to random decimal value between @ and 1
IF p less than AUP
SET US as project leader
IF p less than GIP
SET US as administrator
END IF
ELSE
SET US as good samaritan
END IF

FOR 1 = @ to articleCount
SET j to random integer value between @ and A
SET k to random integer value between @ and A
Add article AR to plane[j][k]

END FOR

FORX=01to A-1
FORY =0 to A-1
IF plane([X][Y] includes a good samaritan
CALL neighbourhoodConnection(X, Y)
END IF
END FOR
END FOR

Fig. 9 Pseudocode of initialisation - deploys articles, users, connects good samaritans
pre: double array plane[A][A] exists with good samaritans connected
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GACCT(Good Article Connection Count Threshold) is set by the operator
GAM (Good Article Multiplier) is set by the operator
post: affiliation network with all connections done

void main{){
FOR i = 8 to tickCount

FOR X =8 to A -1
FORY =8 to A =1
IF plane[x][Y] includes a project leader PL THEN
CALL neighbourhoodConnection(X, Y, PL)
ENDIF

IF plane[X][¥] includes an administrator AD THEN
CALL activeAgentConnection{AD)
ENDIF

IF plane[x][¥] includes an article AR THEN
IF edge count of AR is greater than GACCT
and GAM * average edge count of articles THEN
Add AR to GoodArticles[] array
ENDIF
ENDIF

ENDFOR
ENDFOR

EMDFOR

Fig. 10 Pseudocode of the main program - connects zealots to articles until the end of
the simulation.

pre: ND (Neighbourhood Dimension) is set by the operator
post: User is connected to the first article found in the neighbourhood

voild neighbourheodConnection{double apsis, double ordinate, user US){

FOR X = apsis - ND to apsis + ND
FOR ¥ = ordinate - MND to ordinate + ND
IF plane[X][¥] includes an article AR THEN

Create an edge between AR and US

FOR every previous editor ED of AR

Create an edge between ED and US in User Network
ENDFOR

FOR every previously edited article PRE of USs
Create an edge between PRE and AR in Article Network
ENDFOR

ENDIF
ENDFOR
ENDFOR

Fig. 11 Pseudocode of neighbourhood connection algorithm- connects users to
articles in their neighbourhood.
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pre: GoodArticles[] array is not empty
post: Administrator user is connected to a random good article

void activefgentConnection{user US){

Shuffle GoodArticles[] array
Take last member LS of the array

Create an edge between LS and U5
FOR every previous editor LS of US

Create an edge between LS and US inm User Metwork
EMDFOR
FOR every previously edited article PRE of US

Create an edge between PRE and AR in Article Network
EMDFOR

Remove LS from the array

¥

Fig.12 Pseudocode of active agent connection algorithm - connects administrators to
good articles

Note: Pseudocode notation standard used above may be accessed in
http://users.csc.calpoly.edu/~jdalbey/SWE/pdI_std.html

Instrumentation and Parameter Variations

Before starting the simulation experiments, it did not take a long time before
it became apparent that a desktop computer (2.0 GHz dual core processor with 2 GB
RAM) would not supply adequate computational power, even only for the base run.
After one and a half hours of iterating the simulation, the computer was just in the
60th step of the first replication (base run includes 20 replications).

Therefore, a division of the computer lab (The Master's Lab of Bogazici
University MIS Department) was arranged for the experiment. The division consists
of 11 desktop computers of identical hardware specifications, as follows:

3.2 GHz processor with 4 cores

4 GB random access memory
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500 GB hard disk drive

Windows 7 operating system

These eleven computers executed simulation experiment's code for a week (7
days) in a continuous fashion. This seemingly long period of time might be
confusing, but the complexity of the model rises with higher parameters, and
general-purpose desktop PCs were utilised. The process of agent-based modelling
and simulation is comparable to other complex studies such as sequencing in
bioinformatics, in which performance-intensive processing units are used (e.g. Tagsan
(Lohmann et al., 2012) utilised an eight-core unit with 16-GB memory). The main
computer executed base run whereas others processed deviations in the parameters
(5 parameters with a higher and a lower value; 5x2=10). The computers ran 4
separate processes of 5-replication experiments in order to harness the full power of
quad-core processors.

Our simulation begins with the "base run" experiment, which would be used
for future reference to measure the effects of modifications in the parameters. This
first experiment consists of n=20 replications in which all the parameters were set to
a constant value. The logic behind these assigned values is described below:

Grid Height and Width: A 100x100 unit cartesian plane has been employed,
which both enables perception of distinct 2000 nodes when visualised, and facilitates
efficient processing being not too large.

Article and User Count: 1000 Users collaborating on and editing 1000
Articles is sensible for a recently founded edition of Wikipedia, and Ingawale's paper
(2008) examines Cebuano language edition, and both article and user count is below
2000. This values are suitable for a Knowledge Management System of a middle-

sized company as well, 1000 employees might be assigned to 1000 subjects of
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knowledge, one-to-one, for the first draft of articles.

Active User Percentage (AUP): 0.4 (forty per cent) value is in parallel with
findings about top ten Wikipedia editions (Ortega, Gonzalez-Barahona & Robles,
2008) in which authors discover that coordination and a considerable amount of
work is supplied by the top ten per cent of members of the community, who both add
new information and try to have a reputation in the circle of users. 0.2 and 0.6 values
are used for variations.

General Interest Percentage (Administrator User Percentage — GIP): One per
cent of active users (four in a thousand overall) are accepted as elite members who
may actually reach to the administrator chair (users who are able to block others
according to Wikipedia English edition) as well. However, in our context,
administrator users are the ones that contribute the most, and prepare and edit Good
Articles to make them conform to guidelines and regulations. This can be seen as a
side effect of their substantial influence over the network or they can be thought as
coordinators of the mass effort. This parameter has been varied to 0.005 and 0.015
values in the experiments.

Neighbourhood Dimension (ND): This parameter determines the area of
interest for good samaritans and project leaders on the cartesian plane of information,
and the neighbourhood dimension is the diameter of the Moore neighbourhood
around the user node. Four units for the diameter of a neighbourhood means 9x9=81
unit square area around the user node is accessible for it, and on average eight
editable articles are about the user's field of interest for base run. This parameter
takes values 3 and 6 as the variation for observing influence over network
characteristics.

Good Article Connection Count Threshold (GACCT): At least five edits are
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required for an article to become a good article candidate in base run. This value is
the bare minimum because an article having four or fewer edits may lack valuable
information or include considerable personal bias, as it may reflect only a few
people’s opinions. This parameter is altered to 2 and 8 values in the further
experiments.

Good Article Multiplier (GAM): This value determines how much an article
needs to be edited to be counted as a good article, as a multiple of the average degree
of the article nodes in the network. The default value is 2.5, which means an article
should have 25 or more edits before going into the good article window if the
average edit count is 10. This parameter was first lowered to 1.5, but no considerable
effect was observed in the results. This finding led to the notion that there is a
threshold, and that greater values would affect the network. Therefore 5 and 7.5

values are used for variations, producing meaningful results.

Table 3 Variation of Input Parameters for the Experiments

Lower Base Upper

Value Run Value
Article Count - 1000 -
User Count - 1000 -
Active User Percentage (AUP) 0.2 0.4 0.6
General Interest Percentage (GIP) 0.005 0.01 0.015
Neighbourhood Dimension (ND) 3 4 6
Good Article Connection Count Threshold (GACCT) 2 5 8
Good Article Multiplier (GAM) 1.5 2.5 575
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CHAPTER 4

RESULTS

This section firstly represents average output metrics of resulting networks

for variations of parameters in the experiments in Table 4 and Table 5. Succeeding

sub-sections summarises and discusses the results according to sensitivity analysis of

input parameters, and their effects on the specific network characteristics.

Table 4 Average Output Metrics of Networks for Base Run, Variations of Average

User Percentage (AUP), General Interest Percentage (GIP), Neighbourhood
Dimension (ND)

Input | Base | AUP= | AUP=| GIP= | GIP= ND= ND=
Avg. Output Val.| Run 0.2 0.6 0.005 | 0.015 3 6
Metrics
Total Edge | Affl.
Count Net. 2987 1834 | 4201 | 2968 | 2923 1939 4225
Art.
Net. 12558 | 7265 | 21239 | 12783 | 11871 | 5392 25993
“2{ 5824 | 2300 | 10552 | 5417 | 5665 2916 9243
Small World | Usr.
Charc. Q Net. 1.87 0.79 2.46 1.64 1.81 0.96 2.31
Art.
Net 1.68 0.94 2.71 1.85 2.46 0.87 2.80
Path Length | Usr.
Net. 4.58 8.75 3.32 5.02 4.87 8.62 3.60
Art.
Net 476 8.41 3.23 4.77 3.32 9.48 3.09
Clustering | Usr.
Coefficient | Net. 0.62 0.50 0.59 0.60 0.64 0.60 0.60
Art.
Net. 0.58 0.58 0.64 0.64 0.59 0.60 0.63
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Table 5 Average Output Metrics of Networks for Base Run, Variations of Good
Article Multiplier (GAM), Good Article Connection Count Threshold (GACCT)

Input | Base | GAM= | GAM= | GAM= | GACCT= | GACCT=

Av. Output Val.| Run 1.5 5 7.5 2 8

Metrics

Total Edge | Affl.

Count Net. 2987 2996 2946 2885 3095 1834
Art.
Net. 12558 | 12717 11587 | 11136 19967 11228
Usr.
Net 5824 5756 5408 5013 6230 4982

Small World | Usr.

Charc. Q Net. 1.87 1.97 1.43 1.03 2.38 0.86
Art 1.68 1.76 1.60 0.78 3.05 0.75
Net.

Path Length | Usr.
Net. 4.58 4.62 5.84 9.18 3.40 9.99
At 476 | 468 | 556 | 1071 | 2.99 10.71
Net.

Clustering | Usr.

Coefficient | Net. 0.62 0.66 0.61 0.68 0.59 0.62
Art.
Net. 0.58 0.60 0.65 0.61 0.66 0.58

Note: Average Total Edge Count values have been rounded to integer values in
Tables 4 and 5.
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Sensitivity Analysis

Neighbourhood Dimension (ND)

Neighbourhood dimension (ND) is very effective in both increasing average
edit count (edge count or degree) for articles, and reducing path length without a
substantial loss in clustering coefficient, leading to a higher small world
characteristic Q, suggesting a better structured, more informative encyclopaedia.
When neighbourhood dimensions rise from 3 to 4 and then 6, average article and
user degree grows more than proportionally, suggesting a very effective relationship.
Another observation of particular interest here is that the article network does not
stabilise after 50 ticks when neighbourhood dimension is 6. Even if the affiliation
network and the user network’s total degree count reaches a plateau and tends to stay
constant, the article network’s total degree count shows linear growth until the end of
the experiment, when ND=6. When ND is 3, however, the main affiliation network
and other networks get away from the being a proper “network”. That is, they are
sets of tiny disconnected components (in the size of the ND), and “one giant
component to cover and connect most of the nodes” does not exist. These structural

differences are traceable in Figure 13.

a. b. C.
Fig. 13 Article Network graph visualisations for experiments when
neighbourhood dimension (ND) = 3 (a), ND =4 (b) and ND =6 (c).
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Good Article Multiplier (GAM) and Good Article Connection Count

Threshold (GACCT)

GAM and GACCT basically influence the system in the same fashion. GAM
limits the good article selection process with a multiple of average degree of the
network, whereas GACCT determines the lowest edit count for being included in the
set. These two parameters have produced a significant result of this study. If we ease
the selection process for the good articles (or the featured articles), the resulting
interest rise improves the total quality of the encyclopaedia. For the base run, we
used value 5 as the good article connection count threshold. If we raise the barrier,
let’s say GACCT=8, the affiliation network loses nearly half of its total edit count:
1834 (2987 for base run). If we would use more relaxed limits like GACCT=2,
however, the article network total edge count almost doubles: 19967 (12257 for base
run). Effects on the user network development may be seen in Figure 15 visually. We
observe a similar pattern in path length and small-world characteristic metrics as
well. User network path length and article path length duos are: (3.40,2.58) for
GACCT=2, (4.58, 4.76) for base run, (9.99, 10.71) for GACCT=8. Small-world
characteristic Q, likewise (2.38,3.05) for GACCT=2, (1.87, 1.68) for base run, and
(0.86, 0.75) for GACCT=8. Similarly, these Q values for GAM are (1.87, 1.68) for
GAM=2.5 (base run), (1.41,1.60) for GAM=5 and (1.03, 0.78) for GAM=7.5.

Reduction of small-world characteristic of the network is traceable in Figure 14.

58



3.00 4.00
3,00 r/ 3.00 /
2.00
100 1.00
0.00 0.00
10 25 40 10 ET 50
b. 2.00 200
1.50 — 150 '/'4'__’
1.00 1.00
0.50 0.50
0.00 0.00
10 25 a0 10 30 50
C.
1.00 0.80
’--""'"" ’ ¢ 0.60 L
.50 0.40
0.20
£.00 .00
10 25 40 10 0 50

Fig. 14 Small-world characteristic Q development for user and article
networks, affected by the variations of GACCT (GACCT =2ina, GACCT =5inb
— base run, GACCT =8 inc)

Additionally, we observe “divergent” good articles and zealots and reduced
linearity (lower r*2) in lower barriers (low GACCT and GAM). These outputs
clearly demonstrate reduced barriers for the elite set of articles (good or featured) not

only populate and improve the set more, but also results in increased quality for the

whole.
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a. b. C.

Fig. 15 User Network graph visualisations for experiments when Good
Avrticle Connection Count Threshold (GACCT) =2 (a), GACCT =5 (b) and GACCT
= 8 (¢). These visualisations clearly demonstrate the “negative” impact of high
standards for good article selection criteria on Wikipedia community network of our
model.

Active User Percentage (AUP)

Active users (zealots) are the hard workers of the online community. If we
somehow raise their relative population in the community, it is rather intuitive that
overall quality improves. This notion is in parallel with our findings: it affects all
three networks’ total edge counts with a very effective positive relationship and total
edge counts increase asymmetrically. For instance, affiliation network includes 1834
edges when AUP=0.2, 2987 when AUP=0.4 (base run), and 4201 when AUP=0.6.

Total edge development pattern for variations of AUP in Figure 16 supports this.
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Fig. 16 Total edge development pattern for affiliation, user and article
networks for AUP = 2 (a), AUP =5 (b — base run) and AUP =8 (c)

Same story holds true for path length in user network: 8.75 for AUP=0.2,
4.58 for base run, and 3.32 for AUP=0.6. Small-world characteristic Q is also
affected considerably and interestingly. If AUP is too low (2) network does not even
develop — the 10th, 25th, and 40th step Q values are (0.79, 0.73, 0.79), indicating that
the network grows disconnected. More users and articles are divergent in degree
correlation charts when percentage increases, pointing out more effort. Degree
distribution charts point out same relationship: if the zealot percentage increases, the
degree distribution shifts right for both article and user networks. Another
observation here is that high AUP leads to higher differences of the experiment’s
degree distribution values, raising the standard deviation among the experiments.

General Interest Percentage (GIP)

General interest percentage determines ratio and population of administrators
in the system. Basically, we failed to discover any substantial effect of GIP on the
resulting output measures of the system. This is clearly observable in total edge
counts of affiliation network, article network and user network values for changing
GIP inputs: (2905.31, 12783.35, 5417.70) for GIP = 0.005; (2987.35, 12557.65,
5823.80) for GIP = 0.01 - base run; and (2923.50, 11871.35, 5665.80) for GIP =

0.015. The administrator count, as can be seen, not only does fail to dramatically
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increase edit count and quality in encyclopaedia, but also it may even slightly
decrease it. Small-world characteristic Q values also support the ineffective factor
status: user network Q values are, (1.64) for GIP=0.005, (1.87) for GIP=0.01; and
(1.81) for GIP=0.015. GIP increases degree correlation between users and their
neighbours as well (we have found out higher degree correlation to be an indicator of
lesser quality for the encyclopaedia). There might be two distinct explanations for
this obvious ineffectiveness of administrator counts in the dynamics of the model.
Firstly, our model uses a seriously low percentage of general interest in our
experiments: 0.005, 0.01, 0.015, therefore we might fail to assess the influence on the
results. Secondly, it might stem from the very nature of the encyclopaedia we aim to
simulate: It is not an administrator-driven encyclopaedia, and administrators are
actually merely hardworking users. These explanations will be elaborated in the

conclusion chapter.

Results for Specific Network Characteristics

Total Edge Count

Total edge count (degree) is synonym for sum of edit counts (user activity) in
Affiliation Network, therefore total edge count of affiliation network is our primary
quality metric for a newly developing encyclopaedia. Quality measuring by the count
of editorial activity on an article is an established metric for Wikipedia in the
literature as well (Wilkinson & Huberman, 2007) as edits are the indivisible units of
effort for an article.

For our simulation, total edge count development tends to follow a general
pattern — the chart of total edge counts against tick counts (time) has an asymptotic

trend-line which eventually seems to get steady. This is because, first steps of the
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experiment are the most suitable period for expansion — project leaders’
neighbourhoods are empty, and promoting to good article status is easy as average
degree is low in the network. Eventually project leaders complete their collaboration
efforts and good articles array freezes; leading the system to stabilise as shown in

Figure 17 for base run (main experiment without variations in parameters).

4000 20000 10000
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1 81725334145 1 8152229384350 11019283746
Aiffiliztion Metwork Total Edge Count Article Matwork Tatal Edpe Count User Netwark Total Edge Count

Fig. 17 Network total edge count development for base run.

This trend is observed all three types of networks (affiliation, user and article).

There are some exceptions for the stabilisation process. If the network cannot
complete its development in 50 ticks and nodes still tend to connect at the end of the
experiment, we continue to observe an increase trend in article network through the
final steps of the experiment. This is a strong indicator for a better quality
encyclopaedia for this parameter value. This is observable in experiments ND=6 and
AUP=0.6 suggesting active user count and their area of interest are strong mediators
of quality in the free encyclopaedia.

For base run, step 50 values for total edge counts are 2987.35 on average for
affiliation network, 12557 for article network, and 5823 for user network. For

comparison, other experiments’ results are shown in Table 28 and Table 29.

Path Length
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Path length value tends to decrease as the collaboration network develops and
matures, as may be seen in Figure 18. Path length is found to be in an inverse
relationship with neighbourhood dimension parameter and ND is very effective on
the reduction of path length value. The relationship, however, cannot be defined as
“correlation”, because path length value is more difficult to further reduce when the

value is lower.
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Fig. 18 Average path length development for user(a) and article(b) networks.

We may mention here about a certain “threshold” for path length value, and
in our experiments this threshold seems to be close to 3. Of course the ultimate
threshold for the path length of any network is 1, the value of fully connected
network. Our experiments, on the other hand, tries to simulate a network of human
community, of which several studies measured to have “six degrees of separation”
(the path length is six) beginning with the famous experiment of Milgram (1967).
Later studies found even lower path length values in the online world, for instance
four degrees of separation for F*cebook.com, a social media network (Backstrom et
al., 2012). This is parallel with our findings, as the lowest path length value we

reached in the whole simulation is 3.09 (when ND = 6, Table 4).
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Clustering Coefficient

Clustering Coefficient measurement gives unintuitive results, as it does not
change and deviate much throughout our simulation, other than small-scale
fluctuations of expected direction (for article network; path length = 0.63 when ND =
6 and path length = 0.60 when ND = 3; path length = 0.58 when active user
percentage = 0.2 and path length = 0.64 when active user percentage = 0.6 ). This

may be exemplified clustering coefficient development in base run in Figure 19.

Average Clustering Coefficient in User Metwark Avarage Clustering Coefficient in Article Netwaork
Step EvE-STOEY  AVG  AVGHETDEV Step AWGSTDEY  AMG  AWGHSTDEY
10 0.25 061 0.98 10 0.14 0.55 0.95
25 0.30 Q.62 0.54 30 Q.18 0.58 0.94
40 0.29 062 0.95 50 Q.18 0.58 0.94
a. b.
1.50 1.50
1.00 1.00
0.50 0.50
0.00 B | N 0.00 | ||
0 25 40 10 30 S0

Fig. 19 Clustering coefficient development for user(a) and article(b) networks.

In parallel to these findings, Ingawale et al.’s paper (2009) demonstrated that
clustering coefficient‘s change is relatively low in the development of Cebuano
language Wikipedia. Additionally, the definition of small-world network includes
having clustering coefficient similar to a regular lattice, with a considerably low path
length (Watts & Strogatz, 1998), hinting a stable nature of clustering coefficient in
the concept of graph theory. Clusters are closely linked to the concept of
neighbourhoods (clustering coefficient is defined to be ratio of one node’s connected
neighbours to total count of neighbours), and our model is based on the

neighbourhood concept (by neighbourhood connection algorithm), therefore
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existence of a stable clustering basis — at around sixty per cent — throughout the

experiment, is not surprising.

Small-World Characteristic Q

Small-World Characteristic Q, the main measuring stick for quality and
similarity-to-nature for networks, demonstrates a clear relationship with network
maturity as seen in Figure 20, and with our input parameters. Neighbourhood

Average Small Warld Coefficient in User Metwork Avergga Small World Coefficient in Article Matwork

Step ANVG Step ANG
10 1.20 10 1.08
25 1.54 30 161
40 157 50 1.68

a.

2.00 2.00
1.50 — 150 /__'
1.00 1.00
0.50 0.50
0.00 0.00
10 25 40 10 30 50

Fig. 20 Small world char. Q development for user(a) and article(b) networks.

dimension value affects small-world characteristic Q with a substantial positive
relationship, that is, if ND value increases, the network “grows smaller” — average
degree (average edit count and average quality) rises, while network becomes more
tightly knitted together. This suggests, while neighbourhoods (clusters) still exist,
they cover a larger area, gathering more information from users for articles. More
members of these neighbourhoods are reached and edited by administrators, and they
become up to the standards. In the big picture, we eventually have more
standardised-and-high-quality articles, which means a higher quality encyclopaedia.

This substantial relationship is shown to hold true for Active User Percentage (AUP,
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Table 4). An inverse relationship between Q and good article parameters can be

observed as well (GACCT and GAM, Table 5).

Degree Correlation

Collaboration network in our model holds a high degree of degree correlation

as may be seen in Figure 21.
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Fig. 21 Degree correlation development of article network for base run.

Degree correlation follows an interesting pattern when network qualifications alter. It

seems to in an inverse relationship with the quality of emerging encyclopaedia in our
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simulation experiments. When neighbourhood dimension (ND), good article
multiplier (GAM) or active user percentage (AUC) value enhances zealot activity,
and this leads to more edits for the average article and increases quality. Throughout
this effect, however, zealots (active users) and good articles positively “diverge”
from normal nodes in their network — they seem to have a different pattern of
collaboration network, and they therefore do not abide by the linear degree
correlation structure of good samaritans. Higher value nodes of article network
“bend” the upper part of degree correlation line, reducing linearity, therefore

decreasing r"2 value of linear function used to express the relationship.

Degree Distribution

Degree distribution observed in the experiments have a specific structure for
article and user networks. User networks’ degree distribution generally represents an
asymptotic decrease with high population of users with few edits representing good
samaritans. However users’ degree distribution chart includes an interesting “bump”
in the tail section as well and this bump points out zealots’ average edit count. This
way users’ degree distribution may be considered as a combination of two
distributions — one for good samaritans and one for zealots. This common pattern is

observable in Figure 22.

a. b.
150.00 £0.00
100,00 £0.00
40.00
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Fig. 22 Degree distribution in user(a) and article(b) network s for base run.
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Effects of two input parameters are clearly observable on user degree
distribution: Active user percentage (AUP) and neighbour dimension (ND). As they
increase, they “thicken” and stretch the tail of the distribution suggesting main
effects being on the zealots’ contributions. Numbers express similar results: For
AUP, sum of average count of users who made more edits like 17-19 is 1.95 for
AUP=0.2, 39.15 for AUP=0.4 and 95.95 for AUP=0.6; for ND we observe a shift of
local extremum of the ‘bump’ to the right, the extremum point is 6 degrees for
ND=3, 9 degrees for ND=4 and 19 degrees for ND=6. Good Article Connection
Count Threshold (GACCT) and Good Article Multiplier (GAM), on the other hand,
make the tail thinner and weaken the activity of zealots considerably. The average
count of users having between 14 and 16 edits (zealots) is 79.10 when GACCT=2,
67.35 when GACCT=5 and 58.45 when GACCT=8; whereas those having between
18 and 20 edits are 30.15 when GAM=2.5, 18.55 when GAM=5, and 12.30 when

GAM=7.5.
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CHAPTER 5

CONCLUSION

This study has examined and discussed the application of agent-based
modelling and graph theory concepts on the development of an online community for
collaborative content creation. As the outcome of graph-theoretical agent-based
simulation experiments, we reached significant findings that support these three
results:

1. A rise in the relative population of active users’ (project leaders and
administrators) leads to more effort for the information quality and results in
more comprehensive and informative encyclopaedia.

2. Enlargement and diversity of these active users’ area of interest
(neighbourhood dimension) make the resulting network more tightly knitted
and improve overall quality of the encyclopaedia.

3. Provided that the elite set of articles (good articles and featured articles) are
allowed to grow and the selection process is easy (good article multiplier and
good article connection count threshold are low), information quality and
average edit count increase not only for these articles, but also for the whole
encyclopaedia, leading to better quality.

These findings clearly deserve a deeper analysis and possible use for a better
Wikipedia.

That higher relative population and percentage of zealots increase
information content of the encyclopaedia is obviously intuitive. However, our
simulation demonstrates that this increase is not a mere pile-up of unstructured

information. More zealots additionally mean that a better organised network, and
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more structured well-represented information. Collaboration network becomes more
tightly connected with members are linked with less degrees of separation (shorter
path length). How to achieve a higher rate of repeatedly — contributing active users,
is an essential question, therefore. Wikipedia policymakers are aware of this need as
well. They attempt to encourage anonymous users to have an online identity and
account — the compulsory starting point for a regularly contributing member.
Wikipedia has special pages dedicated to persuade its contributors to sign up for an
online account (“Wikipedia: Why create an account?”, n.d.). We propose an
extension for this apparently required act. If the user is an anonymous one,
Wikipedia stores their contribution using their IP — both for statistical and security
reasons. We propose to send a cookie to anonymous users’ computers and use it to
understand if the user has contributed before. If they did, the next time they open a
Wikipedia webpage, we may show a banner recognizing their previous contributions,
and kindly requesting more. This way, Wikipedia might benefit more from its
anonymous users and we might reach a novel concept: an anonymous zealot.
Because many users deliberately stay anonymous and their contributions are the most
constructive (Antony, Smith & Williamson, 2007), their repeated efforts might really
help make the free encyclopaedia a better place.

Diversifying good samaritans’ and project leaders’ topics of interest to spread
their efforts (neighbourhood dimension concept) is another method we demonstrated
to positively affect the health of the community network and quality of resulting
encyclopaedia. The persuasion of experts on a subject to contribute on related
subjects should therefore be another target. In order to achieve this, we propose an
article-oriented mechanism. This is because, in Wikipedia’s chaotic and anonymous

environment, not only would persuasion of users be nearly impossible, but also even
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identifying “which user is an expert on what” information would be too difficult.
Rather, we recommend an increase of the concentration of internal links in the high-
quality articles’ text. Links are blue-coloured words in the text, which take the reader
to further information about the subject. The idea we propose is as follows: if we
utilise a number of bots (computer scripts of Wikipedia) to increase link
concentration in good and featured articles, as many expert users have worked on
these articles to raise them to elite status, we encourage these experts to contribute on
those linked articles as well. This is because red links (articles which do not exist)
and blue links connecting to stubs, will get the attention of the expert group who
enriched the article at hand.

As the last and probably the most useful method we propose is to ease the
selection process for, and to extend the set of, good and featured articles. Our model
of collaboration network of Wikipedia and succeeding simulation indicate that higher
population of this elite set results in the improvement of quality for the whole
product. Joining to the set of good and featured articles leads to a surge in interest for
the new members of the set, and the higher quantity of the set enables the
encyclopaedia to benefit more from this surge of interest. We propose a novel
approach for good/featured article selection process, by automising it. In various
studies, word count (Blumenstock, 2008) and edit count (Wilkinson & Huberman,
2007) have been shown to be direct indicators of quality for articles. We propose two
additional metrics: citation count and bringing back “article score” by users (score
section is now removed from Wikipedia). These four measurements would probably
provide a high success in differentiating higher and normal quality articles. The rise
of interest in these novel good/featured articles would result in more effort done for

them, benefitting every article of the free encyclopaedia. Additionally, this approach
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would give readers an opportunity to utilise more information from Wikipedia.
“Currently, out of the 4,600,461 articles on Wikipedia, 20,511 are categorized as
good articles (about 1 in 225) and 4,364 are listed as featured articles (about 1 in
1,060)” (Wikipedia: Good articles, 2014), and the scarcity of these status tags leaves
users no indicator of quality for most articles. Therefore, a general measurement
stick would be of help for users to decide if they should use the information or not. In
Wikia (the next for-profit project of one of Wikipedia founders, Jimmy Wales), the
WAM Score is utilised for measuring the quality of Wikis, for example (“How is the
WAM calculated?”, 2014). Additionally, this method may allow for good/normal
separation in every academic field for Wikipedia, and may be used for creation of a
nearly-complete encyclopaedia consisting of only high quality articles (e.g. for
offline use). Therefore, advantages of this four-metric automatic assessment of
articles would be multi-dimensional.

Notable constraints included bounded environment for collaboration network,
constant amount of user and article nodes throughout the simulation, exclusion of
vandalism behaviour. Future work on the subject might prefer a growing structure for
online community as well as an expanding design for the cartesian plane of
information. One of the main problematic areas for the free encyclopaedia, the
vandalist behaviours of users, ought to be included in subsequent work on the
subject. This could be done by randomly omitting the edges in collaboration
network, representing deletion of a user’s efforts. Systematic vandalism and edit
wars might be worked on as well.

Our study may find an important application area in Knowledge
Management Systems (KMS) for corporations. KMS software is a basis for

employee-collaboration for creation of training documents for new members. A
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similar or specialised model might be developed for examination of such systems as
well. A KMS network would include directors and coordinators (administrators),
expert, seasoned employees (project leaders) and one-shot contributors (good
samaritans) as well. Such an approach would be of assistance for better management
of KMS environments.

Lastly, we want to speculate on the basis, the essence, the main driving
force of Wikipedia. Throughout the research and modelling process, Wikipedia never
stopped astonishing us. Its quality, lack of formal rules and hierarchy, and endless
journey always for the better, more than amazed us many times. We felt that —
although this is open to debate and further research — the main driving force of
Wikipedia is “goodness”. It is an anti-thesis of the daily life consisting of a constant
struggle for interests, and conflict of interests. At least for good samaritans, or
dedicated editors (including the one who made over one million edits (Waugh,
2012)) however, there is no observable interest in giving information to the world.
Therefore, what we understand here is, we, as human beings, always have a “good”,
or altruistic side. However, we cannot reflect this side of us in normal daily life as it
might be abused or perceived as powerlessness. Wikipedia, however, provides us
with the perfect place to reflect this benevolent side. We spread our information to
the world, without introducing ourselves, for the greater good. This is not explicable
with anything other than altruism. This is why Wikipedia might be taken as a reason

to believe in the benevolent side of the human nature...
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APPENDIX: OUTPUT DATA

Base Run, n=20 Replications Results

Table 6 Total Edge Count Development for Base Run

Affilitation@Network® Article@Network? UseriNetworkzl

AVGBEBTDEV AVG AVGEHBTDEV AVGEBTDEV AVG AVGBBTDEV AVGEBTDEV AVG AVGBBTDEV
Stepll 689.12 699.40 709.68 285.61 291.30 296.99 656.26 687.70 719.14
StepR2 1026.55 1043.55 1060.55 1012.84 1036.40 1059.96 1219.59 1278.60 1337.61
Step® 1290.32 1310.60 1330.88 1927.18 1961.65 1996.12 1784.88 1875.45 1966.02
Step 1503.27 1530.50 1557.73 2868.24 2929.30 2990.36 2298.25 2416.50 2534.75
Step® 1690.16 1720.05 1749.94 3779.28 3866.65 3954.02 2770.42 2901.25 3032.08
Step® 1838.32 1878.90 1919.48 4583.27 4724.05 4864.83 3141.58 3291.55 3441.52
Step 1973.20 2015.30 2057.40 5363.01 5511.10 5659.19 3453.31 3616.50 3779.69
Step®B 2082.87 2129.40 2175.93 6008.83 6194.75 6380.67 3716.84 3890.30 4063.76
Step® 2183.79 2229.95 2276.11 6621.20 6810.10 6999.00 3957.34 4130.00 4302.66
StepE0 2270.01 2316.45 2362.89 7194.30 7357.00 7519.70 4146.29 4323.80 4501.31
StepFll 2348.39 2396.50 2444.61 7694.84 7867.35 8039.86 4324.41 4501.80 4679.19
StepEl2 2415.62 2463.20 2510.78 8159.10 8315.05 8471.00 4464.43 4652.40 4840.37
StepE3 2476.45 2525.05 2573.65 8565.59 8738.05 8910.51 4596.13 4789.30 4982.47
StepFl4 2526.96 2576.85 2626.74 8889.64 9093.35 9297.06 4706.10 4903.60 5101.10
StepEl5 2568.90 2622.55 2676.20 9184.81 9420.40 9655.99 4801.35 5011.00 5220.65
StepE6 2609.12 2663.20 2717.28 9490.19 9729.60 9969.01 4889.94 5107.10 5324.26
StepEl7 2642.50 2698.20 2753.90 9751.08 10002.30 10253.52 4965.38 5188.30 5411.22
StepA8 2673.25 2730.10 2786.95 9980.56 10246.55 10512.54 5026.43 5257.20 5487.97
StepE9 2700.20 2758.00 2815.80 10189.54 10477.05 10764.56 5096.62 5325.40 5554.18
StepR0 2726.63 2783.50 2840.37 10397.06 10688.55 10980.04 5150.40 5379.80 5609.20
StepR1 2749.49 2807.75 2866.01 10592.41 10891.25 11190.09 5197.79 5436.30 5674.81
Step@R2 2767.48 2828.05 2888.62 10746.59 11081.55 11416.51 5244.46 5492.00 5739.54
Step@R3 2782.28 2844.75 2907.22 10872.23 11227.85 11583.47 5280.19 5529.50 5778.81
Step®R4 2796.09 2859.75 292341 10985.16 11360.00 11734.84 5310.00 5560.10 5810.20
Step@R5 2809.29 2874.85 2940.41 11099.47 11486.00 11872.53 5340.78 5590.90 5841.02
Step26 2820.30 2885.90 2951.50 11187.65 11584.95 11982.25 5360.08 5616.80 5873.52
Step@R7 2828.75 2897.00 2965.25 11262.81 11683.05 12103.29 5374.55 5637.90 5901.25
Step28 2837.41 2907.05 2976.69 11338.22 11775.55 12212.88 5393.06 5658.80 5924.54
Step@29 2846.25 2916.40 2986.55 11429.05 11867.55 12306.05 5412.27 5679.90 5947.53
Step@B0 2855.27 2924.00 2992.73 11502.24 11938.20 12374.16 5429.60 5693.70 5957.80
Step@B1 2861.84 2931.05 3000.26 11557.12 12007.15 12457.18 5443.62 5708.70 5973.78
Step@2 2867.24 2937.35 3007.46 11603.06 12069.75 12536.44 5453.73 5721.40 5989.07
Step@B3 2872.61 2943.20 3013.79 11643.71 12120.60 12597.49 5462.12 5732.20 6002.28
Step@B4 2877.16 2947.90 3018.64 11684.30 12165.80 12647.30 5467.77 5740.20 6012.63
Step@B5 2880.42 2952.45 3024.48 11718.69 12213.80 12708.91 5479.00 5751.80 6024.60
Step@B6 2882.70 2955.85 3029.00 11739.44 12254.30 12769.16 5484.65 5760.20 6035.75
Step@B7 2886.09 2959.75 3033.41 11770.94 12290.50 12810.06 5490.25 5767.90 6045.55
Step@B8 2888.15 2962.65 3037.15 11785.58 12311.90 12838.22 5494.43 5773.20 6051.97
Step@B9 2890.83 2965.75 3040.67 11813.50 12341.90 12870.30 5499.65 5778.70 6057.75
Step@0 2893.42 2968.65 3043.88 11836.12 12370.10 12904.08 5505.13 5784.90 6064.67
StepEl1l 2896.10 2971.80 3047.50 11865.22 12402.15 12939.08 5511.81 5790.70 6069.59
Step2 2897.89 2973.90 3049.91 11878.38 12415.95 12953.52 5516.30 5794.90 6073.50
Step@3 2900.85 2976.95 3053.05 11908.28 12447.10 12985.92 5522.82 5800.90 6078.98
Step4 2903.04 2979.10 3055.16 11934.07 12472.85 13011.63 5530.54 5806.20 6081.86
Step@5 2904.15 2980.50 3056.85 11948.00 12486.10 13024.20 5533.03 5809.90 6086.77
StepEl6 2905.01 2982.00 3058.99 11958.34 12502.75 13047.16 5534.62 5812.80 6090.98
Stepl7 2906.50 2983.85 3061.20 11971.31 12523.85 13076.39 5536.05 5815.80 6095.55
Step@8 2907.40 2985.00 3062.60 11980.64 12532.50 13084.36 5538.00 5818.20 6098.40
StepEl9 2908.43 2985.90 3063.37 11986.38 12539.45 13092.52 5541.48 5820.10 6098.72
Step®B0 2909.81 2987.35 3064.89 12004.82 12557.65 13110.48 5544.20 5823.80 6103.40
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Fig. 23 Network total edge count development for base run.

75




KeyiNetwork@MetricsForBArticleBnd@seriNetworks

Average®athlength@n@ser@Network

Average®athlengthf@nBArticleiNetwork
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Fig. 24 Path length (a), clust. coeff. (b), small world char. Q (c) development

for base run.
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Table 7 Article and User Network Degree Distribution for Base Run.

Nodel UserfNetwork@serountf Nodel Article@Network@rticleR
Degree HavingfThat@egree Degree CountfHavingThat@egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 78.30 84.25 90.20 1 -0.35 0.25 0.85
2 99.44 109.90 120.36 2 0.02 1.17 2.31
3 81.13 91.10 101.07 3 2.46 4.83 7.21
4 54.98 62.25 69.52 4 5.01 9.42 13.82
5 11.60 16.75 21.90 5 11.89 17.58 23.28
6 30.89 36.30 41.71 6 18.90 29.25 39.60
7 28.41 31.70 34.99 7 26.16 38.00 49.84
8 24.81 29.75 34.69 8 31.40 42.58 53.77
9 28.97 34.40 39.83 9 36.88 51.83 66.79
10 25.22 30.95 36.68 10 44.94 56.75 68.56
11 25.95 32.70 39.45 11 45.06 58.50 71.94
12 26.97 33.15 39.33 12 45.42 55.92 66.42
13 21.33 25.85 30.37 13 49.67 60.58 71.50
14 20.32 26.05 31.78 14 47.20 56.25 65.30
15 17.43 23.30 29.17 15 43.57 51.58 59.60
16 13.20 18.20 23.20 16 49.75 54.92 60.09
17 11.03 15.75 20.47 17 32.95 43.17 53.38
18 8.06 12.95 17.84 18 24.26 38.17 52.08
19 6.44 10.45 14.46 19 14.00 28.67 43.34
20 4.56 7.15 9.74 20 19.47 24.75 30.03
21 1.45 3.95 6.45 21 13.85 17.75 21.65
22 1.64 3.60 5.56 22 9.18 13.83 18.49
23 0.12 1.40 2.68 23 5.61 9.08 12.56
24 3.54 7.67 11.80
25 1.52 4.67 7.81
26 -0.26 4.58 9.42
27 0.90 2.92 4.94
28 1.02 2.83 4.65
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Fig. 26 Degree distribution for base run.
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Good Article Connection Count Threshold (GACCT) = 8, n=20 Rep. Results

Table 8 Total Edge Count Development for GACCT =8

AffilitationNetworkR? Article@Network® UseriNetwork?

AVGHER AVGELA AVGHER AVGEE AVGHER AVGELE
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
SteplL 614.94 623.75 632.56 279.99 287.25 294.51 654.12 681.90 709.68
Step®2 824.97 837.85 850.73 1000.69 1023.75 1046.81 1195.75 1238.70 1281.65
Step@® 969.58 986.05 1002.52 1901.74 1950.85 1999.96 1756.29 1814.10 1871.91
Step 1088.61 1107.85 1127.09 2811.95 2890.50 2969.05 2241.22 2312.70 2384.18
Step® 1186.83 1207.40 1227.97 3679.32 3791.15 3902.98 2647.29 2721.50 2795.71
StepH 1264.56 1289.55 1314.54 4513.71 4659.10 4804.49 3004.66 3080.20 3155.74
Step® 1331.92 1358.80 1385.68 5262.15 5435.95 5609.75 3286.80 3373.70 3460.60
Step® 1390.19 1418.55 1446.91 5895.93 6125.05 6354.17 3513.83 3612.35 3710.87
Step® 1441.27 1470.25 1499.23 6466.30 6724.00 6981.70 3695.07 3804.75 3914.43
StepEl0 1482.22 1513.95 1545.68 6948.47 7253.60 7558.73 3851.88 3969.25 4086.62
Stepl1 1517.46 1549.60 1581.74 7388.15 7713.75 8039.35 3987.43 4107.65 4227.87
Step2 1548.64 1581.45 1614.26 7790.56 8120.00 8449.44 4099.84 4216.00 4332.16
Step3 1577.77 1610.55 1643.33 8136.47 8478.35 8820.23 4198.75 4321.50 4444.25
Step@l4 1603.21 1636.35 1669.49 8460.28 8803.05 9145.82 4281.45 4407.35 4533.25
Stepl5 1624.94 1659.10 1693.26 8700.83 9073.95 9447.07 4357.39 4482.65 4607.91
StepAl6 1641.84 1678.45 1715.06 8929.28 9306.65 9684.02 4418.82 4546.35 4673.88
StepAl7 1658.11 1695.45 1732.79 9123.44 9509.45 9895.46 4462.21 4596.70 4731.19
Step@ 8 1672.94 1710.70 1748.46 9299.52 9689.85 10080.18 4506.65 4640.75 4774.85
Step@9 1686.39 1724.75 1763.11 9455.43 9866.70 10277.97 4545.12 4683.00 4820.88
Step@0 1696.91 1737.05 1777.19 9611.19 10018.20 10425.21 4584.62 4721.70 4858.78
Step@1 1707.46 1748.00 1788.54 9743.91 10164.15 10584.39 4621.81 4756.30 4890.79
Step@2 1716.00 1756.90 1797.80 9852.16 10276.00 10699.84 4646.44 4784.20 4921.96
Step@3 1724.10 1765.60 1807.10 9945.68 10373.05 10800.42 4669.29 4808.70 4948.11
Step@4 1732.10 1773.30 1814.50 10017.34 10452.30 10887.26 4690.23 4828.05 4965.87
Step@5 1737.90 1780.70 1823.50 10087.08 10529.30 10971.52 4709.70 4845.95 4982.20
Step@6 1744.12 1786.70 1829.28 10146.17 10595.70 11045.23 4722.58 4861.05 4999.52
Step@7 1749.64 1791.95 1834.26 10201.11 10655.10 11109.09 4737.23 4874.35 5011.47
Step@8 1754.48 1796.85 1839.22 10256.27 10713.70 11171.13 4747.17 4887.95 5028.73
Step@9 1757.94 1800.60 1843.26 10324.02 10776.70 11229.38 4759.80 4900.45 5041.10
Step@0 1762.34 1805.20 1848.06 10368.49 10824.45 11280.41 4768.89 4909.25 5049.61
Step@1 1765.84 1808.95 1852.06 10399.58 10868.80 11338.02 4775.01 4919.05 5063.09
Step@2 1769.24 1812.45 1855.66 10434.35 10905.25 11376.15 4784.73 4927.00 5069.27
Step®3 1771.88 1815.35 1858.82 10473.10 10940.90 11408.70 4790.26 4934.50 5078.74
Step@4 1774.40 1817.75 1861.10 10508.00 10979.90 11451.80 4797.46 4943.15 5088.84
Step@5 1776.94 1819.60 1862.26 10528.91 11011.55 11494.19 4802.58 4948.85 5095.12
Step@6 1778.25 1821.30 1864.35 10552.83 11043.25 11533.67 4805.79 4953.15 5100.51
Step@7 1779.76 1823.25 1866.74 10574.44 11068.90 11563.36 4808.32 4956.65 5104.98
Step@8 1780.90 1824.50 1868.10 10595.74 11089.50 11583.26 4810.85 4959.75 5108.65
Step@9 1782.36 1826.00 1869.64 10610.29 11107.75 11605.21 4813.09 4962.35 5111.61
Step@0 1783.56 1827.20 1870.84 10622.65 11122.50 11622.35 4814.26 4964.15 5114.04
Step@1 1784.62 1828.40 1872.18 10628.90 11138.15 11647.40 4816.79 4966.65 5116.51
Step@?2 1785.25 1829.10 1872.95 10649.00 11156.00 11663.00 4819.48 4969.25 5119.02
Step®3 1785.52 1829.85 1874.18 10663.16 11167.25 11671.34 4821.07 4971.65 5122.23
Step@4 1786.56 1830.65 1874.74 10676.25 11178.65 11681.05 4823.27 4973.45 5123.63
Step®5 1787.31 1831.50 1875.69 10680.24 11184.75 11689.26 4824.32 4974.65 5124.98
Step@6 1788.10 1832.10 1876.10 10688.71 11194.60 11700.49 4825.11 4975.85 5126.59
Step@7 1788.54 1832.90 1877.26 10693.93 11202.60 11711.27 4825.64 4978.40 5131.16
Step@8 1788.91 1833.30 1877.69 10698.76 11215.45 11732.14 4827.40 4979.70 5132.00
Step@9 1789.65 1834.00 1878.35 10707.42 11221.25 11735.08 4827.93 4980.40 5132.87
Step®0 1789.97 1834.75 1879.53 10711.37 11228.70 11746.03 4829.16 4982.00 5134.84
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Fig. 27 Network total edge count development for GACCT = 8.
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Fig. 28 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for
GACCT=8.
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Table 9 Article and User Network Degree Distribution for GACCT =8

NodeR UseriNetwork@serounte Nodel ArticleNetwork@rticleR
Degree HavingfThat@egree Degree CountavingfThat@egree
AVG- AVG={ AVG- AVG=E[
STDEV AVG STDEV STDEV AVG STDEV
1 80.40 89.20 98.00 1 0.09 0.58 1.08
2 94.89 106.75 118.61 2 0.03 1.42 2.80
3 81.33 90.15 98.97 3 2.57 6.83 11.09
4 53.41 61.85 70.29 4 3.17 8.25 13.33
5 31.38 39.00 46.62 5 11.53 18.67 25.80
6 21.78 27.30 32.82 6 21.78 29.75 37.72
7 21.54 27.35 33.16 7 31.03 39.17 47.30
8 23.14 26.95 30.76 8 34.33 44.75 55.17
9 35.14 39.65 44.16 9 38.66 50.92 63.17
10 34.61 41.35 48.09 10 51.12 58.83 66.55
11 33.74 40.20 46.66 11 49.35 58.83 68.32
12 30.39 35.35 40.31 12 54.32 62.58 70.84
13 27.04 33.15 39.26 13 47.25 59.00 70.75
14 20.69 25.70 30.71 14 43.82 61.08 78.35
15 15.54 19.30 23.06 15 46.47 55.50 64.53
16 10.10 13.45 16.80 16 44.53 53.83 63.13
17 6.37 9.25 12.13 17 36.17 48.50 60.83
18 291 5.80 8.69 18 31.42 39.92 48.42
19 2.17 3.60 5.03 19 26.69 35.17 43.64
20 0.84 2.85 4.86 20 22.42 29.08 35.75
21 15.01 24.50 33.99
22 13.04 16.17 19.30
23 7.51 11.25 14.99
24 4.76 7.83 10.91
25 2.89 6.00 9.11
26 0.32 3.00 5.68
27 0.70 2.50 4.30
150.00@ 100.00m
100.00@ |,
50.00m
50.002- <| ‘ | I |
0.00g ML | I|I|I|||| | .||.||.|I.'I.".-'. s 0,008 .'.-'.'l.l | LELLLE .
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Fig. 30 Degree distribution for GACCT=8.
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Good Article Connection Count Threshold (GACCT) = 2, n=20 Rep. Results

Table 10 Total Edge Count Development for GACCT =2

AffilitationENetworkE Article@Network® UseriNetwork?

AVGHER AVGHE AVGER AVGEE AVGE[ AVGHLE
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
Stepd 691.11 700.00 708.89 287.61 293.40 299.19 665.25 689.80 714.35
Step®2 1030.46 1045.10 1059.74 1008.16 1033.20 1058.24 1260.44 1295.10 1329.76
Step® 1297.15 1316.80 1336.45 1928.80 1975.30 2021.80 1841.15 1903.40 1965.65
Step 1511.43 1534.40 1557.37 2870.47 2939.95 3009.43 2347.14 2433.90 2520.66
Step® 1692.51 1721.90 1751.29 3807.17 3902.20 3997.23 2784.06 2891.60 2999.14
Step® 1846.24 1878.80 1911.36 4686.18 4790.50 4894.82 3141.49 3265.00 3388.51
Step® 1987.72 2018.60 2049.48 5505.53 5606.00 5706.47 3471.87 3597.90 3723.93
Step® 2102.24 2135.15 2168.06 6240.03 6342.75 6445.47 3733.50 3864.70 3995.90
Step® 2205.92 2238.80 2271.68 6895.62 7016.40 7137.18 3962.39 4085.70 4209.01
Step@ 0 2289.99 2326.40 2362.81 7443.58 7605.25 7766.92 4154.31 4278.90 4403.49
Step@ 1 2369.25 2407.15 2445.05 7982.85 8164.10 8345.35 4325.98 4451.10 4576.22
Step@2 2432.73 2473.00 2513.27 8445.62 8655.20 8864.78 4455.33 4588.00 4720.67
Step@3 2493.48 2534.45 2575.42 8892.61 9116.85 9341.09 4578.48 4715.10 4851.72
Step@ 4 2545.39 2588.50 2631.61 9313.82 9540.95 9768.08 4692.13 4826.10 4960.07
Stepd5 2592.76 2635.75 2678.74 9710.15 9933.65 10157.15 4791.96 4924.10 5056.24
Stepdl6 2637.98 2679.50 2721.02 10076.13 10295.95 10515.77 4889.49 5018.30 5147.11
Step@7 2673.99 2717.05 2760.11 10402.15 10633.20 10864.25 4972.13 5099.40 5226.67
Step 8 2707.26 2751.05 2794.84 10712.65 10959.85 11207.05 5046.75 5175.00 5303.25
Step@9 2736.12 2780.15 2824.18 11011.25 11266.90 11522.55 5108.90 5241.70 5374.50
Step@20 2760.98 2805.60 2850.22 11288.08 11556.85 11825.62 5173.71 5304.10 5434.49
Step@21 2783.43 2828.65 2873.87 11561.16 11846.35 12131.54 5230.26 5359.20 5488.14
Step@2 2803.88 2850.40 2896.92 11799.12 12110.05 12420.98 5280.00 5409.40 5538.80
Step@23 2822.83 2870.75 2918.67 12054.84 12379.80 12704.76 5330.63 5460.80 5590.97
Step@24 2838.85 2888.60 2938.35 12296.10 12649.85 13003.60 5372.34 5504.00 5635.66
Step@5 2854.47 2904.50 2954.53 12552.72 12901.05 13249.38 5412.87 5546.80 5680.73
Step@6 2867.88 2919.45 2971.02 12810.10 13157.65 13505.20 5453.16 5588.30 5723.44
Step@7 2881.79 2933.00 2984.21 13064.76 13411.05 13757.34 5497.02 5631.60 5766.18
Step@28 2893.26 2944.95 2996.64 13301.78 13651.85 14001.92 5535.11 5669.60 5804.09
Step@29 2904.67 2957.50 3010.33 13539.12 13905.85 14272.58 5573.50 5709.30 5845.10
Step@0 2917.00 2968.50 3020.00 13807.42 14161.85 14516.28 5609.40 5742.90 5876.40
Step®1 2926.48 2977.95 3029.42 14070.53 14423.60 14776.67 5637.59 5776.30 5915.01
Step®2 2935.28 2987.45 3039.62 14329.60 14694.45 15059.30 5670.34 5808.80 5947.26
Step®3 2943.94 2995.60 3047.26 14589.14 14953.70 15318.26 5700.79 5836.80 5972.81
Step®@4 2952.26 3003.95 3055.64 14840.79 15221.80 15602.81 5734.97 5868.70 6002.43
Step@5 2959.35 3011.70 3064.05 15107.24 15495.25 15883.26 5761.00 5896.80 6032.60
Step®6 2966.60 3018.60 3070.60 15373.08 15756.65 16140.22 5786.96 5920.50 6054.04
Step@B7 2973.59 3025.45 3077.31 15638.52 16033.45 16428.38 5813.12 5948.30 6083.48
Step®8 2979.13 3031.65 3084.17 15906.71 16305.70 16704.69 5835.30 5969.80 6104.30
Step@9 2986.34 3038.60 3090.86 16204.40 16593.25 16982.10 5859.82 5995.20 6130.58
Step@#0 2991.80 3044.75 3097.70 16476.98 16872.20 17267.42 5885.15 6020.90 6156.65
Step@#H1 2997.39 3050.65 3103.91 16745.07 17165.85 17586.63 5911.11 6046.80 6182.49
Step@#2 3002.72 3055.85 3108.98 17004.68 17439.80 17874.92 5929.39 6066.30 6203.21
Step®3 3007.76 3061.25 3114.74 17291.35 17740.85 18190.35 5949.15 6087.60 6226.05
Step@4 3013.31 3066.95 3120.59 17582.04 18050.85 18519.66 5970.06 6108.40 6246.74
Step@#5 3018.32 3071.80 3125.28 17885.99 18355.65 18825.31 5992.94 6131.30 6269.66
Step@E#6 3023.10 3076.60 3130.10 18170.77 18669.85 19168.93 6013.20 6150.30 6287.40
Step@E7 3027.25 3081.20 3135.15 18452.54 18984.60 19516.66 6032.63 6169.60 6306.57
Step@#8 3032.61 3086.20 3139.79 18746.93 19310.95 19874.97 6051.19 6190.00 6328.81
Step@#9 3036.55 3090.80 3145.05 19063.29 19645.55 20227.81 6071.53 6210.50 6349.47
StepB0 3040.90 3095.35 3149.80 19386.05 19967.20 20548.35 6090.63 6230.10 6369.57
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Fig. 31 Network total edge count development for GACCT=2.
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Fig. 32 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for
GACCT=2.
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Fig. 33 Degree correlation development for GACCT=2.
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Table 11 Article and User Network Degree Distribution for GACCT =2

Nodel UseriNetwork@serfountf Nodel ArticleENetwork®rticlel
Degree HavingfThat@egree Degree Count@avingfThat@egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 83.68 94.40 105.12 1 -0.21 0.17 0.54
2 76.20 85.55 94.90 2 0.29 1.00 1.71
3 80.74 91.50 102.26 3 0.05 2.92 5.79
4 58.33 66.20 74.07 4 5.87 11.42 16.96
5 35.64 42.15 48.66 5 12.02 18.75 25.48
6 26.61 30.30 33.99 6 19.12 31.25 43.38
7 17.82 22.95 28.08 7 23.89 35.33 46.78
8 18.09 22.55 27.01 8 28.21 39.08 49.96
9 23.93 27.70 31.47 9 28.97 42.33 55.70
10 28.34 33.60 38.86 10 31.07 46.33 61.60
11 28.87 33.80 38.73 11 37.59 49.67 61.75
12 28.41 35.50 42.59 12 27.71 44.08 60.46
13 30.32 35.90 41.48 13 29.80 43.42 57.03
14 25.63 31.25 36.87 14 34.67 43.92 53.16
15 22.42 26.80 31.18 15 32.28 42.25 52.22
16 15.16 21.05 26.94 16 24.29 37.33 50.38
17 12.79 17.10 21.41 17 29.86 36.00 42.14
18 6.83 9.85 12.87 18 20.77 26.58 32.39
19 4.29 7.70 11.11 19 20.84 25.33 29.83
20 14.57 19.17 23.76
21 9.45 15.58 21.71
22 7.40 11.25 15.10
23 5.36 10.92 16.48
24 0.70 9.08 17.46
150.00m 80.000
100.00m 60.008
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Fig. 34 Degree distribution for GACCT = 2.
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General Interest Percentage (GIP) = 0.005, n=20 Replications Results

Table 12 Total Edge Count Development for GIP = 0.005

AffilitationiNetwork? Article@Network® UseriNetwork@

AVGER AVGER AVGER AVGEE AVGER
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG AVGHEHBTDEV
Stepfl 689.56 698.20 706.84 291.80 295.45 299.10 654.40 676.90 699.40
Step®@ 1027.16 1038.75 1050.34 1019.64 1041.40 1063.16 1189.70 1235.20 1280.70
Step® 1290.33 1305.60 1320.87 1925.41 1973.80 2022.19 1752.32 1825.35 1898.38
StepE 1508.41 1526.05 1543.69 2843.92 2930.15 3016.38 2269.69 2351.40 2433.11
Step® 1690.47 1710.05 1729.63 3728.63 3848.35 3968.07 2700.17 2790.85 2881.53
Step® 1838.53 1865.60 1892.67 452351 4683.10 4842.69 3072.68 3160.90 3249.12
Step® 1970.41 1998.95 2027.49 5287.29 5455.05 5622.81 3360.80 3451.30 3541.80
Step® 2090.06 2116.05 2142.04 5969.47 6145.85 6322.23 3613.75 3706.70 3799.65
Step® 2182.02 2211.75 2241.48 6541.60 6742.20 6942.80 3808.42 3904.60 4000.78
Step@ 0 2269.28 2301.40 2333.52 7104.58 7299.30 7494.02 3988.27 4090.30 4192.33
StepA 1 2341.40 2376.85 2412.30 7580.15 7786.05 7991.95 4129.45 4234.10 4338.75
Stepm2 2405.38 2443.30 2481.22 7982.64 8208.05 8433.46 4264.65 4368.40 4472.15
Step3 2461.61 2501.20 2540.79 8339.32 8585.65 8831.98 4371.56 4477.90 4584.24
Step@l4 2509.34 2551.35 2593.36 8673.52 8926.30 9179.08 4461.96 4573.70 4685.44
Stepd5 2555.94 2599.70 2643.46 9004.32 9254.30 9504.28 4544.01 4663.50 4782.99
Step@l6 2595.44 2640.30 2685.16 9285.34 9549.50 9813.66 4618.38 4738.10 4857.82
Step@7 2628.00 2675.80 2723.60 9528.22 9804.05 10079.88 4678.48 4805.60 4932.72
Step@ 8 2655.98 2706.20 2756.42 9731.66 10024.00 10316.34 4737.88 4867.90 4997.92
Step@9 2682.21 2732.95 2783.69 9938.40 10221.75 10505.10 4786.78 4918.40 5050.02
Step@0 2704.91 2756.90 2808.89 10115.30 10411.50 10707.70 4828.86 4962.50 5096.14
Step@21 2725.84 2778.30 2830.76 10290.19 10591.20 10892.21 4874.56 5006.20 5137.84
Step@2 2746.41 2800.00 2853.59 10457.82 10763.25 11068.68 4925.75 5054.70 5183.65
Step@3 2764.45 2817.20 2869.95 10600.14 10911.95 11223.76 4956.29 5089.70 5223.11
Step@4 2777.46 2831.85 2886.24 10726.08 11046.90 11367.72 4980.84 5118.40 5255.96
Step@5 2789.70 2845.30 2900.90 10836.81 11171.55 11506.29 5009.28 5145.90 5282.52
Step@6 2803.01 2858.35 2913.69 10969.94 11301.70 11633.46 5038.13 5172.90 5307.67
Step@7 2813.94 2869.45 2924.96 11088.94 11410.35 11731.76 5063.34 5197.60 5331.86
Step@8 2823.88 2879.75 2935.62 11189.74 11525.70 11861.66 5082.66 5218.50 5354.34
Step@9 2832.37 2889.40 2946.43 11282.03 11634.90 11987.77 5096.95 5238.90 5380.85
Step@0 2840.30 2898.30 2956.30 11377.35 11735.05 12092.75 5117.97 5259.80 5401.63
Step@1 2849.10 2906.75 2964.40 11476.94 11838.40 12199.86 5135.14 5277.80 5420.46
Step@2 2856.32 2913.60 2970.88 11562.37 11923.95 12285.53 5148.61 5293.50 5438.39
Step®3 2861.62 2919.85 2978.08 11629.21 12003.45 12377.69 5160.99 5309.80 5458.61
Step@4 2865.69 2924.95 2984.21 11691.86 12076.20 12460.54 5172.70 5323.00 5473.30
Step@5 2869.87 2930.55 2991.23 11756.65 12164.50 12572.35 5182.94 5337.80 5492.66
Step@®6 2874.88 2935.65 2996.42 11823.72 12241.15 12658.58 5192.22 5348.20 5504.18
Step@7 2878.83 2939.85 3000.87 11874.60 12306.15 12737.70 5200.01 5356.70 5513.39
Step@®8 2882.36 2943.70 3005.04 11917.67 12363.00 12808.33 5207.85 5362.90 5517.95
Step@9 2885.76 2947.45 3009.14 11966.13 12432.40 12898.67 5216.20 5373.80 5531.40
Step@0 2889.39 2950.95 3012.51 12006.80 12483.70 12960.60 5219.02 5380.40 5541.78
Step@1 2891.65 2953.65 3015.65 12037.94 12528.40 13018.86 5223.13 5386.30 5549.47
Step@?2 2894.38 2956.60 3018.82 12068.23 12576.80 13085.37 5226.39 5391.00 5555.61
Step®3 2895.75 2958.60 3021.45 12096.24 12613.50 13130.76 5229.74 5395.30 5560.86
Step@4 2897.61 2960.55 3023.49 12115.97 12641.55 13167.13 5232.53 5400.00 5567.47
Step@5 2899.16 2962.10 3025.04 12134.11 12672.30 13210.49 5236.53 5404.70 5572.87
Step@6 2900.73 2963.60 3026.47 12155.28 12701.35 13247.42 5237.74 5408.30 5578.86
Step@7 2902.05 2965.00 3027.95 12173.88 12722.30 13270.72 5238.95 5411.00 5583.05
Step@8 2902.86 2966.25 3029.64 12177.20 12747.05 13316.90 5238.78 5412.90 5587.02
Step@9 2904.49 2968.00 3031.51 12197.53 12768.90 13340.27 5241.54 5416.00 5590.46
Step@0 2905.31 2968.95 3032.59 12203.45 12783.35 13363.25 5242.37 5417.70 5593.03
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Fig. 35 Network total edge count development for GIP = 0.005.
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Fig. 36 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for

GIP = 0.005.
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Fig . 37 Degree correlation development for GIP = 0.005.
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Table 13 Article and User Network Degree Distribution for GIP = 0.005

Nodel UseriNetwork@ser@ountf Nodel@ ArticleiNetwork@rticleount?
Degree HavingfThat@egree Degree HavingfThat@egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 80.45 89.50 98.55 1 -0.29 0.33 0.96
2 97.93 106.05 114.17 2 -0.04 1.33 2.71
3 87.00 98.70 110.40 3 1.95 4.42 6.88
4 54.96 62.15 69.34 4 5.87 12.67 19.47
5 16.26 20.60 24.94 5 12.01 19.67 27.32
6 28.71 33.45 38.19 6 21.53 29.67 37.80
7 25.59 32.55 39.51 7 26.31 37.00 47.69
8 28.41 34.55 40.69 8 32.44 45.92 59.39
9 27.16 32.80 38.44 9 36.49 51.33 66.18
10 31.32 36.90 42.48 10 50.14 59.25 68.36
11 29.19 34.65 40.11 11 58.74 69.42 80.09
12 25.17 32.05 38.93 12 48.32 59.00 69.68
13 26.29 32.05 37.81 13 48.57 60.42 72.26
14 19.54 24.90 30.26 14 47.32 59.92 72.52
15 17.14 21.00 24.86 15 43.62 52.92 62.21
16 11.35 16.30 21.25 16 43.88 52.25 60.62
17 10.06 13.15 16.24 17 33.77 42.67 51.57
18 6.55 10.25 13.95 18 28.61 34.42 40.23
19 3.66 6.50 9.34 19 20.39 30.25 40.11
20 1.72 3.70 5.68 20 16.24 24.33 32.43
21 0.62 2.15 3.68 21 14.56 21.33 28.11
22 0.01 0.90 1.79 22 6.58 14.50 22.42
23 0.11 0.60 1.09 23 4.10 9.58 15.07
24 4.43 6.08 7.74
25 2.19 4.58 6.98
26 0.72 3.50 6.28
150.00m 100.00m
100.00m |
50.008 [ H
50.00@
o Ml . o‘oo_ﬁmlll ]MJM
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Fig. 38 Degree distribution for GIP = 0.005.
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General Interest Percentage (GIP) = 0.015, n=20 Replications Results

Table 14 Total Edge Count Development for GIP = 0.015

AffilitationNetwork? Article@Network? UseriNetwork@
AVGER AVGEZ AVGHEE AVGHE AVGHER AVGHE
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
Stepl 668.92 689.55 710.18 275.88 288.85 301.82 616.14 662.35 708.56
Step®2 990.28 1023.10 1055.92 966.78 1014.90 1063.02 1127.46 1208.95 1290.44
Step@® 1238.69 1284.35 1330.01 1822.88 1916.35 2009.82 1649.01 1771.30 1893.59
Step@ 1443.87 1500.25 1556.63 2711.94 2858.40 3004.86 2130.63 2285.95 2441.27
Step® 1620.77 1684.75 1748.73 359599 3777.35 3958.71 2543.75 2743.05 2942.35
Step@® 1767.79 1841.00 1914.21 4413.56 4636.65 4859.74 2894.51 3125.50 3356.49
Step@ 1897.50 1975.55 2053.60 5153.38 5397.80 5642.22 3181.20 3446.65 3712.10
Step® 2002.55 2091.55 2180.55 5793.01 6092.30 6391.59 3419.89 3727.40 4034.91
Step® 2090.55 2188.25 2285.95 6334.77 6673.70 7012.63 3623.61 3955.30 4286.99
Step0 2173.76 2275.05 2376.34 6871.33 7231.35 7591.37 3827.04 4170.10 4513.16
Stepl 1 2243.48 2350.70 2457.92 7308.96 7706.60 8104.24 3994.37 4347.20 4700.03
Step@2 2304.46 2417.35 2530.24 7699.37 8140.60 8581.83 4124.17 4500.50 4876.83
Step@3 2356.72 2472.70 2588.68 8037.66 8502.50 8967.34 425473 4631.70 5008.67
Step@l4 2406.40 2525.55 2644.70 8372.25 8855.65 9339.05 4358.53 475490 5151.27
Step5 2448.66 2570.70 2692.74 8677.87 9174.25 9670.63 4450.90 4867.30 5283.70
Stepfl6 2488.00 2612.10 2736.20 8952.62 9472.40 9992.18 4539.14 4967.05 5394.96
Step@7 2518.86 2646.55 2774.24 9165.70 9711.65 10257.60 4606.62 5049.60 5492.58
Step@ 8 2546.50 2678.20 2809.90 9363.88 9943.10 10522.32 4669.96 5118.00 5566.04
Step@9 2574.96 2706.90 2838.84 9556.49 10145.20 10733.91 4733.68 5186.50 5639.32
Step@0 2595.62 2731.65 2867.68 9710.89 10333.70 10956.51 4780.09 5243.45 5706.81
Step@1 2615.63 2754.70 2893.77 9853.08 10509.65 11166.22 4820.04 5293.50 5766.96
Step@2 2631.53 2772.60 2913.67 9970.46 10648.70 11326.94 4852.00 5332.35 5812.70
Step@23 2647.77 2789.85 2931.93 10089.87 10786.35 11482.83 4895.77 5376.25 5856.73
Step@24 2660.79 2804.10 2947.41 10190.48 10896.80 11603.12 4929.79 5411.45 5893.11
Step@5 2673.32 2818.50 2963.68 10284.02 11002.75 11721.48 4958.20 5443.40 5928.60
Step@6 2682.35 2829.15 2975.95 10358.66 11088.15 11817.64 4973.63 5463.80 5953.97
Step@7 2693.52 2840.35 2987.18 10441.24 11170.60 11899.96 5000.89 5485.50 5970.11
Step@8 2701.14 2849.75 2998.36 10502.10 11249.75 11997.40 5020.83 5506.75 5992.67
Step@9 2708.73 2857.85 3006.97 10558.16 11318.75 12079.34 5036.69 5525.95 6015.21
Step@0 2717.77 2866.55 3015.33 10624.90 11391.35 12157.80 5059.77 5546.35 6032.93
Step@1 2723.63 2873.15 3022.67 10668.51 11440.45 12212.39 5067.47 5557.35 6047.23
Step®2 2728.35 2879.30 3030.25 10709.24 11486.25 12263.26 5077.56 5571.55 6065.54
Step®3 2732.91 2885.00 3037.09 10747.63 11534.45 12321.27 5087.73 5584.95 6082.17
Step@4 2737.57 2889.90 3042.23 10781.22 11578.60 12375.98 5092.74 5592.55 6092.36
Step@®5 2739.84 2893.45 3047.06 10802.54 11611.65 12420.76 5098.72 5600.75 6102.78
Step@6 274459 2898.70 3052.81 10837.43 11656.50 12475.57 5109.78 5613.00 6116.22
Step@7 2747.16 2901.90 3056.64 10857.30 11682.95 12508.60 5114.30 5620.10 6125.90
Step®8 2750.24 2904.55 3058.86 10884.55 11707.25 12529.95 5118.36 5624.40 6130.44
Step@9 2752.07 2907.20 3062.33 10898.54 11729.40 12560.26 5122.11 5629.90 6137.69
Step@0 2754.32 2909.30 3064.28 10918.89 11750.45 12582.01 5129.51 5635.95 6142.39
Step@1 2756.39 2911.65 3066.91 10935.08 11769.35 12603.62 5135.06 5641.75 6148.44
Step®?2 2759.20 2914.20 3069.20 10950.80 11790.75 12630.70 5140.48 5646.30 6152.12
Step®3 2760.63 2915.50 3070.37 10965.20 11802.35 12639.50 514499 5649.10 6153.21
Step@4 2761.36 2916.55 3071.74 10972.35 11812.55 12652.75 5146.68 5651.60 6156.52
Step@5 2763.06 2917.90 3072.74 10982.79 11825.40 12668.01 5151.54 5655.35 6159.16
Step@6 2764.39 2919.20 3074.01 10994.51 11835.30 12676.09 5154.25 5657.75 6161.25
Step@7 2765.75 2920.65 3075.55 11005.82 11849.25 12692.68 5159.61 5661.10 6162.59
Step@8 2766.74 2921.85 3076.96 11012.89 11859.65 12706.41 5163.94 5664.40 6164.86
Step@9 2767.58 2922.70 3077.82 11019.43 11866.45 12713.47 5164.19 5664.90 6165.61
Step@®0 2768.05 2923.50 3078.95 11021.68 11871.35 12721.02 5164.78 5665.80 6166.82
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Fig. 39 Network total edge count development for GIP = 0.015.
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Fig. 40 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for

GIP =0.015.
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Fig. 41 Degree correlation development for GIP = 0.015.
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Table 15 Article and User Network Degree Distribution for GIP = 0.015

Nodel UseriNetwork@serountf Nodel ArticleiNetwork@rticleount?
Degree HavingfThategree Degree HavingfThat@egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 79.33 90.25 101.17 1 -0.29 0.33 0.96
2 96.95 108.40 119.85 2 0.24 1.25 2.26
3 81.10 91.20 101.30 3 2.24 5.08 7.93
4 51.41 59.10 66.79 4 5.28 10.25 15.22
5 12.69 15.75 18.81 5 7.96 13.75 19.54
6 30.20 33.60 37.00 6 20.14 31.33 42.53
7 27.44 33.95 40.46 7 24.72 41.42 58.12
8 27.65 32.15 36.65 8 35.67 48.33 61.00
9 26.36 32.50 38.64 9 41.11 54.92 68.73
10 26.46 31.95 37.44 10 44.26 55.25 66.24
11 27.03 32.50 37.97 11 51.90 61.08 70.27
12 26.07 33.40 40.73 12 46.88 59.67 72.46
13 22.06 27.55 33.04 13 40.61 61.50 82.39
14 18.00 23.95 29.90 14 50.71 64.17 77.63
15 17.57 21.75 25.93 15 38.86 52.17 65.47
16 12.90 17.55 22.20 16 39.66 45.08 50.51
17 8.68 13.20 17.72 17 36.25 44.08 51.92
18 6.41 9.75 13.09 18 29.49 37.17 44.85
19 4.25 8.95 13.65 19 21.06 28.75 36.44
20 2.40 5.60 8.80 20 15.99 20.75 25.51
21 1.30 4.25 7.20 21 11.42 15.25 19.08
22 0.61 2.85 5.09 22 8.81 12.50 16.19
23 0.16 2.00 3.84 23 6.27 10.58 14.89
24 4.46 7.58 10.70
25 1.85 5.75 9.65
26 1.76 3.42 5.07
27 0.87 3.08 5.30
28 0.66 3.25 5.84
150.00% 100.00m
100.00%
50.00@
50.00@
.|| ] s oo LLRNNNN | ‘ ‘ I ‘J i ians s
1R 3R 57 7 9F1 1A 3R 5E 7E 9R 12 33 1@ 3R 5R 7R 9E1 1A 3R 5A 7A9R 12 3R 5R 71

Megreeistribution@®f@ser(a)@ndmArticle(b)Ehetworks@vhendGIPE-ED.015.

Fig. 42 Degree distribution for GIP = 0.015.
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Good Article Multiplier (GAM) = 7.5, n=20 Replications Results

Table 16 Total Edge Count Development for GAM =7.5

AffilitationiNetwork® ArticleiNetwork® UseriNetworkR

AVGER AVGHEL AVGER AVGEL AVGER AVGREL
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
StepE 685.68 694.10 702.52 283.89 291.40 298.91 636.24 672.00 707.76
Step® 1019.79 1034.95 1050.11 1006.28 1030.05 1053.82 1186.96 1252.55 1318.14
Step® 1276.43 1296.70 1316.97 1903.21 1949.10 1994.99 1749.00 1838.95 1928.90
Step® 1493.12 1516.35 1539.58 2831.25 2911.25 2991.25 2264.57 2371.25 2477.93
Step® 1676.53 1700.10 1723.67 3736.10 3829.30 3922.50 2706.75 2816.05 2925.35
Step® 1829.20 1855.70 1882.20 4562.48 4676.00 4789.52 3064.67 3184.35 3304.03
Step® 1959.62 1989.25 2018.88 5303.89 5442.40 5580.91 3344.47 3475.60 3606.73
Step® 2072.93 2104.50 2136.07 5941.90 6112.10 6282.30 3561.33 3708.10 3854.87
Step® 2171.68 2204.40 2237.12 6557.94 6733.90 6909.86 3748.74 3899.50 4050.26
StepA 0 2250.38 2286.95 2323.52 7032.61 7237.50 7442.39 3897.96 4051.50 4205.04
StepA 1 2319.01 2359.70 2400.39 7461.19 7690.15 7919.11 4021.67 4184.20 4346.73
Stepd 2 2382.17 2423.95 2465.73 7838.90 8086.25 8333.60 4128.65 4292.30 4455.95
Step@ 3 2434.48 2478.80 2523.12 8158.31 8410.20 8662.09 4215.22 4383.90 4552.58
Step@l4 2480.01 2526.95 2573.89 8429.01 8713.45 8997.89 4285.20 4460.80 4636.40
Step@5 2519.97 2566.50 2613.03 8675.77 8968.05 9260.33 4353.49 452790 4702.31
StepA6 2557.48 2604.70 2651.92 8929.65 9217.95 9506.25 4414.27 4587.10 4759.93
StepA7 2590.46 2638.60 2686.74 9132.72 9436.60 9740.48 4464.71 4640.80 4816.89
StepA8 2618.48 2667.65 2716.82 9302.56 9622.90 9943.24 4510.19 4686.30 4862.41
Step@9 2641.82 2692.45 2743.08 9457.63 9780.60 10103.57 4548.84 4724.40 4899.96
Step®20 2663.83 2714.55 2765.27 9598.61 9919.00 10239.39 4583.12 4757.80 4932.48
Step®21 2682.44 2734.55 2786.66 9708.68 10040.20 10371.72 4615.02 4788.70 4962.38
Step®2 2700.84 2753.35 2805.86 9831.10 10165.80 10500.50 4639.78 4814.70 4989.62
Step®3 2716.45 2769.10 2821.75 9928.13 10270.90 10613.67 4660.46 4837.70 5014.94
Step@4 2730.82 2785.10 2839.38 10032.19 10381.20 10730.21 4682.83 4863.00 5043.17
Step®5 2742.71 2796.70 2850.69 10098.63 10452.55 10806.47 4701.61 4881.30 5060.99
Step®6 2753.66 2808.35 2863.04 10165.76 10531.95 10898.14 4715.10 4896.60 5078.10
Step@7 2760.76 2816.80 2872.84 10211.51 10587.15 10962.79 4728.88 4910.30 5091.72
Step@28 2769.02 2826.10 2883.18 10269.63 10647.85 11026.07 4740.53 4923.20 5105.87
Step®9 2777.68 2835.30 2892.92 10325.20 10708.70 11092.20 4750.42 4933.80 5117.18
Step@0 2784.22 2841.95 2899.68 10372.92 10757.45 11141.98 4759.33 4942.00 5124.67
Step@1 2789.93 2847.55 2905.17 10412.60 10800.45 11188.30 4767.41 4950.10 5132.79
Step@®2 2794.15 2852.55 2910.95 10434.88 10830.65 11226.42 4773.62 4957.40 5141.18
Step@®3 2800.02 2859.00 2917.98 10471.38 10872.90 11274.42 4782.44 4966.60 5150.76
Step@®4 2804.54 2863.70 2922.86 10496.14 10903.50 11310.86 4788.82 4972.40 5155.98
Step@®5 2808.39 2867.85 2927.31 10516.85 10929.85 11342.85 4793.91 4977.90 5161.89
Step®6 2812.00 2871.50 2931.00 10546.89 10958.95 11371.01 4800.77 4983.50 5166.23
Step@7 2815.46 2874.50 2933.54 10567.43 10979.10 11390.77 4806.35 4988.00 5169.65
Step@8 2818.47 2877.45 2936.43 10582.03 10998.60 11415.17 4810.20 4991.20 5172.20
Step®9 2821.39 2880.35 2939.31 10610.13 11022.35 11434.57 4814.55 4994.30 5174.05
Step@0 2824.08 2883.00 2941.92 10627.05 11041.35 11455.65 4819.54 4998.40 5177.26
Step@1 2826.03 2884.90 2943.77 10639.16 11054.70 11470.24 4823.05 5001.10 5179.15
Step@2 2827.01 2886.60 2946.19 10644.63 11064.20 11483.77 4825.33 5003.00 5180.67
Step®3 2828.43 2888.30 2948.17 10656.75 11075.65 11494.55 4827.09 5004.70 5182.31
Step@4 2830.15 2889.90 2949.65 10671.44 11088.85 11506.26 4828.43 5006.70 5184.97
Step@5 2831.38 2891.20 2951.02 10683.80 11100.75 11517.70 4830.03 5008.20 5186.37
Step@6 2832.57 2892.65 2952.73 10692.48 11109.80 11527.12 4830.86 5009.90 5188.94
Step@7 2833.41 2893.70 2953.99 10695.97 11117.05 11538.13 4831.87 5010.90 5189.93
Step@8 2834.54 2894.70 2954.86 10707.50 11127.15 11546.80 4833.26 5012.20 5191.14
Step@9 2835.13 2895.15 2955.17 10710.13 11130.55 11550.97 4833.68 5012.60 5191.52
Step@0 2835.77 2895.95 2956.13 10716.96 11136.95 11556.94 4835.03 5013.70 5192.37
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Fig. 43 Network total edge count development for GAM = 7.5.
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KeyiNetwork@etricsHorrticleBind@serNetworks

Average®athlength@n@serNetwork Average®athlengthn@rticleiNetwork

Step AVG-STDEV ~ AVG  AVG+STDEV Step AVG-STDEV  AVG  AVG+STDEV
10 6.15 10.66 15.16 10 6.39 12.21 18.03
25 5.31 9.36 13.41 30 5.49 10.51 15.53
40 50 10.71 15.53
a. b.

20.00@ 20.00@
15.00@ 15.00@
10.00@ 10.00@
5.00 5.00@
0.00@+ 0.00@-
106 2503 40R 103 30@ 508
a)@Pathlength@evelopment@or@iser(a)Endirticle(b)Ehetworks@vhenfEGAMER .5
AverageTlusteringoefficient@nseriNetwork AveragelTlustering@oefficient@n@rticle@Network

Step AVG-STDEV ~ AVG  AVG+STDEV Step AVG-STDEV ~ AVG  AVG+STDEV
10 0.27 0.64 1.00 10 0.19 0.59 0.99
25 0.32 0.65 0.98 30 0.22 0.61 1.01
40 0.38 0.69 1.00 50 0.22 0.61 1.00
a. b.
1.50m 1.50/

1.00@ 1.008
0.50@ 0.508
0.00e1+ 0.00@
10m 250 40R 10m 300 500

b)lustering@oefficient@evelopmentFor@iser(a)znd@rticle(b)thetworksBvhenflGAMEET .5

AverageBmall@VorldToefficient@n@seriNetwork AverageBmall@VorldToefficient@n@rticleNetwork

Step AVG Step AVG

10 0.82 10 0.67

25 0.96 30 0.80

40 1.03 50 0.78

a. b.
1.508 0.908
1-00'7_“— 0.802
0.50m 0.70m
000 T T 1 060 T T 1
10@ 250 40m 108 30a 50F

c)BmallWorld&oefficient@evelopmentHorAiser(a)@nda@rticle(b)Ehetworks@vhenflGAMER .5

Fig. 44 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for

GAM=7.5.
96




ArticletNetwork@egreeorrelation®alues

Step 10 Step 30 Step 50
Value of Value of Value of
Degree Degree Degree
Correlation Correlation Correlation
ah LE] 41
50 3%
g 20 g B
g S g 5 1
i) % ) io
3 £m
¥ " #1s &
X 3 Bas
= 210 &
o, ; :j-t., 14
5
]
Q a a -
0 I 4D B I 40 o 30 40
ye v:l'suzs.-aikp :lﬂu-::m' = s 7ax 3P 0B ¥ e OISELN ilm ;Du::ﬂrh
+ 01633 Degres F:I}' ;E:gu Degree 0. 166 Degres
R* = 0.90073 . | &¥ = 002977
a)Degreeistribution@evelopmentdor@rticlethetwork@vhenlGAMER .5
UseriNetwork@egreeorrelation@alues
Step 10 Step 25 Step 40
Value of Value of Value of
Degree Degree Degree
Correlation Correlation Correlation
25 25 5
*
E 2 £ 20 20
2 4 i 7T
i 15 '§ 15 i 15
: : :
- . :
E 1) ?m § L
H = £
= [
= = =]
E 5 g s 2
V] o ]
fa] i) A o 20 a0 Q 20 A
Map 1D Arficle Srep 25 Arthcke Stip 40 Article
yuQpEz7e  Node v AT s Mode yuOBETE+  Node
+0, AN e grs 1.0233 Deegrie ah il Degres
Re = 545238 R? & OS5 R® = (L52358

b)@Degreeistribution@evelopmentorAiserfhetwork@henfBAMER .5

Fig .45 Degree correlation development for GAM = 7.5.
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Table 17 Article and User Network Degree Distribution for GAM = 7.5

Nodel@ UseriNetwork@Jserountl Nodel ArticleNetworkBArticleR
Degree HavinglThat@egree Degree CountfavingfThat@egree
AVG- AVG= AVG- AVG=
STDEV AVG STDEV STDEV AVG STDEV
1 77.96 86.50 95.04 1 -0.22 0.42 1.06
2 95.02 106.55 118.08 2 0.42 2.25 4.08
3 78.52 92.85 107.18 3 2.32 5.67 9.02
4 52.59 59.10 65.61 4 5.93 11.25 16.57
5 31.45 38.45 45.45 5 15.02 21.75 28.48
6 25.04 30.15 35.26 6 19.79 27.33 34.88
7 23.17 28.65 34.13 7 24.34 40.00 55.66
8 24.82 30.45 36.08 8 31.35 49.58 67.82
9 30.62 36.45 42.28 9 39.92 53.42 66.91
10 31.90 39.25 46.60 10 46.74 53.75 60.76
11 34.92 40.85 46.78 11 52.27 63.42 74.56
12 30.32 35.85 41.38 12 47.07 59.83 72.60
13 24.32 31.40 38.48 13 46.54 62.17 77.79
14 20.43 25.40 30.37 14 48.92 63.08 77.25
15 14.29 18.80 2331 15 40.73 54.50 68.27
16 9.00 13.80 18.60 16 34.90 51.58 68.26
17 6.60 10.15 13.70 17 43.18 53.17 63.16
18 3.27 6.05 8.83 18 29.11 37.25 45.39
19 1.59 4.00 6.41 19 24.38 29.50 34.62
20 0.38 2.25 4.12 20 20.55 27.75 34.95
21 14.89 19.25 23.61
22 11.95 16.17 20.39
23 6.93 10.33 13.73
24 5.31 9.92 14.53
25 3.50 6.83 10.17
26 1.15 4.50 7.85
150.00m 100.00m
100.00@ 5
50.00@
50.008E <|
oo MUt .. ooy Ll il
1 3@ 5B 7B 9F 11F1 3R 5F1 7196 1R 3@ 57 7@ 9@11F 3FL5F 7FL 9 12 3R 57

Degreef@listribution®fJser(a)znd@rticle(b)Ehetworks@vhenfEEAMEER.5.

Fig. 46 Degree distribution for GAM = 7.5.
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Good Article Multiplier (GAM) =5, n=20 Replications Results

Table 18 Total Edge Count Development for GAM =5

Stepl

StepR2

Step®

Step

Step®

Step®

Step®

Step@

Step®

StepLO
Stepl1
Step2
Step3
Stepll4
Stepll5
Stepll6
SteplAl7
Stepll8
Stepll9
Step20
StepR21
Step@22
Step@23
StepR24
Step@5
Step26
StepR27
Step@28
StepR29
Step@30
Step@1
Step(B2
Step@33
Step34
Step5
Step@36
Step@7
Step@38
Step@39
Step@0
Step@1
Step@2
Step®3
Step@4
Step@5
StepE@6
Step@7
Step®8
Step@9
Step®0

Affi
AVGEE
STDEV

688.51
1024.52
1286.33
1503.71
1687.72
1837.71
1973.47
2084.85
2184.42
2269.67
2346.13
2409.93
2463.34
2511.47
2551.44
2591.31
2626.93
2655.25
2680.29
2703.54
2722.49
2739.33
2753.03
2767.17
2779.60
2792.23
2801.16
2811.29
2818.34
2825.13
2831.67
2836.83
2841.36
2845.75
2849.33
2852.34
2855.73
2857.69
2860.88
2862.98
2864.91
2867.31
2868.88
2869.67
2870.48
2872.35
2873.40
2874.88
2876.11
2876.58

litationMNetwork®
AVGEE
AVG STDEV

698.10 707.69
1041.80 1059.08
1310.35 1334.37
1531.65 1559.59
1720.35 1752.98
1878.10 1918.49
2014.35 2055.23
2130.70 2176.55
2232.35 2280.28
2322.00 2374.33
2400.65 2455.17
2467.60 2525.27
2524.55 2585.76
2572.30 2633.13
2614.35 2677.26
2655.70 2720.09
2691.60 2756.27
2719.50 2783.75
2743.95 2807.61
2766.95 2830.36
2785.70 2848.91
2803.15 2866.97
2818.30 2883.57
2831.95 2896.73
2845.10 2910.60
2857.05 2921.87
2866.75 2932.34
2877.45 2943.61
2884.85 2951.36
2891.85 2958.57
2898.50 2965.33
2904.65 2972.47
2909.20 2977.04
2914.05 2982.35
2918.65 2987.97
2922.00 2991.66
2925.20 2994.67
2927.55 2997.41
2930.60 3000.32
2932.85 3002.72
2934.90 3004.89
2937.05 3006.79
2938.55 3008.22
2939.95 3010.23
2941.20 3011.92
2942.45 3012.55
2943.45 3013.50
2944.55 3014.22
2945.85 3015.59
2946.70 3016.82

ArticleiNetwork?l
AVGHER AVGER
STDEV AVG STDEV
288.14 295.35 302.56
1012.50 1047.25 1082.00
1920.05 1985.60 2051.15
2862.95 2949.50 3036.05
3776.19 3898.85 4021.51
4604.57 4766.40 4928.23
5389.58 5552.25 5714.92
6077.23 6251.65 6426.07
6699.16 6879.45 7059.74
7246.62 7445.70 7644.78
7748.97 7956.25 8163.53
8192.37 8405.25 8618.13
8558.78 8782.35 9005.92
8877.11 9089.95 9302.79
9135.43 9368.10 9600.77
9406.46 9641.50 9876.54
9618.42 9867.70 10116.98
9787.54 10047.20 10306.86
9961.89 10222.90 10483.91

10107.80 10369.30 10630.80
10238.95 10496.50 10754.05
10350.93 10614.10 10877.27
10436.02 10713.10 10990.18
10531.47 10810.55 11089.63
10609.93 10893.55 11177.17
10689.89 10977.00 11264.11
10753.52 11039.40 11325.28
10818.69 11106.75 11394.81
10861.41 11151.80 11442.19
10912.33 11198.80 11485.27
10957.41 11243.35 11529.29
10986.04 11284.85 11583.66
11017.26 11315.20 11613.14
11043.43 11345.90 11648.37
11069.71 11378.60 11687.49
11096.34 11405.40 11714.46
11115.10 11425.15 11735.20
11124.86 11441.85 11758.84
11145.29 11462.20 11779.11
11166.91 11482.50 11798.09
11186.83 11498.90 11810.97
11201.80 11513.05 11824.30
11218.80 11525.75 11832.70
11217.90 11535.00 11852.10
11226.92 11543.60 11860.28
11235.92 11552.35 11868.78
11238.97 11560.30 11881.63
11251.47 11571.60 11891.73
11261.85 11581.55 11901.25
11264.27 11587.15 11910.03

UserfNetwork®

AVGHER AVGEE

STDEV AVG STDEV

646.92 678.80 710.68
1208.29 1266.45 1324.61
1788.46 1865.10 1941.74
2314.69 2400.30 2485.91
2766.95 2864.10 2961.25
3124.49 3243.60 3362.71
3446.77 3573.30 3699.83
3717.10 3850.30 3983.50
3933.02 4080.20 4227.38
4129.76 4289.30 4448.84
4299.68 4463.80 4627.92
4438.59 4607.80 4777.01
4538.86 4715.10 4891.34
4633.19 4804.70 4976.21
4699.96 4880.00 5060.04
4771.68 4949.10 5126.52
4834.14 5011.70 5189.26
4884.27 5060.50 5236.73
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Fig. 47 Network total edge count development for GAM = 5.
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KeyiNetwork@MetricsHorfrticleBind@seriNetworks

Average@athlengthi@n@seriNetwork
Step AVG-STDEV ~ AVG  AVG+STDEV
10 3.93 7.14 10.35
25 3.49 5.86 8.24
40 3.47 5.84 8.21
a.

15.00@

10.00@

5.00@

0.00@
10@ 2508 40

Average®athlengthAnArticleiNetwork

Step AVG-STDEV ~ AVG  AVG+STDEV

10 4.06 7.02 9.98

30 3.25 5.61 7.97

50 3.26 5.56 7.87
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10.00®
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AveragelTlusteringoefficientl@n@sertNetwork
Step AVG-STDEV ~ AVG  AVG+STDEV
10 -0.22 0.61 1.44
25 0.20 0.60 1.00
40 0.21 0.61 1.00
a.

2.00

1.50m

1.00m

0.508@
0.000+
-0.508

106 250 401

AveragelTlusteringoefficientA@n@rticle@Network

Step AVG-STDEV ~ AVG  AVG+STDEV
10 0.28 0.62 0.96
30 0.34 0.65 0.96
50 0.35 0.65 0.95
b.
1.508
1.00@
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0.00@+
10@ 301 508
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Step AVG Step AVG
10 1.17 10 1.22
25 1.41 30 1.59
40 1.43 50 1.60
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Fig. 48 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for
GAMS5.
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Table 19 Article and User Network Degree Distribution for GAM =5

Nodel UseriNetwork@serount Nodel ArticlefNetwork@Articlel
Degree HavingfThat@egree Degree Count@avingtThategree
AVG- AVG=0l AVG- AVG=0l
STDEV AVG STDEV STDEV AVG STDEV
1 73.05 84.20 95.35 1 7.87 10.50 13.13
2 100.62 109.50 118.38 2 10.58 18.00 25.42
3 83.82 94.00 104.18 3 18.30 31.75 45.20
4 54.46 60.60 66.74 4 26.80 36.58 46.37
5 26.96 33.80 40.64 5 31.07 45.17 59.26
6 19.48 25.45 31.42 6 48.37 58.00 67.63
7 23.91 30.45 36.99 7 44.94 56.00 67.06
8 29.04 33.75 38.46 8 49.02 61.58 74.14
9 30.20 33.95 37.70 9 55.80 66.25 76.70
10 29.17 35.25 41.33 10 51.46 67.67 83.87
11 31.36 37.25 43.14 11 39.06 54.17 69.28
12 30.78 35.05 39.32 12 39.60 60.50 81.40
13 26.07 32.05 38.03 13 35.36 47.92 60.48
14 20.05 25.85 31.65 14 33.34 42.33 51.33
15 14.93 20.10 25.27 15 27.87 36.33 44.79
16 12.48 16.60 20.72 16 25.52 31.00 36.48
17 9.07 12.10 15.13 17 18.84 24.92 30.99
18 5.77 8.75 11.73 18 16.01 21.33 26.66
19 2.52 6.00 9.48 19 10.25 14.83 19.41
20 2.59 4.10 5.61 20 8.53 12.50 16.47
21 0.13 2.40 4.67 21 5.56 10.58 15.61
22 4.76 7.08 9.41
23 3.52 6.58 9.65
24 2.42 4.92 7.42
25 1.06 2.75 4.44
26 0.63 2.92 5.21
27 0.31 1.83 3.35
28 0.03 0.83 1.63
150.000@ 100.00%
100.000
50.002- b
50.00% 1
0.00 L, MM“MMA% 0.00B- .
1R 3@ 5B 70 9@ 11R13EL5R1 7R 9FR 13 1R 3@ 5R 7R 9R1L 1A 3A5A7A9R 1R 3R5R 7R
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Fig .50 Degree distribution for GAM = 5.
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Good Article Multiplier (GAM) = 1.5, n=20 Replications Results

Table 20 Total Edge Count Development for GAM =5

AffilitationENetwork® Article@Network?l UseriNetwork®

AVGEBTDEV AVG AVGEHBTDEV AVGRBBTDEV AVG AVGEHBTDEV AVGEBTDEV AVG AVGEBTDEV
Stepl 682.84 695.45 708.06 286.66 293.40 300.14 639.74 665.65 691.56
Step® 1021.90 1036.25 1050.60 1016.91 1040.85 1064.79 1175.06 1237.20 1299.34
Step@® 1288.30 1305.15 1322.00 1926.76 1973.00 2019.24 1747.12 1827.25 1907.38
Step 1508.72 1527.30 1545.88 2891.01 2948.40 3005.79 2271.66 2369.25 2466.84
Step® 1694.37 171490 1735.43 3813.00 3897.90 3982.80 2729.11 2837.50 2945.89
Step® 1852.74 1875.40 1898.06 4682.65 4769.70 4856.75 3097.64 3221.25 3344.86
StepE 1985.86 2010.50 2035.14 5438.76 5556.00 5673.24 3394.00 3534.60 3675.20
Step® 2100.59 2125.20 2149.81 6109.49 6247.00 6384.51 3642.78 3794.35 3945.92
Step® 2203.86 2228.85 2253.84 6727.48 6879.05 7030.62 3881.70 4033.35 4185.00
StepA0 2290.65 2315.55 2340.45 7261.62 7421.10 7580.58 4078.90 4230.85 4382.80
StepA 1 2364.93 2392.90 2420.87 7737.52 7917.95 8098.38 4249.07 4400.85 4552.63
Step@2 2430.39 2461.10 2491.81 8155.65 8373.75 8591.85 4399.40 4549.65 4699.90
Step@3 2486.89 2519.05 2551.21 8548.52 8764.50 8980.48 4529.20 4686.35 4843.50
Stepfl4 2540.59 257355 2606.51 8910.50 9139.25 9368.00 4640.80 4803.25 4965.70
Step@5 2586.62 2621.00 2655.38 9229.35 9464.25 9699.15 4750.54 4908.75 5066.96
Stepl6 2628.08 2662.50 2696.92 9533.11 9775.00 10016.89 4841.72 5006.25 5170.78
Step@7 2665.89 2701.70 2737.51 9816.11 10063.90 10311.69 4929.51 5091.45 5253.39
Step8 2698.41 2735.10 2771.79 10076.40 10328.35 10580.30 5001.82 5170.25 5338.68
StepE9 2728.63 2766.50 2804.37 10333.49 10580.75 10828.01 5072.15 5242.05 5411.95
StepR0 2752.45 2791.60 2830.75 10526.87 10782.80 11038.73 5125.93 5301.35 5476.77
Step@21 2775.04 2815.70 2856.36 10696.48 10988.20 11279.92 5181.89 5359.75 5537.61
Step@2 2794.54 2837.15 2879.76 10880.31 11180.05 11479.79 5228.64 5411.55 5594.46
Step®3 2812.11 2855.55 2898.99 11043.05 11353.05 11663.05 5272.58 5460.95 5649.32
StepR4 2825.13 2870.55 2915.97 11170.83 11488.95 11807.07 5302.32 5493.25 5684.18
Step®5 2837.83 2885.50 2933.17 11293.09 11634.10 11975.11 5336.77 5530.45 5724.13
Step®6 2850.05 2897.50 2944.95 11384.38 11742.15 12099.92 5356.21 5552.85 5749.49
Step®7 2860.85 2908.60 2956.35 11476.66 11846.25 12215.84 5377.32 5579.25 5781.18
Step28 2871.03 2918.65 2966.27 11582.85 11944.85 12306.85 5403.00 5603.05 5803.10
Step®9 2878.20 2926.50 2974.80 11634.80 12014.80 12394.80 5417.17 5616.65 5816.13
Step@0 2885.53 2934.05 2982.57 11716.24 12093.05 12469.86 5435.96 5632.55 5829.14
Step@1 2893.14 2940.95 2988.76 11786.51 12157.50 12528.49 5450.54 5645.85 5841.16
Step@®2 2900.05 294790 2995.75 11835.80 12221.80 12607.80 5464.74 5658.65 5852.56
Step@®3 2906.04 2953.40 3000.76 11884.52 12281.10 12677.68 5478.26 5671.05 5863.84
Step@4 2911.38 2958.55 3005.72 11931.47 12332.40 12733.33 5493.03 5681.35 5869.67
Step@®5 2914.89 2962.45 3010.01 11972.00 12371.60 12771.20 5505.64 5690.05 5874.46
Step@6 2918.78 2966.25 3013.72 12002.86 12410.50 12818.14 5512.77 5696.65 5880.53
Step@7 2922.41 2969.65 3016.89 12038.86 12444.60 12850.34 5521.03 5703.25 5885.47
Step®8 2925.71 2972.80 3019.89 12066.57 12477.90 12889.23 5528.46 5710.35 5892.24
Step@®9 2928.40 2975.60 3022.80 12085.78 12510.70 12935.62 5535.68 5716.55 5897.42
Step@0 2930.82 2978.05 3025.28 12105.99 12531.80 12957.61 5539.30 5720.15 5901.00
Step@1 2933.17 2980.35 3027.53 12129.86 12553.90 12977.94 5542.45 5724.55 5906.65
Step@2 2934.60 2982.40 3030.20 12149.06 12575.90 13002.74 5546.14 5728.55 5910.96
Step®3 2937.03 2984.65 3032.27 12171.49 12601.05 13030.61 5552.51 5734.45 5916.39
Step@4 2938.98 2986.40 3033.82 12184.05 12617.45 13050.85 5556.53 5737.85 5919.17
Step@5 2941.52 2989.05 3036.58 12202.99 12641.25 13079.51 5560.95 5742.45 5923.95
Step@6 2942.74 2990.70 3038.66 12216.93 12661.90 13106.87 5563.87 5746.15 5928.43
Step®7 2944.32 2992.30 3040.28 12237.75 12678.50 13119.25 5565.44 5748.15 5930.86
Step8 2945.92 2993.70 3041.48 12260.78 12693.60 13126.42 5570.90 5752.15 5933.40
Step9 2946.92 2994.65 3042.38 12275.58 12704.80 13134.02 5572.50 5754.55 5936.60
Step@0 2947.44 2995.50 3043.56 12284.61 12716.55 13148.49 5573.39 5756.45 5939.51

40008 2000083 10000
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Fig. 51 Network total edge count development for GAM = 1.5.
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Fig. 52 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for
GAM=1.5.

104



Article@iNetwork@egreeLorrelation®/alues

Step 10

Value of

Degree
Correlation

ke

e
[

1

=

Step 10 Aeerage Meighbour Dejgres
Ir]

(']

o
om0 94310

20
#0LINLE Step 10 Articke

40

R & DEIGEL HMode

Degree

Step 30
Value of
Degree
Correlation

BD
T
i 60
% 5
{ a0
¥
_; b =]
=
£
e
10
Q
er'h..l-lF B om
+ 3351 Sbep 10 ArBcle
(L Moide
1.3338] [eegree

Step 40

Value of

Degree
Correlation

BO

E £ & &

g B

Seap DD Average Keighbsur Digres

=

=]
¥ = G

50
+0ATIE Spep 10 Arbche

180

A=
030326

Mide
Dgiee

a)Degreeistribution@evelopmentHor@rticlefhetwork@BvhenlGAMEEL.5

UseriNetwork@egreeorrelation®/alues

Step 10
Value of

Degree
Correlation
L]

a5 7

B
E L]
iy
L
i 5
L")
¥
E 20
=
R
_E 10
]
o
=] L]
¥ 060 Step 10 Articke
& 0. &S i
"L D s
O5511%

Step 25
Value of

Degree
Correlation

130

Sp IS Amerape kaighbour Digres
& & 8 8

¥
=

]
0 1y b

v = DLEETRep 1§ Article
v 17636 Mode
R¥=  [hegres
0.441E7

Step 40
Value of
Degree
Correlation

1F ]
1DG
:
i
X
&
fFw
F
% m ‘
1]
] ih 20D
w = OB FroaSheE &0 Artiche
& 8, Tedid Mode
[ L] Dagres
042658

b)DegreeRlistribution@evelopmentHoriserfhetwork@vhenfEAMER.5

Fig. 53 Degree correlation development for GAM = 1.5.
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Table 21 Article and User Network Degree Distribution for GAM = 1.5

Nodel UseriNetwork@serount? Nodel ArticleiNetwork@rticle@ountl
Degree HavinglThat@egree Degree HavinglThat@egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 73.17 87.85 102.53 1 -0.14 0.33 0.80
2 98.31 106.70 115.09 2 0.23 1.33 2.44
3 84.51 93.55 102.59 3 1.42 6.08 10.75
4 53.93 63.10 72.27 4 3.96 11.00 18.04
5 14.26 18.35 22.44 5 11.88 16.75 21.62
6 31.51 36.15 40.79 6 19.67 29.17 38.66
7 28.74 33.35 37.96 7 22.39 33.67 44 .94
8 26.58 31.45 36.32 8 30.96 44.33 57.70
9 26.97 31.95 36.93 9 44.94 55.08 65.23
10 27.79 33.65 39.51 10 46.27 60.00 73.73
11 24.96 30.45 35.94 11 48.97 62.08 75.19
12 23.86 28.90 33.94 12 48.82 59.25 69.68
13 24.59 28.75 32.91 13 50.89 61.92 72.94
14 20.87 25.60 30.33 14 44.22 54.50 64.78
15 16.41 22.20 27.99 15 44.21 53.83 63.46
16 14.87 19.70 24.53 16 38.40 47.92 57.43
17 12.32 16.05 19.78 17 39.73 46.08 52.44
18 8.78 13.10 17.42 18 27.68 35.58 43.48
19 4.54 7.55 10.56 19 22.02 29.00 35.98
20 3.63 6.10 8.57 20 16.78 21.75 26.72
21 2.51 4.95 7.39 21 8.84 16.67 24.49
22 0.33 2.05 3.77 22 8.40 13.67 18.93
23 6.84 11.42 15.99
24 3.12 8.67 14.21
25 0.85 4.75 8.65
26 0.77 3.58 6.40
27 0.90 2.08 3.27
28 0.61 2.50 4.39
150.000 80.007
100.00m 60.008 I I
40.0083 }
>0.008 ] | | 20.008 H
0.00m4, -'l-l Immmmwﬂﬂ‘v‘r 0.008+ -l-'l-l | T .
1R 3 5@ 76 OR11A 3F 5 7EL 92 12 36 1R 3@ 56 7R 9RI11A 3F5F 7 9R2 12 3 52 77

Degreelistribution®fUser(a)@nd@rticle(b)fhetworks@vhen@lAMEEL.5.

Fig. 54 Degree distribution for GAM = 1.5
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Active User Percentage (AUP) = 0.2, n=20 Replications Results

Table 22 Total Edge Count Development for AUP = 0.2

Affilitation@Network® Article@Networkn UseriNetwork?
AVGER AVGEE AVGER AVGEE AVGER AVGEE
STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
Stepl 614.94 623.75 632.56 155.45 160.35 165.25 304.91 319.15 333.39
Step® 824.97 837.85 850.73 540.27 565.40 590.53 536.94 563.65 590.36
Step® 969.58 986.05 1002.52 1021.37 1064.50 1107.63 751.35 792.85 834.35
Step 1088.61 1107.85 1127.09 1551.19 1620.90 1690.61 953.90 1007.05 1060.20
Step® 1186.83 1207.40 1227.97 2081.73 2166.50 2251.27 1128.33 1189.35 1250.37
Step® 1264.56 1289.55 1314.54 2567.61 2677.25 2786.89 1272.49 1338.90 1405.31
Step¥ 1331.92 1358.80 1385.68 2995.62 3145.05 3294.48 1398.05 1467.40 1536.75
Step@ 1390.19 1418.55 1446.91 3427.23 3574.65 3722.07 1503.02 1574.30 1645.58
Step® 1441.27 1470.25 1499.23 3830.61 3978.15 4125.69 1595.45 1667.85 1740.25
StepL0 1482.22 1513.95 1545.68 4156.35 4329.30 4502.25 1670.47 1746.55 1822.63
Step@ 1 1517.46 1549.60 1581.74 4441.41 4623.50 4805.59 1732.88 1807.95 1883.02
Step 2 1548.64 1581.45 1614.26 4708.37 4898.80 5089.23 1783.08 1861.75 1940.42
Step@3 1577.77 1610.55 1643.33 4951.00 5149.30 5347.60 1838.95 1913.50 1988.05
Stepl4 1603.21 1636.35 1669.49 5165.92 5375.90 5585.88 1882.99 1958.30 2033.61
Step5 1624.94 1659.10 1693.26 5362.25 5582.50 5802.75 1921.31 2000.55 2079.79
Stepll6 1641.84 1678.45 1715.06 5523.61 5760.45 5997.29 1949.21 2034.40 2119.59
StepL7 1658.11 1695.45 1732.79 5684.87 5923.50 6162.13 1977.66 2064.15 2150.64
Step8 1672.94 1710.70 1748.46 5821.70 6060.25 6298.80 2000.72 2088.75 2176.78
Step9 1686.39 1724.75 1763.11 5944.90 6189.70 6434.50 2025.51 2114.00 2202.49
Step®20 1696.91 1737.05 1777.19 6047.12 6303.50 6559.88 2040.64 2133.60 2226.56
Step®21 1707.46 1748.00 1788.54 6137.68 6401.35 6665.02 2064.62 2155.70 2246.78
Step®@2 1716.00 1756.90 1797.80 6222.10 6484.95 6747.80 2078.93 2170.80 2262.67
Step®3 1724.10 1765.60 1807.10 6291.33 6568.50 6845.67 2095.49 2186.55 2277.61
Step@4 1732.10 1773.30 1814.50 6371.48 6646.20 6920.92 2108.67 2199.75 2290.83
Step®5 1737.90 1780.70 1823.50 6417.37 6713.05 7008.73 2118.45 2211.05 2303.65
Step®26 1744.12 1786.70 1829.28 6482.27 6774.90 7067.53 2130.26 2221.90 2313.54
Step®27 1749.64 1791.95 1834.26 6539.15 6832.75 7126.35 2139.50 2229.80 2320.10
Step®28 1754.48 1796.85 1839.22 6582.99 6878.80 7174.61 2147.37 2237.70 2328.03
Step®9 1757.94 1800.60 1843.26 6617.88 6914.95 7212.02 2153.73 2245.00 2336.27
Step®0 1762.34 1805.20 1848.06 6660.35 6960.00 7259.65 2162.96 2254.20 2345.44
Step@1 1765.84 1808.95 1852.06 6697.56 6997.35 7297.14 2167.87 2259.50 2351.13
Step®2 1769.24 1812.45 1855.66 6729.62 7030.65 7331.68 2172.23 2265.20 2358.17
Step@®3 1771.88 1815.35 1858.82 6754.89 7059.80 7364.71 2177.09 2271.90 2366.71
StepB4 1774.40 1817.75 1861.10 6785.73 7084.45 7383.17 2181.90 2275.80 2369.70
Step@5 1776.94 1819.60 1862.26 6810.72 7104.65 7398.58 2186.03 2278.40 2370.77
Step®6 1778.25 1821.30 1864.35 6832.53 7125.50 7418.47 2187.36 2280.40 2373.44
Step®B7 1779.76 1823.25 1866.74 6844.70 7144.35 7444.00 2189.03 2283.90 2378.77
Step®8 1780.90 1824.50 1868.10 6852.45 7157.10 7461.75 2190.31 2285.40 2380.49
Step@®9 1782.36 1826.00 1869.64 6864.71 7171.70 7478.69 2192.81 2288.00 2383.19
Step@0 1783.56 1827.20 1870.84 6876.39 7185.35 7494.31 2193.99 2289.60 2385.21
Step@1 1784.62 1828.40 1872.18 6888.14 7197.95 7507.76 2195.34 2291.30 2387.26
Step2 1785.25 1829.10 1872.95 6893.29 7204.40 7515.51 2196.53 2292.40 2388.27
Step®3 1785.52 1829.85 1874.18 6894.26 7212.25 7530.24 2196.80 2293.10 2389.40
Step@4 1786.56 1830.65 1874.74 6905.58 7220.45 7535.32 2198.07 2294.40 2390.73
Step@5 1787.31 1831.50 1875.69 6913.13 7231.65 7550.17 2199.77 2295.70 2391.63
Step6 1788.10 1832.10 1876.10 6922.20 7238.35 7554.50 2201.26 2296.80 2392.34
Step7 1788.54 1832.90 1877.26 6926.46 7245.35 7564.24 2202.01 2297.90 2393.79
Step8 1788.91 1833.30 1877.69 6932.51 7251.55 7570.59 2202.63 2298.50 2394.37
Step@9 1789.65 1834.00 1878.35 6937.68 7257.05 7576.42 2203.74 2299.60 2395.46
Step®0 1789.97 1834.75 1879.53 6941.81 7265.15 7588.49 2204.24 2300.60 2396.96
20006 10000 40000
10000 50008 20000
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Fig. 55 Network total edge count development for AUP + 0.2.
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KeyiNetworkMMetricsHorBArticleBaind@serNetworks

AverageathlengthAn@seriNetwork Average®athlengthinfArticleNetwork
Step AVG-STDEV.  AVG  AVG+STDEV Step AVGSTDEV ~ AVG  AVG+STDEV
10 2.52 7.70 12.88 10 4.90 10.82 16.74
25 5.18 9.44 13.70 30 3.19 9.71 16.22
40 3.94 8.75 13.55 50 2.83 8.41 14.00
a. b.
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Step AVG-STDEV. ~ AVG  AVG+STDEV Step AVG-STDEV ~ AVG  AVG+STDEV
10 -0.02 0.44 0.90 10 0.05 0.50 0.95
25 0.04 0.50 0.96 30 0.15 0.57 1.00
40 0.04 0.50 0.96 50 0.15 0.58 1.00
a. b.
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Fig. 56 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. for
AUP=0.2.
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Table 23 Article and User Network Degree Distribution for AUP = 0.2

Nodel UseriNetwork@ser@ount? Nodell ArticleNetwork®@rticleount?
Degree HavingfThatDegree Degree HavingfThat®egree
AVG- AVG=[ AVG- AVG=[
STDEV AVG STDEV STDEV AVG STDEV
1 185.34 203.50 221.66 1 -0.22 0.42 1.06
2 115.33 130.05 144.77 2 0.77 2.25 3.73
3 50.51 56.75 62.99 3 3.26 7.00 10.74
4 20.04 24.40 28.76 4 10.27 16.67 23.06
5 9.85 13.95 18.05 5 18.26 30.08 41.90
6 17.25 21.25 25.25 6 35.61 45.92 56.22
7 18.91 23.70 28.49 7 39.99 59.17 78.34
8 19.00 24.15 29.30 8 45.44  60.08 74.73
9 15.15 20.75 26.35 9 53.93 74.92 95.90
10 16.09 19.80 23.51 10 54.99 66.17 77.35
11 13.20 17.10 21.00 11 43.67 53.33 63.00
12 7.88 11.70 15.52 12 38.27 50.00 61.73
13 3.14 6.45 9.76 13 31.47 42.92 54.37
14 2.40 4.30 6.20 14 27.25 37.25 47.25
15 1.89 3.35 4.81 15 11.32 29.17 47.01
16 0.27 2.00 3.73 16 18.71 24.42 30.12
17 -0.33 0.95 2.23 17 12.92 20.00 27.08
18 -0.41 0.65 1.71 18 9.27 16.00 22.73
19 -0.22 0.35 0.92 19 5.88 11.25 16.62
20 3.59 9.67 15.74
21 2.54 5.92 9.29
22 1.93 4.92 7.90
23 0.13 2.00 3.87
24 0.15 2.08 4.02
25 0.09 1.00 1.91
26 0.03 1.42 2.80
300.006 150.00@
200.00@ 100.008
100.008 50.00& f I
0.00m+4 I||IIIIIIII.|1JJ.'I.I1J_|TI_I,'_|_I'.1'__|,'_.'__'__|___|__|___| 0.00- ﬁ#uuml . || || .| .||.'|.I|.'|.'|.'I.'I.". T
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Fig. 58 Degree distribution for AUP = 0.2.
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Active User Percentage (AUP) = 0.6, n=20 Replications Results

Table 24 Total Edge Count Development for AUP = 0.6

Affilitation@Network@ ArticleiNetwork® UseriNetworkn

AVGER AVGER AVGER AVGER AVGER AVGER

STDEV AVG STDEV STDEV AVG STDEV STDEV AVG STDEV
Step 749.32 761.47 773.63 390.32 398.00 405.68 1003.73 1047.47 1091.22
Step®2 1218.19 1234.89 1251.60 1410.19 1435.21 1460.23 1949.71 2050.47 2151.24
Step@® 1600.13 1622.26 1644.40 2653.57 2722.32 2791.06 2995.05 3137.58 3280.11
Step@ 1923.50 1948.05 1972.61 3940.83 4045.26 4149.70 3967.41 4128.58 4289.74
Step® 2189.24 2219.74 2250.23 5119.88 5266.11 5412.33 4760.50 4935.32 5110.13
Step® 2420.89 2455.37 2489.85 6208.98 6383.74 6558.49 5439.32 5617.53 5795.73
Step®@ 2616.62 2655.42 2694.22 7167.22 7351.79 7536.36 5970.19 6182.05 6393.92
Step® 2790.45 2828.37 2866.29 8041.49 8235.84 8430.19 6413.30 6631.32 6849.33
Step® 2937.17 2978.84 3020.51 8780.72 9014.11 9247.49 6793.79 7017.74 7241.68
StepEl0 3062.14 3108.53 3154.91 9404.82 9676.79 9948.76 7106.36 7344.05 7581.75
Step 1 3177.16 3223.26 3269.37 10011.72 10294.11 10576.49 7383.08 7621.42 7859.77
Step@2 3280.00 3325.32 3370.64 10573.44 10853.58 11133.72 7633.86 7877.63 8121.41
Step3 3369.17 3414.42 3459.67 11092.09 11359.79 11627.49 7861.61 8100.68 8339.76
Step@ 4 3447.84 3492.74 3537.63 11549.50 11828.05 12106.60 8063.76 8298.68 8533.61
Stepf5 3510.25 3558.37 3606.49 11947.70 12243.42 12539.15 8223.54 8470.58 8717.62
Stepfl6 3571.61 3622.42 3673.23 12336.13 12648.42 12960.71 8389.02 8634.37 8879.72
StepAl7 3624.59 3676.42 3728.25 12693.73 13021.16 13348.58 8532.75 8776.37 9019.99
Step@8 3671.47 3724.58 3777.69 13031.29 13374.63 13717.98 8664.26 8906.89 9149.53
Step9 3714.82 3769.16 3823.50 13354.27 13712.32 14070.36 8779.56 9020.68 9261.81
Step@0 3751.04 3808.21 3865.38 13669.39 14041.16 14412.92 8879.00 912342 9367.85
Step@1 3785.52 3844.32 3903.11 13970.56 14357.16 14743.76 8978.16 9225.84 9473.53
Step@2 3816.72 3877.79 3938.86 14263.56 14670.00 15076.44 9067.82 9327.95 9588.07
Step@3 3843.60 3906.00 3968.40 14541.71 14962.26 15382.82 9155.94 9424.26 9692.59
Step@4 3869.96 3932.42 3994.88 14832.86 15256.58 15680.30 9231.82 9505.84 9779.87
Step@5 3889.36 3954.53 4019.70 15103.57 15529.16 15954.74 9304.73 9579.32 9853.90
Step@26 3911.83 3977.21 4042.59 15405.16 15835.79 16266.42 9378.71 9657.84 9936.97
Step@7 3932.46 3999.05 4065.65 15709.42 16141.79 16574.16 9457.78 9734.05 10010.32
Step@8 3950.86 4018.05 4085.25 15999.59 16445.68 16891.78 9526.38 9800.68 10074.99
Step@9 3966.74 4035.26 4103.78 16283.32 16752.21 17221.10 9583.71 9859.84 10135.98
Step@0 3980.93 4050.63 4120.33 16580.92 17054.84 17528.76 9643.22 9920.79 10198.36
Step@®1 3994.47 4065.05 4135.64 16857.48 17345.63 17833.79 9694.19 9972.79 10251.39
Step®2 4007.01 4078.32 4149.62 17130.21 17633.26 18136.32 9742.18 10022.37 10302.56
Step@®3 4017.18 4090.05 4162.93 17394.07 17914.84 18435.61 9788.64 10072.05 10355.46
Step@®4 4029.38 4102.53 4175.67 17721.40 18233.42 18745.45 9846.89 10128.37 10409.85
Step@5 4041.02 4113.42 4185.82 18010.49 18524.47 19038.46 9893.25 10177.21 10461.18
Step@®@6 4051.83 4124.42 4197.01 18309.86 18832.53 19355.19 9942.66 10226.68 10510.71
Step®7 4063.16 4135.16 4207.16 18599.72 19144.58 19689.44 9982.43 10269.63 10556.83
Step@®@8 4072.29 414495 4217.61 18897.74 19465.05 20032.36 10032.71 10319.53 10606.34
Step®9 4081.33 4154.42 4227.51 19182.46 19774.89 20367.33 10080.30 10363.95 10647.59
Step@0 4088.29 4162.47 4236.66 19409.88 20057.58 20705.28 10111.20 10403.42 10695.64
Step@1 4096.01 4170.00 4243.99 19613.91 20306.74 20999.56 10139.32 10435.32 10731.31
Step®2 4101.81 4177.00 4252.19 19817.48 20557.68 21297.88 10163.45 10464.68 10765.92
Step®3 4106.06 4183.37 4260.68 19907.96 20763.32 21618.67 10181.98 10491.84 10801.70
Step@4 4108.77 4187.89 4267.02 19952.52 20913.21 21873.90 10195.00 10512.05 10829.11
Step@5 4110.56 4191.79 4273.02 19980.48 21040.74 22100.99 10200.85 10528.05 10855.26
Step@6 4112.54 4194.16 4275.78 19995.08 21097.37 22199.66 10202.39 10536.68 10870.98
Step®7 4114.30 4196.47 4278.65 20015.96 21151.37 22286.78 10203.03 10541.53 10880.03
Step@8 4115.82 4198.37 4280.92 20021.00 21182.21 22343.42 10207.29 10545.53 10883.76
Step@9 4117.63 4200.26 4282.89 20058.80 21221.26 22383.72 10210.33 10550.05 10889.77
Step®0 4118.90 4201.53 4284.16 20076.20 21239.26 22402.33 10212.79 10552.89 10893.00

50000 400000 200000

20000¢ 100006

om

1E9E1 7R5E33@ 1890

oml

1R 8RN 522R9B6@3B0R

oml

1EI9EN 7A5B3@ 1@90E

Fig. 59 Network total edge count development for AUP + 0.6.
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KeyiNetworkMetricsHor@rticleE@nd@seriNetworks

Average®athlength@n@seriNetwork Average®athlength@nFArticleiNetwork
Step AVG-STDEV ~ AVG  AVG+STDEV Step AVG-STDEV ~ AVG  AVG+STDEV
10 3.56 5.29 7.01 10 3.47 5.22 6.97
25 2.52 3.77 5.03 30 2.50 3.48 4.45
40 2.19 3.32 4.46 50 2.19 3.23 4.27
a. b.
8.00 8.001
6.00E 6.000
4.00m 4.0081——
2.008 2.00E
0.00@ 0.00@ -
10m 250 408 10m@ 303 500

a)@Pathlength@evelopment@or@iser(a)@ndirticle(b)Ehetworks@vhenBAUPED.6

AveragelTlusteringfoefficientdn@seriNetwork AverageTlusteringoefficientdn@rticleiNetwork
Step AVG-STDEV ~ AVG  AVG+STDEV Step AVG-STDEV ~ AVG  AVG+STDEV
10 0.2134 0.5741 0.9349 10 0.31 0.62 0.94
25 0.2359 0.5901 0.9444 30 0.36 0.63 0.91
40 0.24 0.5941 0.9481 50 0.36 0.64 0.91
a. b.
10 1.00@
0.8@ 0.80@
0.6 0.608
0.4@ 0.408
0.20 0.208
ORI+ 0.00R+
10w 250 408 10w 30 508

b)lustering@oefficient@evelopmentForAiser(a)Znd@&rticle(b)Ehetworks@vhenEAUPED.6

Average@mallWVorldoefficient@n@seriNetwork Average@mallWorldoefficientd@nBArticleNetwork
Step AVG Step AVG
10 1.49 10 1.64
25 2.15 30 2.50
40 2.46 50 2.71
a. b.
3.00@ 3.00@
2.000 / 2.000 /
1.00@ 1.00m
0.00@ T T 1 0.00@ T T )
106 250 40m 101 308 50H

c)Bmall@Vorld&oefficient@evelopment@orRiser(a)Rndirticle(b)metworks@vhenBAUPEMD.6

Fig. 60 Path length (a), Clust. Coeff. (b), Small-World Char. Q (c) dev. AUP=0.6.
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Fig. 61 Degree correlation development for AUP = 0.6.
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Table 25 Article and User Network Degree Distribution for AUP = 0.6

Nodel UseriNetwork@serountf Nodel ArticleiNetwork®@rticleZount?
Degree HavingThat@egree Degree HavingThat@egree
AVG- AVG={ AVG- AVG=(
STDEV AVG STDEV STDEV AVG STDEV
1 16.99 25.10 33.21 1 -0.21 0.17 0.54
2 34.98 46.35 57.72 2 -0.08 0.67 1.41
3 40.09 55.20 70.31 3 1.02 2.83 4.65
4 37.57 51.45 65.33 4 1.77 4.75 7.73
5 15.62 21.55 27.48 5 5.27 9.58 13.89
6 26.15 35.40 44.65 6 10.12 18.08 26.05
7 26.72 36.70 46.68 7 16.02 22.42 28.81
8 22.31 30.45 38.59 8 21.93 27.17 32.41
9 19.50 28.05 36.60 9 25.82 34.17 42.51
10 21.09 29.15 37.21 10 29.19 41.92 54.64
11 18.83 27.85 36.87 11 31.47 43.75 56.03
12 22.54 30.95 39.36 12 29.56 41.92 54.27
13 23.99 32.65 41.31 13 36.91 50.50 64.09
14 24.19 33.80 43.41 14 36.89 53.25 69.61
15 23.51 33.55 43.59 15 38.97 51.25 63.53
16 25.51 37.00 48.49 16 37.71 51.75 65.79
17 24.92 34.80 44.68 17 35.84 44.42 52.99
18 23.34 33.05 42.76 18 31.31 40.58 49.85
19 19.67 28.10 36.53 19 28.19 36.75 45.31
20 18.86 25.90 32.94 20 25.01 31.42 37.83
21 15.05 22.85 30.65 21 16.93 25.92 34.90
22 12.89 19.75 26.61 22 16.18 21.50 26.82
23 8.83 14.05 19.27 23 15.21 19.67 24.13
24 6.39 10.10 13.81 24 6.61 11.83 17.06
25 3.86 7.85 11.84 25 5.88 10.00 14.12
26 2.48 5.55 8.62 26 1.14 8.00 14.86
27 0.74 3.15 5.56 27 0.50 5.17 9.84
28 0.08 2.10 4.12 28 -2.44 4.00 10.44
a b.
80.00@ 80.00m
60.00 60.00@
40.00E | HH 40.002 FLEE
20.008F " 20.00E {
000z IULLLHURRMERNN 0,005l VLALLM NN ANANAEA Ly
1RI3RESE7E9RL 1A3A5A7A9R1@3R5R2 7R 1R 30 5B 76 9RI11EL3EL 5 7R 92 12 3R 5R2 76!

Degree@listribution®fJser(a)EndBrticle(b)Ehetworks@vhenEAUPEMD.6.

Fig. 62 Degree distribution for AUP =0.6.
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Neighbourhood Dimension (ND) = 6, n=20 Replications Results

Table 26 Total Edge Count Development for ND = 6

AffilitationtNetwork® ArticleiNetwork® UsertNetwork?l
AVGRBTDEV AVG AVGEBTDEV AVGEBTDEV AVG AVGBBTDEV AVGEBTDEV AVG AVGEBTDEV
Step 683.46 695.70 707.94 286.41 294.20 301.99 639.81 669.00 698.19

Step2  1043.95 1061.90 1079.85 1065.04 1088.70 1112.36 1235.81 1292.45 1349.09
Step@  1345.37 1367.80 1390.23 2149.30 2201.20 2253.10 1944.14 2028.80 2113.46
Step@ 1602.82 1632.70 1662.58 3348.20 3450.15 3552.10 2648.06 2759.80 2871.54
Step®  1831.22 1869.85 1908.48 4590.85 4763.40 4935.95 3309.51 3445.00 3580.49
Step®® 2043.76 2083.50 2123.24 5906.93 6084.45 6261.97 3917.58 4042.10 4166.62
Step  2234.14 2272.60 2311.06 7135.42 7310.05 7484.68 4416.10 4553.90 4691.70
Step@B 2401.36 244155 2481.74 8254.94 8458.85 8662.76 4853.86 5000.90 5147.94
Step®  2547.59 2592.25 2636.91 9267.80 9509.70 9751.60 5219.59 5378.20 5536.81
StepEl0 2680.35 272890 2777.45 10215.12 10488.95 10762.78 554495 5706.70 5868.45
Stepfll 2803.71 2853.45 2903.19 11093.24 11385.25 11677.26 5832.84 6001.80 6170.76
Step@2 2913.72 2966.40 3019.08 11906.43 12215.30 12524.17 6081.24 6268.30 6455.36
StepEl3 3019.16 3072.50 3125.84 12649.62 12969.40 13289.18 6306.83 6506.20 6705.57
Stepfl4 3114.18 3168.80 3223.42 13345.11 13674.50 14003.89 6517.22 6719.00 6920.78
Step@5 3198.18 3257.10 3316.02 13974.31 14346.40 14718.49 6699.90 6912.90 7125.90
Stepfl6 3273.06 3335.50 3397.94 14568.40 14944.25 15320.10 6869.17 7087.70 7306.23
StepEl7 3345.18 3406.90 3468.62 15096.91 15496.95 15896.99 7023.71 7240.90 7458.09
Step@8 3406.85 3474.10 3541.35 15588.39 16016.80 16445.21 7166.18 7385.20 7604.22
StepEl9 3467.35 3535.00 3602.65 16075.12 16511.80 16948.48 7296.67 7520.40 7744.13
Stepf0 3522.00 3592.45 3662.90 16533.55 16984.50 17435.45 7424.55 7652.80 7881.05
Step1 3574.33 3644.70 3715.07 16966.91 17402.60 17838.29 7529.82 7758.80 7987.78
Step@22 3618.61 3691.40 3764.19 17374.05 17817.50 18260.95 7618.19 7864.10 8110.01
Step®3 3662.82 3735.80 3808.78 17766.19 18213.70 18661.21 7721.30 7966.10 8210.90
StepE4 3699.81 3774.15 3848.49 18104.92 18573.15 19041.38 7816.06 8059.30 8302.54
Step@5 3734.51 3810.70 3886.89 18438.95 18927.80 19416.65 7902.54 8144.80 8387.06
Step®6 3768.57 3847.35 3926.13 18775.41 19276.55 19777.69 7976.83 8222.70 8468.57
Step7 3800.40 3879.15 3957.90 19079.84 19579.15 20078.46 8045.56 8293.30 8541.04
StepE®8 3827.87 3907.70 3987.53 19384.23 19882.85 20381.47 8115.09 8361.60 8608.11
Step@9 3851.34 3932.80 4014.26 19648.69 20171.25 20693.81 8179.20 8423.70 8668.20
StepB0 3876.40 3958.20 4040.00 19932.57 20470.85 21009.13 8235.54 8484.50 8733.46
Step@B1 3899.75 3981.30 4062.85 20240.09 20782.20 21324.31 8292.00 8542.60 8793.20
Step@2 3919.97 4001.65 4083.33 20518.12 21067.80 21617.48 8344.02 8597.90 8851.78
Step@33 3937.53 4019.35 4101.17 20759.12 21322.75 21886.38 8389.21 8643.30 8897.39
Step@4 3955.67 4037.40 4119.13 21011.99 21589.80 22167.61 8432.73 8687.90 8943.07
Step@B5 3974.24 4055.40 4136.56 21293.84 21881.25 22468.66 8481.87 8736.90 8991.93
Step@6 3988.98 4070.80 4152.62 21560.28 22145.90 22731.52 8526.12 8781.40 9036.68
Step@B7 4005.24 4086.30 4167.36 21838.58 22414.50 22990.42 8566.13 8820.60 9075.07
Step@8 4020.74 4101.90 4183.06 22122.21 22693.15 23264.09 8615.15 8867.50 9119.85
StepB9 4032.33 4115.00 4197.67 22372.84 22953.15 23533.46 8647.03 8904.60 9162.17
Step@0 4043.70 4127.50 4211.30 22649.92 23238.40 23826.88 8683.51 8942.10 9200.69
Step@1 4056.26 4140.50 4224.74 22920.22 23506.75 24093.28 8719.36 8977.00 9234.64
Step@2 4068.55 4152.00 4235.45 23196.00 23782.45 24368.90 8752.35 9009.10 9265.85
Step®3 4078.13 4162.50 4246.87 23449.31 24047.05 24644.79 8786.36 9043.10 9299.84
Step@4 4087.89 417290 425791 23722.99 24338.20 24953.41 8813.55 9076.50 9339.45
Step@5 4097.11 418255 4267.99 23988.26 24616.80 25245.34 8845.74 9108.40 9371.06
Step@6 4107.27 4192.65 4278.03 24248.41 24880.00 25511.59 8873.74 9137.40 9401.06
Step7 4115.55 4200.90 4286.25 24511.39 25150.30 25789.21 8896.62 9163.70 9430.78
Step@8 4124.70 4209.55 4294.40 24791.78 25443.30 26094.82 8925.93 9192.10 9458.27
Step@9 4132.64 4217.20 4301.76 25079.01 25718.70 26358.39 8953.53 9217.30 9481.07
Step®0 4141.15 422475 4308.35 25359.72 25993.40 26627.08 8982.70 9243.10 9503.50
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Fig. 63 Network total edge count development for ND = 6.
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Fig. 65 Degree correlation development for ND = 6.
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Table 27 Article and User Network Degree Distribution for ND =.6

NodeR UserfNetwork@serountl NodeR Article@NetworkBArticlel
Degree HavingfThat@egree Degree Count@avingtThategree
AVG-STDEV  AVG  AVG=BTDEV AVG-STDEV ~ AVG  AVG=BTDEV
1 35.54 43.15 50.76 1 0.00 0.00 0.00
2 67.20 75.65 84.10 2 0.00 0.00 0.00
3 76.53 85.75 94.97 3 -0.21 0.17 0.54
4 72.44 80.75 89.06 4 -0.11 1.50 3.11
5 30.83 36.35 41.87 5 1.02 2.83 4.65
6 35.02 41.60 48.18 6 0.11 4.75 9.39
7 28.57 32.85 37.13 7 2.68 6.17 9.65
8 17.13 22.10 27.07 8 5.83 10.75 15.67
9 11.48 14.75 18.02 9 6.65 12.25 17.85
10 10.48 12.85 15.22 10 8.76 15.92 23.08
11 7.77 12.10 16.43 11 11.83 20.33 28.84
12 8.49 13.10 17.71 12 11.31 19.50 27.69
13 11.12 15.40 19.68 13 13.24 22.33 31.43
14 13.12 18.55 23.98 14 17.92 25.50 33.08
15 17.36 20.65 23.94 15 16.98 25.75 34.52
16 18.15 22.00 25.85 16 21.23 30.92 40.61
17 19.45 24.40 29.35 17 21.53 31.58 41.64
18 21.62 25.60 29.58 18 25.22 36.25 47.28
19 21.69 26.15 30.61 19 29.08 39.92 50.75
20 19.63 24.40 29.17 20 36.31 40.33 44.36
21 18.17 23.85 29.53 21 25.08 34.17 43.26
22 18.92 23.05 27.18 22 28.80 36.17 43.54
23 15.48 20.20 24.92 23 29.29 36.75 44.21
24 11.92 15.00 18.08 24 24.30 32.08 39.87
25 10.53 13.55 16.57 25 28.68 34.92 41.15
26 6.64 9.75 12.86 26 26.39 34.58 42.77
27 2.93 6.00 9.07 27 24.33 29.00 33.67
28 3.33 5.85 8.37 28 22.48 28.67 34.85
29 1.83 4.50 7.17 29 18.99 24.17 29.34
30 1.10 3.00 4.90 30 13.80 19.25 24.70
31 0.03 1.30 2.57 31 12.22 16.83 21.45
. _ 32 12.35 16.50 20.65
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Fig. 66 Degree distribution for ND = 6.
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Table 28 Total Edge Count Development for ND = 3

Neighbourhood Dimension (ND) = 3, n=20 Replications Results

Affilitation@Networkll ArticleiNetwork® UserMNetwork?

AVGRBBTDEV AVG AVGEHBTDEV AVGEBTDEV AVG AVGBBTDEV AVGEBTDEV AVG AVGBBTDEV
Stepll 673.87 686.25 698.63 281.60 289.60 297.60 637.50 667.25 697.00
StepR2 950.54 971.30 992.06 872.74 905.15 937.56 1064.50 1121.15 1177.80
Step® 1147.58 1173.00 1198.42 1493.42 1549.20 1604.98 1415.10 1497.25 1579.40
Step 1292.56 1323.55 1354.54 2059.28 2144.00 2228.72 1698.79 1790.55 1882.31
Step® 1405.40 1439.70 1474.00 2552.33 2655.50 2758.67 1916.17 2012.45 2108.73
Step® 1496.77 1529.90 1563.03 2999.00 3086.25 3173.50 2086.45 2186.25 2286.05
Step¥ 1565.94 1602.60 1639.26 3349.82 3455.35 3560.88 2205.41 2320.05 2434.69
Step@B 1624.60 1662.45 1700.30 3670.98 3768.50 3866.02 2312.91 2433.90 2554.89
Step® 1672.72 1710.05 1747.38 3909.04 4011.65 4114.26 2406.72 2527.10 2647.48
Stepfl0 1711.15 1751.10 1791.05 4123.26 4236.50 4349.74 2478.01 2605.05 2732.09
Stepfll 1740.44 1782.35 1824.26 4286.85 4411.05 4535.25 2525.03 2654.60 2784.17
Stepfl2 1763.01 1806.65 1850.29 4415.97 4552.30 4688.63 2559.25 2695.80 2832.35
Stepfl3 1780.16 1825.60 1871.04 4525.50 4669.00 4812.50 2593.12 2729.80 2866.48
Stepfl4 1795.92 1842.80 1889.68 4620.43 477090 4921.37 2618.65 2758.60 2898.55
Stepfl5 1809.02 1857.20 1905.38 4707.57 4860.95 5014.33 2636.04 2781.15 2926.26
Stepfl6 1821.52 1870.40 1919.28 4780.39 4943.30 5106.21 2657.44 2804.60 2951.76
Stepfl7 1828.24 1879.50 1930.76 4823.08 4995.65 5168.22 2668.46 2821.20 2973.94
Stepfl8 1837.25 1888.55 1939.85 4882.18 5052.70 5223.22 2685.50 2839.55 2993.60
StepFl9 1845.38 1896.60 1947.82 4932.11 510295 5273.79 2697.53 2853.55 3009.57
Step0 1851.36 1902.50 1953.64 4974.08 5140.55 5307.02 2709.47 2863.95 3018.43
Step1 1856.20 1907.30 1958.40 5004.44 5172.35 5340.26 2716.33 2871.45 3026.57
Step2 1860.05 1912.00 1963.95 5027.13 5204.90 5382.67 2722.48 2878.15 3033.82
Step@3 1863.30 1915.50 1967.70 5042.26 522390 5405.54 2726.33 2882.75 3039.17
Step@4 1866.80 1919.20 1971.60 5069.01 5251.90 5434.79 2730.93 2887.30 3043.67
Step5 1869.49 1921.90 1974.31 5082.57 5269.25 5455.93 2733.69 2890.20 3046.71
Step®6 1871.10 1923.70 1976.30 5094.16 5282.00 5469.84 2736.46 2893.10 3049.74
Step27 1872.47 1925.65 1978.83 5106.35 5294.75 5483.15 2738.13 2896.50 3054.87
Step@8 1874.28 1927.70 1981.12 5118.15 5307.80 5497.45 2740.35 2899.30 3058.25
Step@9 1875.95 1929.05 1982.15 5127.70 5316.45 5505.20 2743.19 2901.80 3060.41
Step@B0 1877.48 1930.75 1984.02 5142.15 5329.70 5517.25 2745.68 2905.10 3064.52
StepB1 1878.77 1931.85 1984.93 5150.64 5336.40 5522.16 2747.91 2906.80 3065.69
Step32 1880.10 1933.15 1986.20 5158.22 5345.55 5532.88 2750.15 2908.65 3067.15
StepB3 1880.38 1933.60 1986.82 5160.52 5347.95 5535.38 2750.54 2909.05 3067.56
Step4 1881.13 1934.40 1987.67 5167.44 5354.60 5541.76 2751.09 2910.25 3069.41
Step@B5 1881.67 1935.25 1988.83 5170.40 5361.25 5552.10 2751.16 2910.95 3070.74
Step@6 1882.35 1935.70 1989.05 5176.40 5364.95 5553.50 2751.28 2911.15 3071.02
Step@B7 1882.59 1936.10 1989.61 5179.09 5367.15 5555.21 2751.65 2911.55 3071.45
Step@B8 1883.35 1936.75 1990.15 5183.12 5371.45 5559.78 2753.00 2912.75 3072.50
StepB9 1883.90 1937.10 1990.30 5185.06 5373.10 5561.14 2753.02 2913.45 3073.88
Step@0 1883.90 1937.10 1990.30 5185.06 5373.10 5561.14 2753.02 2913.45 3073.88
Step@1 1884.28 1937.55 1990.82 5188.77 5376.15 5563.53 2753.38 2913.85 3074.32
Step@2 1884.71 1937.80 1990.89 5192.35 5378.20 5564.05 2753.53 2913.95 3074.37
Step@3 1884.86 1937.95 1991.04 5194.38 5379.65 5564.92 2753.72 2914.15 3074.58
Step@4 1885.30 1938.30 1991.30 5200.30 5383.25 5566.20 2753.54 2914.75 3075.96
Step@5 1885.30 1938.35 1991.40 5200.59 5383.55 5566.51 2753.51 2914.85 3076.19
Step@6 1885.34 1938.45 1991.56 5200.71 5383.85 15566.99 2753.68 2914.95 3076.22
Step@7 1885.63 1938.80 1991.97 5202.46 5386.70 5570.94 2754.15 2915.35 3076.55
Step@8 1885.73 1938.90 1992.07 5203.54 5387.70 5571.86 2754.15 2915.35 3076.55
Step@9 1885.77 1939.00 1992.23 5203.99 5389.40 5574.81 2754.30 2915.55 3076.80
Step®0 1885.89 1939.20 1992.51 5205.87 5391.95 5578.03 2754.49 2915.75 3077.01
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Fig. 67 Network total edge count development for ND = 3.
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Fig. 69 Degree correlation development for ND = 3.
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Table 29 Article and User Network Degree Distribution for ND = 3

Nodel UseriNetwork@serount® NodeR Article@NetworkRArticlel
Degree HavingfThat@egree Degree CountavingtThategree
AVG- AVG=R AVG- AVG=0l
STDEV AVG STDEV STDEV AVG STDEV
1 12882 146.50 164.18 1 14.38 20.83 27.29
2 101.68 109.80 117.92 2 37.18 46.83 56.48
3 72.40 80.00 87.60 3 65.46 80.83 96.21
4 52.32 62.00 71.68 4 77.41 88.25 99.09
5 44.98 52.45 59.92 5 92.80 102.50 112.20
6 52.10 57.60 63.10 6 74.88 90.25 105.62
7 41.52 47.75 53.98 7 63.64 78.92 94.19
8 29.17 37.50 45.83 8 47.56 64.75 81.94
9 21.92 27.10 32.28 9 40.81 51.67 62.52
10 13.56 18.30 23.04 10 27.52 38.00 48.48
11 6.70 11.05 15.40 11 19.93 27.50 35.07
12 3.35 6.60 9.85 12 14.51 18.58 22.65
13 2.14 3.85 5.56 13 8.71 11.67 14.62
14 0.27 2.60 4.93 14 2.91 6.33 9.76
15 0.37 1.65 2.93 15 2.87 5.25 7.63
a. b.
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Fig. 70 Degree distribution for ND = 3.
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