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ABSTRACT
The study of collaboration patterns in wikis can help shed
light on the process of content creation by online communities. To turn a wiki’s revision history into a collaboration
network, we propose an algorithm that identiﬁes as authors
of a page the users who provided the most of its relevant
content, measured in terms of quantity and of acceptance by
the community. The scalability of this approach allows us to
study the English Wikipedia community as a co-authorship
network. We ﬁnd evidence of the presence of a nucleus of
very active contributors, who seem to spread over the whole
wiki, and to interact preferentially with inexperienced users.
The fundamental role played by this elite is witnessed by the
growing centrality of sociometric stars in the network. Isolating the community active around a category, it is possible
to study its speciﬁc dynamics and most inﬂuential authors.

Categories and Subject Descriptors
H.5.3 [Information Interfaces]: Group and Organization
Interfaces—Computer-supported cooperative work, Web-based
interaction

General Terms
Human Factors

Keywords
Wikipedia, collaboration network, online production, social
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1. INTRODUCTION
To describe the successful history of Linux, E.S. Raymond
introduced the metaphor of the bazaar, a new bottom up
model made possible by Internet and based on the free collaboration of thousands of volunteers spread all over the
world, opposed to the cathedral, the traditional hierarchical
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model [33]. Whereas to build a cathedral everything is projected in detail from the beginning by a few people, and some
experts work, mainly in isolation, for the development of its
single parts, in the bazaar anyone can propose tweaks and
changes, which are managed by the community in a continuous spontaneous process of natural selection. In Wikipedia
the bazaar model is at the basis of the development of a collaborative encyclopedia, that anyone armed with Internet
connection and a Web browser can edit.
This community eﬀort has resulted in one of the largest
collaborative projects in human history, and as such has
attracted the attention of many researchers, who have analyzed its social dynamics from diﬀerent perspectives to shed
light on the process of content creation by a community. Indeed, the analogy with a scientiﬁc collaboration community
has been proposed in the literature and is straightforward,
as editing of a wiki encyclopedia entry somehow resembles
the collaborative writing of a scientiﬁc paper [15]. Studying
Wikipedia as a co-authorship network can allow for a comparison with scientiﬁc communities widely studied in literature, and unveil patterns of collaboration that are hidden in
the revision history. Nevertheless, to the best of our knowledge there is still no extensive study on the community of
Wikipedia contributors as a co-authorship network. Current
methods are mostly based on the assumption that just the
fact that two users edited the same page is enough to establish a relationship, and fail to scale to the size of Wikipedia
in a major language.
The ﬁrst contribution of this paper is the development of
a general and scalable methodology to extract a co-author
network from a wiki’s revision history. One fundamental
diﬀerence between a paradigmatic case of scientiﬁc collaboration community and a wiki is that collaboration on a
wiki article has lower barriers than the process of publishing a scientiﬁc paper together, and does not imply previous
agreement. Moreover, size of contributions can be strongly
uneven, and not all edits are accepted by the community.
Considering as co-authors all users who just edited the same
article may bring to establish too many connections between
people that were not really involved in writing something
together; this would result in an extremely large and dense
network. To select those who can be considered the “real”
authors of a wiki article, and to account for the process of
convergence toward a shared outcome, we rely on a metric which evaluates contribution according to the longevity
of the modiﬁcations introduced [1]. According to this measure, we deﬁne a method to select the main contributors of

each page as the ones who provided the most of its accepted
content, and to obtain a collaboration network.
Our second contribution consists in the analysis of the
co-authorship network obtained from a complete dump of
the English Wikipedia, to characterize its community on a
temporal dimension. The study of the network’s macroscopic features and the comparison with scientiﬁc collaboration networks help understand the way the community is
structured and the role of administrators and most involved
users, pointing out the existence of speciﬁc patterns of collaboration.
In the next Section we oﬀer a brief overview on the community of Wikipedia contributors, based on previous studies. Then in Section 3 we describe our algorithm to extract
a co-authorship network from a wiki’s revision history, while
in Section 4 we show the results we obtained for the English
Wikipedia, analyzing the evolution of diﬀerent macroscopic
properties of the network and investigating the role of the
most inﬂuential users. Finally in Section 5 we discuss conclusions and directions for future work.

2. RELATED STUDIES
An in-depth qualitative description of social dynamics and
established rules and conventions in Wikipedia is oﬀered
in [7], whose authors investigate how new users can move
from legitimate peripheral participation to full community
involvement and how their activity can change substantially
over time, moving from local focus on individual articles to
a concern for the quality of Wikipedia content as a whole
and for the health of the community.
One of the ﬁrst extensive quantitative studies on the Wikipedia community was presented in [36], where its growth
is shown to follow an exponential trend, after a ﬁrst linear phase; both the number of authors per articles and vice
versa the number of articles per author exhibit a power law
distribution. Almeida et al. [2] characterized the evolution
of Wikipedia as a self-similar process growing exponentially,
due especially to the continuous increase of the number of
contributors. They also observed that the distribution of the
number of updates per user follows two Zipf’s laws with different parameters, which split the community in two groups:
a small nucleus of around 5000 very active users, who contribute more than 1000 articles, and the vast majority of
common contributors.
Kittur et al. [19] divide Wikipedia contributors into different categories according to their degree of participation
in terms of number of edits. They observe at ﬁrst the rise of
an elite of very active users, who perform the most of edits,
and then the decline of this “elite” in virtue of what they call
the “bourgeoisie”, the large majority of common users. Ortega et al. [31] found out that the 10% of contributors were
responsible for more than the 90% of edits; they also noticed
that this strong inequality tends to stabilize over time. The
eﬀect of contribution inequality on the quality of Wikipedia
articles has been investigated in [3]: a positive eﬀect of global
inequality, measured according to the Gini coeﬃcient of edit
count distribution, is found. Kittur et al. [21] study the role
of coordination, observing improvements in article quality
as eﬀect of both explicit coordination through communication, and implicit coordination through concentrating the
majority of the work in the hands of a subset of users.
In [15] Wikipedia is studied as a peer review system; no
evidence is found that experience helps editors avoid rejec-

tion, while the authors observe a strong tendency of users
to defend their own contributions.
The ﬁrst relevant attempt to study the social network of
Wikipedia editors, to the best of our knowledge, was done
in [23]: a directed graph is drawn to represent the network
of consequent edits to a page and to evaluate the authority
of authors over an article or a domain, and the degree of
centralization of an article. Brandes et al. [6] represent the
contributors of a page as nodes, and the diﬀerent kinds of
actions linking them as edges, with attributes expressing
the numbers of deleted, undeleted and restored words. By
means of this kind of network, the authors study the diﬀerent
roles of users and the collaborative structure of pages, and
they try to identify poles of opinion. Iba et al. [18] focus
on the network based on consecutive edits done to a page,
in order to identify editing patterns using dynamic social
network analysis. The models proposed in these studies are
useful to represent interactions over one or few pages, while
our concern is to characterize the whole community.
Closer to our work are studies which take into account
the collaboration network in a wiki as an aﬃliation network. Biuk-Aghai [5] proposes a visualization method which
exploits co-authorship networks to compute the similarity
between Wikipedia pages. In [35] a method is described
to measure co-authorship relationships in MediaWiki; the
model allows for the representation of weighted relationships, where the relevance of each collaboration is computed
according to the temporal overlap in the activity of two authors on a same page, and to the proportion of their edits
with respect to the total revisions of that page. Müller-Birn
et al. [25] combine diﬀerent measures in order to evaluate author activity in wikis: besides edit count, they compute for
each author also a measure of content signiﬁcance based on
tf-idf model, and metrics of centrality in the social network.
The ﬁrst results, on a small collection of articles, show that
the three criteria bring to quite diﬀerent rankings. A model
based on a tripartite network is presented in [26], the three
dimensions being users, pages and categories. Klamma et
al. [22] propose a model to study wikis as social networks,
taking into account articles, revisions, users and URLs, and
apply dynamic network analysis to several wikis; as they
consider all edits for the construction of the networks, the
model cannot scale to the size of Wikipedia in a major language. All of these studies diﬀer from ours in that they are
only based on the edits done to a page, without accounting
for diﬀerences in the contribution carried by diﬀerent edits.
The network of replies between users in Wikipedia discussion pages is analyzed in [24], while the interplay between
social ties and similarity is studied in [10], where feedback
eﬀects are found between personal communications and editing of the same articles. The network of personal communications is also studied in [13] to characterize diﬀerent proﬁles
of users.

3.

FROM REVISION HISTORY TO A COAUTHORSHIP NETWORK

In the last decade, the availability of comprehensive online bibliographies has made possible the extensive study
of co-authorship networks for entire ﬁelds; in particular,
large-scale networks have been constructed to represent coauthorship collaborations in physics [4], mathematics, neuroscience, biology and computer science [29, 27]. The study

of these networks has shown to be a useful source of information on the academic communities, both for local and global
analysis.
As discussed in the previous Section, the analogy between
Wikipedia and a scientiﬁc collaboration community is not
new in literature as a potential useful means to study its
social structure and dynamics from a sociometric perspective, and some methods have been proposed to extract a
collaboration network from a wiki [23, 35, 25, 22]. However,
current methods are mostly based on the assumption that
just the fact that two users edited the same page is enough
to establish a relationship, and fail to scale to the size of Wikipedia in a major language. In our opinion the approach of
including any user who edited a page as an author is an oversimpliﬁcation; in eﬀect, we would like to extract the main
contributors of a page, both in terms of quantity and quality of their interventions. In particular, while to publish a
scientiﬁc paper together two researchers need to know each
other in advance, and then to agree on the ﬁnal version of
the paper, in a wiki it is just a matter of editing the same
page; by taking into account the degree of acceptance that
a contribution has received by the community, we try to
make up for the lack of explicit agreement between users in
previous models.
We propose an algorithm that acts in three main steps:
at ﬁrst, for each page a score is computed to evaluate the
contribution of its editors, then the main contributors are selected as authors of the article, and ﬁnally the co-authorship
network is constructed. In the following we will illustrate
these three steps.

3.1 Measuring contribution
The ﬁrst step of our method requires the computation of
author contribution in the scope of each wiki page. We need
a function:
c : U × P → [0, +∞)

(1)

which, given a user in the set of registered users U and a page
in the set of pages P , has two main requirements. First it
has to return a positive numerical value. This is because
with such a function we can calculate the total contribution
for a page, and estimate the relative inﬂuence of each user on
it. Then, in order to perform temporal studies, it is required
to the function to be computable within speciﬁed intervals
of time. This deﬁnition is quite general, and any measure
quantifying the contribution of a user to a page can be used.
Most of the quantitative studies on the Wikipedia community just take into account the number of edits performed
by a user as a measure of her activity; this naive measure
is often used also inside the same community of Wikipedia
(e.g., to be elected as an administrator of the Italian Wikipedia, a user needs to have performed at least 500 edits).
Though it is largely used, due to its simplicity, the limitations of this approach are evident, as no importance is given
either to the size or to the quality of interventions. More sophisticated approaches to compute author contribution are
based on the observation of the lifespan of the changes introduced. The metric proposed in [32] takes into account
the number of times a word added is viewed without being changed in the next revisions, while in [15] the lifespan
of a word is measured according to the number of editors
modifying the page without removing it. A set of metrics
and eﬃcient algorithms to compute author contribution to a

wiki is illustrated in [1], in the framework of the WikiTrust
project1 . Among these metrics, edit longevity is based on
the number of words edited by an author, computed with
suitable heuristics, and weighted according to their longevity
in the following interventions.
For this work we chose to rely on the metric of edit longevity
as described in [1], both for its accuracy and for the eﬃciency
of the algorithm proposed, allowing for its computation over
the whole English Wikipedia as: el : E → [−∞, +∞), E being the set of all edits in the wiki. While in Wikitrust edit
longevity is cumulated for each author over the whole wiki,
our approach is to cumulate this measure in the scope of
each single page, ﬁnding as a result a score associated to
each contributor, telling how much accepted content they
have introduced in a certain article. As we are interested in
cumulating a measure of the relevant contribution carried
by each author to a page, we do not take into account interventions bringing a negative score. We deﬁne Eu,p as the
set of edits performed by user u on page p, and we compute
the contribution of user u to page p as:
∑
c(u, p) =
el(e).
(2)
e∈Eu,p |el(e)>0

3.2

Author selection

As pages vary substantially both in length and number of
editors, it would be diﬃcult to establish a ﬁxed number of
authors to be selected from all articles. Instead, we adopt a
general and ﬂexible strategy, which consists in selecting the
ﬁrst users who authored a certain percentage of the whole
accepted contribution. Anonymous contributors are identiﬁed in Wikipedia revision history by their IP number, so a
possible strategy would be to include them in the community as single individuals, by treating IP numbers as normal
user nicknames. We are not following this approach for the
fundamental reason that IP numbers are not reliable identiﬁers. Moreover, it makes sense to identify only users that
explicitly chose to have a nickname in the community. So
we discard all anonymous contribution. For each page p we
deﬁne the set Up of all registered users who edited it. We
select the set of authors of page p as the smallest subset
Ap ⊆ UP containing the ﬁrst users of Up , ordered by descending contribution, such that:
∑
a∈Ap c(a, p)
>θ
(3)
ctot (p)
where θ ∈ [0, 1] is a relative threshold and ctot (p) is the total
contribution to the page by registered users:
∑
ctot (p) =
c(u, p)
u∈Up

Then we remove all the users whose contribution to that
page, in absolute terms, did not reach a minimum threshold
M , by imposing a further condition for each author a of page
p:
c(a, p) > M

3.3

(4)

Network construction

As discussed in the previous Section, we select for each
article a variable number of authors who have provided a
1
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signiﬁcant contribution, both in absolute and relative terms,
and we obtain a bipartite network, or aﬃliation network,
where each user is associated to all the articles of which she
is a main contributor. To obtain a collaboration network,
G = hV, Ei, we project this bipartite network on the users’
dimension, establishing a connection between each pair of
users who have collaborated
∪ on at least one article. So the
set of vertices is: V = p∈P Ap and the set of edges is:
E = {(a1 , a2 ) | ∃p ∈ P : a1 , a2 ∈ Ap }.
To account for temporal dynamics, we consider slots of a
ﬁxed amount of time T , and we snapshot the wiki’s revision
history at diﬀerent instants. For each period we build a network based only on the edits performed in that time slice
([0, T ), [T, 2T ), · · · ), and a cumulative one considering also
all previous edits ([0, T ], [0, 2T ], · · · ). With the ﬁrst method
we can represent the network of actual interactions between
users in a limited period of time; with the second approach
we consider cooperation over the whole history of each article, coherently with the idea that, when editing a page, a
user is working on all past contribution.
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Figure 1: Distribution of the number of users per
page observed in a three month period (November
2006 - February 2007), plotted on a log-log scale.
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2

We applied the algorithm described in the previous Section to the English Wikipedia, to extract its co-author network. We based our analysis on a log from the WikiTrust
project, where edit longevity has been computed for all edits
until February 11th, 2007.
For scientiﬁc co-author networks the usual period of time
examined is one year; this is probably due to the availability of the publication year, and to the scarce relevance of
a ﬁner-grained division of time, as the process of publishing can take months. As in Wikipedia everything happens
faster, and the revision history provides detailed temporal
data, we chose to adopt shorter periods of T = 3 months.
We have constructed for each period both the cumulative
and the non-cumulative network, using thresholds θ = 0.7
and M = 10, the ﬁrst telling we select as authors of an article the minimum set of top contributors responsible for at
least 70% of the total contribution to it, the second establishing the minimum contribution needed to be considered
an author (roughly corresponding to 10 words added and
never modiﬁed in the following 10 revisions)2 .
Figure 1 shows the number of editors per page and the
number of authors selected by our algorithm, for a period of
three months. As it can be noted, though there are articles
edited by up to 500 users, our algorithm does never select
more than 20 editors as authors of a page. Anonymous contribution, that we discarded, adds up to 25% of edits done,
but only to 10% in terms of edit longevity. These data point
out the lower weight of anonymous edits in terms of size and
acceptance by the community.
Figure 2 shows the growth of Wikipedia in terms of number of articles; together with the total number of articles, we
have plotted also the number of those for which at least one
and two contributors have been selected; the percentages
over the whole history until February 2007 are about 97%
and 39%, respectively. The graphics points out that most of
Wikipedia articles have been redacted by one main editor.
Analogously, besides the evolution of the total number of
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Figure 3: Evolution of the number of users.

Wikipedia users, in Figure 3 we plot the number of users
selected as authors of at least one article, and the number of
authors who have collaborated with at least another author;
the percentages are about 29% and 24% and show that the

Table 1: Macroscopic features of the non-cumulative
network: each row describes the network of collaborations based on the edits performed in the three
month period ending on the pointed month.
Period
N
hki G%
C
d
D
r
Feb02
124
5.8 100 0.17 2.83
6 -0.14
May02
178
6.5 98.9 0.19 2.85
6 -0.16
Aug02
214
7.0 97.7 0.22 2.88
6 -0.11
Nov02
415
9.6 99.0 0.23 2.87
6 -0.17
Feb03
585
8.3 99.9 0.17 3.07
7 -0.14
723
8.9 98.1 0.18 3.07
6 -0.10
May03
Aug03
1199
8.5 96.2 0.14 3.26
7 -0.07
Nov03
1511
8.9 92.8 0.14 3.26
7 -0.07
Feb04
2023 10.0 97.0 0.13 3.31
9 -0.06
May04
3817 10.1 95.9 0.10 3.43
8 -0.05
Aug04
5101
9.9 97.6 0.08 3.53
9 -0.05
6781
9.5 95.9 0.06 3.46
8 -0.08
Nov04
Feb05
8643
8.6 95.9 0.07 3.75
9 -0.04
May05
11678
8.3 95.3 0.07 3.83 12 -0.02
16622
8.3 95.3 0.07 3.91 10 -0.02
Aug05
Nov05
20117
8.3 94.5 0.09 3.95 11
0
Feb06
31424
9.0 94.3 0.09 3.95 11 -0.01
May06
45069
7.5 93.1 0.04 3.96 11 -0.05
Aug06
55948
7.3 92.5 0.03 4.06 12 -0.04
Nov06
62126
6.6 91.0 0.03 4.06 12 -0.04
Feb07
64318
6.9 90.2 0.03 4.08 12 -0.03

vast majority of authors have collaborated with some other
authors.
In the following we analyze the networks according to several metrics to characterize the Wikipedia community and
detect patterns of collaboration. For the analysis we relied
on the software package Igraph for R [11].

4.1 Macroscopic network analysis
Tables 1 and 2 report the evolution of some macroscopic
features of the non-cumulative and cumulative networks, respectively. The size of the giant component G, the largest
connected component, is always over 97% in the cumulative
network, showing a very scarce fragmentation; high values
are observed also in the non-cumulative network. The size
of the other components does never exceed 6 or 7 nodes.
In social network analysis the number of edges k incident
to a node is generally called degree. Looking at the evolution of mean degree hki over all nodes, or network connectivity, in the cumulative network, we observe a rapid growth,
that tends to converge around a value of 22. In the noncumulative network, after a growth in the ﬁrst periods, connectivity starts following a slowly decreasing trend; this is
an interesting signal that the mean number of actual collaborations during a limited period of time remains bound, and
tends to decrease as a larger base of users gets involved in
the community.
The networks exhibit the small world property [37]: the
maximum distance, or diameter D, tends to slowly increase
over time, but no more than 10 or 12 steps are required to
connect any pair of nodes. This value is considerably low,
especially if compared with those of scientiﬁc collaboration
networks, where the diameter can typically reach the value
of 20 [27]. Analogously, also mean distance d exhibits a

Table 2: Macroscopic features of the cumulative network: each row corresponds to the network based on
the whole history of pages until the pointed month.
N stands for network size.
Until
N
hki G%
C
d
D
r
Feb02
137
6.2 100 0.17 2.87
6 -0.11
May02
256
9.0 100 0.21 2.75
6 -0.16
Aug02
388 11.6 100 0.24 2.70
5 -0.19
Nov02
706 14.0 99.7 0.26 2.76
5 -0.23
Feb03
1116 14.7 99.5 0.24 2.83
7 -0.23
May03
1508 16.7 99.5 0.23 2.85
6 -0.21
Aug03
2315 17.1 98.6 0.22 2.92
7 -0.20
Nov03
3286 18.0 97.1 0.20 2.96
8 -0.19
Feb04
4542 19.5 97.4 0.19 2.99
8 -0.18
May04
7000 20.7 96.7 0.17 3.04
8 -0.17
10033 22.0 97.8 0.16 3.08
9 -0.16
Aug04
Nov04
14072 23.1 97.7 0.14 3.10
8 -0.16
Feb05
19004 23.5 97.8 0.13 3.14
8 -0.15
May05
25759 23.4 98.1 0.12 3.19
8 -0.14
Aug05
35408 23.6 98.1 0.11 3.24
8 -0.13
Nov05
46181 24.2 97.9 0.11 3.29
8 -0.12
Feb06
64268 24.3 97.8 0.10 3.33
9 -0.11
May06
90523 23.1 97.4 0.09 3.38
8 -0.10
Aug06 121461 22.6 97.2 0.08 3.40 10 -0.08
Nov06 154091 22.0 96.8 0.06 3.41
9 -0.08
Feb07
183710 22.4 96.7 0.06 3.41 10 -0.07

slow linear increase with time, remaining between values of
3 and 4; this result is also quite low with respect to scientiﬁc collaboration networks observed in literature, where
the average values are usually over the double. These short
distances can be explained in virtue of the lower barriers to
the collaboration between any pair of users in a wiki; they
can also be interpreted as an eﬀect of the centralization of
the network around some very active users, the so called
sociometric stars.

4.1.1

Clustering coefficient

Similar conclusions can be inferred from the observation
of clustering coeﬃcient, that is computed as:
C=

3 · number of triangles
number of connected triples of vertices

and represents the percentage of closed triples in the network: at the extremes, a completely connected graph has
C = 1, whereas a hierarchical tree has C = 0, as no loops
are possible [37]. Though our networks exhibit a clustering
coeﬃcient higher than the one of a random network, this
value is very low with respect to scientiﬁc collaboration networks observed in literature, where it also shows to be usually more stable over time [27, 9]. Among the co-authorship
networks studied in [29], the only one having a similar value
of C is Medline, a very large community characterized by
a strongly hierarchical social structure, based on laboratories where a high number of collaborators gravitate around a
“principal investigator”. Comparable values of clustering coeﬃcient have been observed in online communities [17] and
message board networks [14]; a ﬁrst simple consideration
can be that it is easier to establish new and heterogeneous
connections with other people on the Web than in the real
world.
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Figure 7: Degree distribution in the cumulative network.
The low and decreasing values of C in our network, shown
in Figure 5, can be also seen as a symptom of the growing
centralization of the network, that is accentuated as new
users attach to the stars, central nodes with a very high
degree. This process can be attributed to the role of some
“superusers”, who seem to be omnipresent: administrators,
bots, and a core of very active contributors, who seem to
intentionally spread themselves over the whole Wikipedia,
covering all its areas. Some researchers claim that the decreasing percentage of edits performed by administrators
and by the most active users suggests that the Wikipedia
elite is declining and a bourgeoisie is rising [19]. Though, in
our analysis we ﬁnd evidence of the fundamental role that
these users continue playing, by leveraging their centrality
in the growing network.

4.1.2

Degree distribution

The uneven level of participation is conﬁrmed by a study
of the degree distribution, that is plotted in Figure 7 for the
cumulative network and in Figure 6 for the last three month
period studied; both networks are scale free with a heavy
tailed distribution. According to [7], a reason for this disparity in the number of collaborations may be found in the
distinction between the periphery and the core of the community: users who feel fully involved in the project, members of the tribe, care about the whole content of the encyclopedia, and their activity is substantially diﬀerent with
respect to the majority of users who are just interested in
contributing on speciﬁc topics.

4.2 Centrality measures
In literature, several metrics of centrality have been proposed to study the position and the inﬂuence of individuals
in a network. Beside the ﬁrst and simplest centrality metric
of Degree, which just expresses the total number of collaborators of a user, i.e. the communication activity, others have
been deﬁned to investigate particular properties of nodes.
Betweenness is a measure based on the number of times
a node occurs in the shortest path between other pairs of
nodes. It is computed for node n as:
betweenness(n) =

∑ |pinj |
|pij |
i,j

where, for each pair of nodes (i, j) in the network, pij are
all the shortest paths between them, and pinj are the ones
passing from node n. The idea is that the more betweenness
a node scores the more inﬂuence it will have on information
ﬂow in the whole network, a sort of control of communica-
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Figure 8: Trend of assortative mixing by degree r in
the non-cumulative network.

r

An interesting question is whether these very central authors are preferentially linked with other highly connected
ones or not; in other words, if the network is assortative.
The assortative mixing, or degree correlation r of a network, measures the tendency of nodes to connect with other
nodes having a similar degree [30]. Being assortative is traditionally considered a characterizing feature of social networks, in contrast with technological and biological ones,
like the Internet or the WWW, which are disassortative [28].
Nevertheless, the degree assortative mixing of our networks
is negative, with values increasing (decreasing in absolute
value) until about -7% in the cumulative, and -3% in the
non-cumulative one (Figures 8 and 9). This result marks
a notable diﬀerence with respect to scientiﬁc collaboration
networks, that have been shown to exhibit assortative mixing patterns [30]; instead, neutral or disassortative networks
have been observed in other online communities such as Internet dating [16] and message boards [14]. This tendency
has been veriﬁed for many online social networks in [17];
this recent work also highlights a transition from degree assortativity to disassortativity in the popular Chinese social
network platform Wealink.
The evolution of the correlation degree coeﬃcient we observe for Wikipedia, plotted in Figures 8 and 9, exhibits a
diﬀerent trend, reaching highly negative values that tend to
decrease over time in absolute value. One particular reason
for the disassortative mixing of Wikipedia community can
be found in the tendency of more involved authors to interact with new inexpert users, correcting and improving their
contributions, rather than to collaborate with each other on
the same articles. Global inequality of contribution between
users collaborating on a same article has been shown to be
positively correlated with article quality [3]; this social dynamics can probably be considered one fundamental feature
of the Wikipedia community, that has characterized it since
the beginning, with a strong concern of the most involved
users for the content of the whole encyclopedia. The trend
of disassortative mixing in the cumulative network mirrors
the one of the clustering coeﬃcient, which also moves towards zero as the network grows in size and density, establishing connections also between people who authored the
same pages in diﬀerent periods.
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Figure 9: Trend of assortative mixing by degree r in
the cumulative network.

tion [12]. Nodes with high values of betweenness make the
spreading of cutting-edge knowledge easier; in the case of
Wikipedia it could be policies and best practices. Removing such nodes typically leads to the increase of the shortest
path length between nodes [37].
Closeness of a node (n) is the inverse of the average length
of the shortest paths to other nodes (m) in the network
(pnm ) [8]; given N the number of nodes:
N −1
closeness(n) = ∑
m pnm
This metric expresses the capability of a node to get in touch
with new ideas over the network, i.e. independence of information [12].
Eigenvector is a metric based on degree. It corresponds to
the values of the ﬁrst eigenvector of the network adjacency

Table 3: Number of Administrators, Bots and Registered users in the top 100 nodes according to different metrics for the cumulative network
Admins Bots Registered
edit count
50
23
27
edit longevity
72
6
22
degree
70
10
20
betweenness
65
12
23
closeness
73
10
17
30
6
64
eigenvector

matrix [8]. Centrality of each node is so evaluated proportionally to the sum of the centrality of nodes it is connected
to.
We computed the centrality of each user, according to the
diﬀerent metrics mentioned. Eigenvector centrality is the
only metric which was computed on the weighted network,
where each edge connecting two authors is weighted according to the number of articles they co-authored.
To sketch the composition of the group of the most inﬂuential authors, we counted the number of administrators,
bots and registered users appearing in the top 100 positions
in the rankings according to the diﬀerent centrality metrics
and to the measures of edit count, or number of edits done,
and to edit longevity, described in Section 3.1.
As it can be noted in table 3, all centrality metrics tend to
produce results comparable to the edit longevity, on which
the networks are based; an interesting exception is represented by the eigenvector, which tends to strongly penalize
administrators; this result can be interpreted as a consequence of the tendency of administrators to interact preferentially with the most inexperienced users. A high number
of bots emerges in the edit count ranking, but this presence
is strongly reduced with edit longevity and network centrality metrics; this is probably a symptom of the high number
of small edits performed, and of the scarce interactions with
other users, which characterize many bots.

4.3 Removing admins, bots and stars.
Given the structure of the network and its disassortative mixing, of particular interest can be the experiment
of removing some classes of very central users and studying
the resulting network. Table 4 reports the macroscopic features of the cumulative networks obtained removing various
classes of users, compared with the original network.
As a ﬁrst experiment we have removed administrators and
bots; more precisely, we have removed all the nearly 1300
users who have been elected administrators before February
2007, and the 76 users that we have identiﬁed as bots. The
peculiar role that these classes of users play inside Wikipedia is witnessed by the remarkable change in the network
that is caused by their removal. As it can be noted, the
size of the network decreases signiﬁcantly: in fact, as we are
not considering isolated individuals, almost 20 000 nodes get
disconnected from the rest of the network after these special
users are removed; also the giant component size percentage
decreases. Mean distance and diameter increase, remarking
the role of hubs that administrators and bots were playing, whereas clustering coeﬃcient grows as the hierarchical
structure of the network is partly broken with the removal

Table 4: Macroscopic features of the cumulative network constructed removing some classes of users:
Admins and Bots (AB), top 1000 and 5000 users
having highest betweenness. Also values for the
original network are reported (none).

none
AB
1000
5000

N
183710
168716
158956
134802

hki
22.4
13.3
10.0
5.2

G%
96.7
94.8
93.0
85.9

C
0.06
0.04
0.05
0.10

d
3.41
3.80
4.24
5.44

D
10
11
12
17

r
-0.07
-0.04
0.04
0.09

of these stars. Finally, the assortative mixing coeﬃcient increases, though the network keeps being disassortative.
The same phenomenons are observed after removing other
very central authors; we removed the 1000 and 5000 nodes
with the highest betweenness, obtaining the results shown
in Table 4. Individuals having highest betweenness are the
ones that are more often on the shortest path between pairs
of users in the network, and correspond to Wikipedians directly connected with many heterogeneous authors; removing these hubs it is easier to understand the sub standing
structure of the network. The assortative mixing coeﬃcient
gets positive after removing the 1000 most central users; the
size of the network and of the giant component get smaller as
many users get disconnected, but no other connected component exceeds the size of 10 nodes. After removing 5000
authors, the size of the giant component is reduced from
about 180 thousand to 115 thousand nodes, meaning that
more than one third of the users were connected to the rest
of the network only through these stars.

4.4

Study of subcommunities

A further analysis can be performed concentrating on particular semantic areas of Wikipedia, to study the communities of users that are active on a speciﬁc domain. All articles
in the wiki are organized in a hierarchy of categories and subcategories, so it should be possible to pass it through and
determine the whole subgraph belonging to a given higher
level category. Unfortunately this is not easy, as categories
are managed by users in a heterogeneous way, and the result is often not a coherent hierarchy: the subcategory relationships cannot always be considered transitive and are
sometimes used just to state a correlation between two topics; following the subcategory chain it occasionally happens
even to fall into some loops. This as precious as imprecise graph has been object of diﬀerent studies. In particular
in [20] an algorithm is proposed that, given as input a set
of high-level categories, computes the degree to which an
article is related to each of them, according to the length
of the path; this method is useful for creating a partition
of all Wikipedia articles with good approximation, and it
is strongly dependent on the choice of the categories into
which the articles have to be split.
As we wanted to identify subcommunities active on speciﬁc topics, we relied on the approach of isolating a few well
delimited lower level categories, and manually cleaning their
subtrees, excluding unrelated branches. We chose three categories of comparable size, from diﬀerent domains: Botany,
Pharmacology and Comics.

Table 5: Macroscopic features of the cumulative
networks for categories Pharmacology, Botany and
Comics.
Pharm. Botany Comics
# of nodes N
5814
6500
11559
mean degree hki
11.22
9.79
11.35
giant comp G%
89.8
89
92.8
clustering coeﬀ. C
0.25
0.19
0.11
mean distance d
3.59
3.5
3.57
diameter D
11
10
10
assortativity r
-0.05
-0.1
-0.06

Table 6: The 15 users with highest betweenness in
the cumulative network for category Botany. Also
the position in the global network betweenness ranking is reported for each user, together with the role.
rank

betw.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

4392847
3050933
2035231
1496233
603624
395980
389615
386907
386820
379741
360715
344995
311965
291674
291491

username
MPF
AntiVandalBot
Tawkerbot2
Gdrbot
Wetman
Ahoerstemeier
JoJan
Grstain
DanielCD
PDH
Pekinensis
VivaEmilyDavies
Badagnani
Tawkerbot4
Pollinator

global
rank
Admin
129
Bot
1
Bot
2
Bot
41
Registered
23
Admin
11
Admin
1145
Registered
137
Admin
173
Registered
141
Registered 1921
Registered 1915
Registered
99
Bot
7
Admin
803
role

As shown in Table 5, the networks seem to share some
macroscopic features of the global one: one very large connected component, short diameter and short average distances. Clustering coeﬃcient C reaches values remarkably
higher than the ones observed over the global network. This
is especially true for categories Botany and Pharmacology;
the lower value observed for the category Comics seems to
reﬂect the more occasional and sparse nature of contributions, with respect to scientiﬁc disciplines where more speciﬁc expertise on particular topics is required.
Regarding sociometric stars, we observe the prevalence
of some of the same “superusers” that also emerged in the
global network, but also of other users that seem to have
reached a very high centrality only inside a particular area.
As an example, Table 6 shows the ﬁrst 15 users for betweenness in the Botany cumulative network. For each user also
the role and the position in the betweenness ranking for the
global network are reported: this information points out a
certain heterogeneity in the composition of the core of the
most central users in category Botany, and oﬀers an interesting measure of the diﬀerent areas of inﬂuence of users. By
discarding global stars it is possible to have an idea of the
most inﬂuential contributors who focused on a given area.

5.

CONCLUSIONS AND FUTURE WORK

In this work we have proposed a scalable method to extract a co-author network from a wiki’s revision history,
based on the idea of selecting only the main contributors
of a page as its authors, and we have applied it to analyze
the social structure and dynamics of the English Wikipedia
author community.
The results mark a considerable diﬀerence with respect
to most of the scientiﬁc collaboration networks: very low
values of mean distance and diameter, a quite low and decreasing clustering coeﬃcient, and disassortative mixing by
degree. We ﬁnd evidence of a strong centralization of the
network around some stars, a considerable nucleus of very
active users, who seem to be omnipresent. The high centrality of sociometric stars points out the key role that the
“elite” continue playing in the community of Wikipedia, despite the rapid growth of the number of common users. The
disassortativity of the networks is a signal that the most active contributors tend to interact with the less experienced
users, spreading over the whole wiki, rather than to collaborate with each other. In this continuous relationship
between the core and the periphery of the community can
perhaps be found one of the constituting characteristics of
the Wikipedia community.
We have also shown how the community working on a
particular semantic area of the wiki can be studied; the networks constructed for some categories tend to share the main
features of the global ones, with some variations; in scientiﬁc
disciplines we observe higher clustering, and lower values of
disassortativity. An extensive study including a higher number of categories could reveal interesting patterns. By ﬁltering out the “superusers” which have a very high centrality
over the global network, it is possible to identify the most
inﬂuential authors in a speciﬁc area.
The study presented in this paper oﬀers many directions
for further investigation. Recent studies have pointed out a
plateau eﬀect in the growth of Wikipedia, which after 2007
seems to have signiﬁcantly slowed down [34]; it would be interesting to inspect how the dynamics and the structure of
the network have evolved. Diﬀerent metrics could be used to
compute author contribution; for example, a measure based
only on new words added could help giving prominence to
the authors who provide new content. For a more complete comprehension of collaboration patterns, the coauthor
networks could be compared with the explicit interactions
between users in discussion pages. Finally, the bipartite network of authors and articles is a kind of folksonomy; it can
be studied as a precious source of emergent semantics, and
contrasted with the category graph. The fact that each wiki
page corresponds to an encyclopedic entry, and to an entity
in the Semantic Web3 , makes this perspective particularly
promising.
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