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Who Does What: Collaboration Patterns in the Wikipedia
and Their Impact on Article Quality

JUN LIU and SUDHA RAM, University of Arizona

The quality of Wikipedia articles is debatable. On the one hand, existing research indicates that not only
are people willing to contribute articles but the quality of these articles is close to that found in conventional
encyclopedias. On the other hand, the public has never stopped criticizing the quality of Wikipedia articles,
and critics never have trouble finding low-quality Wikipedia articles. Why do Wikipedia articles vary widely
in quality? We investigate the relationship between collaboration and Wikipedia article quality. We show
that the quality of Wikipedia articles is not only dependent on the different types of contributors but also on
how they collaborate. Based on an empirical study, we classify contributors based on their roles in editing
individual Wikipedia articles. We identify various patterns of collaboration based on the provenance or, more
specifically, who does what to Wikipedia articles. Our research helps identify collaboration patterns that are
preferable or detrimental for article quality, thus providing insights for designing tools and mechanisms to
improve the quality of Wikipedia articles.
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1. INTRODUCTION

Wikipedia is one of the most heralded success stories of peer collaboration. Free dis-
tribution, constant updates, and broad and diverse coverage have made it one of the
ten most visited Web sites on the Internet [Dondio and Barrett 2007]. Wikipedia has
been cited increasingly more often in the press as a source on historical facts and
figures [Lih 2004]. It has even been cited in court cases [Cohen 2007]. The ubiquity of
Wikipedia make the quality of Wikipedia a critical issue since Wikipedia can “act as a
megaphone, amplifying the (sometimes incorrect) conventional wisdom” [Rosenzweig
2006]. False and incorrect information can easily be propagated to millions of potential
readers world-wide.

Is Wikipedia indeed a reliable source of information? Although the everyone-can-
edit idea of Wikipedia seems “bizarre” [Stvilia et al. 2005] and sounds like “a recipe for
chaos” [Louridas 2006], researchers have found that the quality of Wikipedia articles
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to be surprisingly good. A much discussed article from Nature [Giles 2005] compares
Wikipedia with the Britannica Encyclopedia and argues that, despite its anarchical
function, the former comes close to the latter in terms of the accuracy of its sci-
ence entries. The surprisingly high quality of Wikipedia has spurred supporters to
hail it as a victory of the “wisdom of the crowds” [Kittur and Kraut 2008]. Critics of
Wikipedia, on the other hand, have never stopped attacking it since “no one officially
stands behind the authenticity and accuracy of any information in Wikipedia” [Denning
et al. 2005]. Indeed, there is sufficient evidence that makes it entirely reasonable to
question the quality of Wikipedia. For instance, Wikipedia is assigning quality grades
including Featured Articles, A-class, Good Articles, B-class, C-class, etc., to its arti-
cles. As of March 2010, only 2,777 out of a total of 2,994,903 articles on the English
Wikipedia are slated to be featured articles, articles that are “professional, outstanding,
and thorough” [Wikipedia 2010]. It is therefore unreasonable to simply assume that
Wikipedia is a completely reliable or unreliable. Wikipedia articles vary widely in qual-
ity. Many prior studies such as Lih [2004], McGuinness et al. [2006], and Wilkinson and
Huberman [2007] have proposed approaches to distinguishing high-quality articles
from the unreliable ones. Labeling articles with a quality grade undoubtedly helps
make their readers aware of low- or high-quality content. Nevertheless, more and more
people are using Wikipedia as an information source despite being aware of its unreli-
ability [Luyt et al. 2008]. Hence, the focus of research on Wikipedia quality should be
shifted to understanding why Wikipedia articles are different in quality and working
toward a more sophisticated solution to enhance Wikipedia article quality, since it is
increasingly becoming a major intellectual influence on many of its users.

Our research is therefore motivated by two questions: (1) Why are some Wikipedia
articles of high quality while others are not; and (2) how we can improve the quality of
Wikipedia articles? Several studies have attempted to find answers to the why ques-
tion. Wikipedia relies on the open-source model [Hendry et al. 2006]. It is thus tempt-
ing to draw parallels between Wikipedia and Open-Source Software (OSS) projects.
Researchers have attributed the success of many OOS projects to a balance between
“centralization” and “decentralization” [Gacek and Arief 2004]. Similarly, studies in-
cluding Kittur and Kraut [2008] and Ortega et al. [2008] proved that high-quality
Wikipedia articles rely on centralization, that is, the edits are concentrated within a
small group of core contributors, while researchers such as Lih [2004] and Wilkinson
and Huberman [2007] have proposed decentralization measures including “rigor” (total
number of edits made for the article) and “diversity” (total number of unique editors
for the article) as Wikipedia article quality indicators since “given enough eyeballs all
bugs are shallow” [Lih 2004]. A serious problem with these prior studies is the narrow
focus on “easily accessible aggregate data” [Kane and Fichman 2009] such as number
of edits. The fact that Wikipedia is easy to edit does not mean that all contributors edit
the same way, or with the same intensity. In a single edit, a contributor can insert a
number of sentences or just change a single word. Aware or not, most previous studies
treated the development of content on Wikipedia as a collaboration by a group of peo-
ple making homogeneous contributions. Almost none of them has delved deep into the
unique and often implicit collaborative processes behind the development of Wikipedia
articles. A lot of critical knowledge about contributors and their collaboration is con-
sequently lost in this simplification of collaboration in Wikipedia. As a result, while
these previous studies have begun shedding light on the why question, that is, why
Wikipedia articles vary widely in quality, they are not informative about quality de-
velopment of Wikipedia articles, in particular, the effects of collaboration on Wikipedia
article quality. Without a deeper understanding of collaboration in Wikipedia, they
have left the question of how we can improve the quality of Wikipedia articles largely
unanswered.
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Our research investigates what different roles a contributor can play for a given
Wikipedia article, how contributors assuming different roles collaborate, and what the
relationship is between the collaboration and Wikipedia article quality. Here, collab-
oration is defined as “the process of shared creation” [Schrage 1990]. Collaboration
behind the development of Wikipedia consists of various actions performed by differ-
ent contributors. There are existing studies that identify user roles in Wikipedia. For
instance, Anthony et al. [2009] showed that high-quality content in Wikipedia comes
from users playing two different roles, that is, zealots, registered users with a strong
interest in reputation and high level of participation and good Samaritans, unregis-
tered, anonymous, and occasional contributors. The authors classified the contributors
based on the assumption that the age or “survival ratio” [Adler and Alfaro 2007] of a
contribution indicates the quality of the contribution. Luyt et al. [2008], however, ques-
tioned the assumption by confirming the first-mover effect whereby material added by
early edits tends to stay longer. Our research is similar to Anthony et al. [2009] in that
we believe that the quality of a Wikipedia article depends to a large extent on who
the contributors are. However, we do not attempt to distinguish trustworthy contrib-
utors from unreliable ones since existing studies such as Luyt et al. [2008] suggested
that it is impossible to automatically do so based on the contributors’ previous con-
tributions. Instead, we identify the different roles a contributor can play for a specific
Wikipedia article based on her actions. Traditional research on collaborative writing
[Fitzgerald 1987; Ede and Lunsford 2001; Bracewell and Witte 2003] has proved that
different types of authors often display various patterns of revision. For instance, ex-
pert professional writers often first make more meaning-related revisions and then
change the style or other surface features, while less competent writers focused pri-
marily on surface changes [Fitzgerald 1987], implying that the pattern of revision and
the quality of writing are inherently related [Jones 2008]. Our research shows that
although the unique affordances of Wikipedia (e.g., virtually no barriers to entry) allow
a large number of volunteer contributors to contribute in a seemingly anarchic way,
the contributors still play various roles in collaboration, displaying different patterns
of actions. Our study also extends the prior studies that measured the concentration of
edits within the distribution of contributors. Given an article, we investigate whether
a type of action (e.g., sentence insertions) was concentrated within a group of contribu-
tors assuming a specific role. Based on this, we uncover implicit collaboration patterns,
each of which represents a unique way of collaboration in Wikipedia. Using statistical
tests, we demonstrate that the various collaboration patterns have different impacts
on article quality. Identifying collaboration patterns that are preferable or detrimental
for Wikipedia article quality helps provide insights into how we can devise tools and
mechanisms to improve the quality of Wikipedia articles.

The article proceeds as follows. In Section 2, we provide an overview of our research.
We describe the provenance of Wikipedia articles, in particular the various actions that
can be performed by contributors on each article, in Section 3. Using the provenance,
we then present the major findings of our research, including the roles, collaboration
patterns, and the relationship between collaboration patterns and article quality in
Sections 4, 5, and 6. In Section 7, we further validate our findings. This is followed
in Section 8 by a discussion on the implications of this study to enhance the quality
of Wikipedia articles. We conclude our article in Section 9 with a discussion of future
research.

2. RESEARCH OVERVIEW AND DATA COLLECTION

Figure 1 shows the theoretical framework that forms the foundation for this study.
The framework we propose is based upon the input-process-output model [McGrath
1984] that has been used widely in research on collaboration in both traditional groups
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Fig. 1. Overview of our research.

[Littlepage et al. 1995] and virtual teams [Pinsonneault and Caya 2005]. The fun-
damental logic underlying this framework is that team members playing different
roles (the input) produce different collaboration patterns in the process of developing
a Wikipedia article (the process), which in turn has an impact on the outcome of the
group collaboration, that is, the quality of the article in our case (the output). In our re-
search, we first identify various roles played by contributors for a given article. The role
of a contributor may vary from one article to another since a contributor has different
levels of expertise on different topics [Anthony et al. 2009], which makes our research
different from existing research such as Anthony et al. [2009] and Stvilia et al. [2008]
that investigated the type of individual contributors in the whole Wikipedia commu-
nity. The arrow from “contributor’s role for an article” to “collaboration patterns” shown
in Figure 1 does not represent a causal relationship. It indicates that we used the con-
tributors’ roles as inputs to uncover a number of collaboration patterns. We identify the
roles of contributors and collaboration patterns based on the provenance (defined in
the next section) of each Wikipedia article. We then examine the quality of the articles
to determine the impact of collaboration patterns on quality of the Wikipedia articles.
In the rest of this article, we discuss each of the components of our research in more
detail. Before that, we describe the sample dataset of articles we used to derive the
roles and collaboration patterns.

We took advantage of Wikipedia’s article assessment project, which has organized the
evaluation over 900,000 articles into various grades of quality. These quality ratings
range from lowest to highest and are termed Stub, Start, C-class, B-class, Good Arti-
cles (GA), A-class, and Featured Articles (FA). Wikipedia provides formal guidelines
for assessing the quality of Wikipedia articles. Consistent with Wang and Strong’s
multidimensional definition of data quality [Wang and Strong 1996], the Wikipedia
community views the quality of its articles as multidimensional. For instance, the Fea-
tured Article quality assessment criteria include: (1) well-written; (2) comprehensive;
(3) well-researched and verifiable by including references; (4) neutral; (5) stable, not
changing often; (6) compliance with Wikipedia style guidelines; (7) having appropri-
ate images with acceptable copyright status; and (8) having appropriate length and
focusing on the main topic. Obviously, measurement of these dimensions such as “well-
written,” “comprehensive,” or “well-researched” relies on the subjective perception of
individuals. As a result, it is difficult or even impossible to develop article quality mea-
sures that are perfectly objective and neutral. To increase the objectivity and neutrality
of the quality assessment, Wikipedia has developed different mechanisms that center
around two major themes: (1) relying on the consensus of a large number of reviewers,
and (2) constraining the influence of the significant contributors to the article. Two
levels, GA and FA, are assessments made “externally” by those who are not the sig-
nificant contributors to the article. Once an article has been nominated and posted on
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the FA candidate page, all editors can review the article, choose to support or oppose a
nomination according to the FA quality criteria, and provide their arguments. A con-
tributor to the article is allowed to give her opinions, but she must indicate if she has
been a significant contributor to the article. For a nomination to be promoted to FA
status, consensus among reviewers and nominators must be reached that it meets the
FA criteria. The FA director “Raul654” or one of his three delegates determine whether
there is consensus and have the final say. Similarly, a GA candidate can be promoted to
the GA status after it has been reviewed and approved by reviewers based on the GA
quality criteria. While any registered editor can nominate an article as a GA candidate,
a GA candidate cannot be reviewed by a user who is the nominator or who has made
significant contributions to the article. The quality assessments of articles for the other
levels (e.g., B-class or C-class articles) are performed by members of WikiProjects. A
WikiProject manages a specific topic or family of topics within Wikipedia. It is composed
of a collection of articles and a number of editors who collaborate on these articles. To
assign a quality grade to an article, a project needs to reach a consensus. Contributors
who contribute a lot of content to an article are normally excluded from the assess-
ment of the article. An existing study [Kittur and Kraut 2008] has tested the validity
of the Wikipedia quality ratings by requesting external raters to rate the quality of a
number of articles. The article ratings from external raters and the Wikipedia quality
ratings are significantly correlated (Spearman’ rho = .54, p < .001). Hence, we believe
that the Wikipedia quality ratings, though not guaranteed to be completely objective
and neutral, are critical indicators of Wikipedia article quality. With the intention to
study the relationship between collaboration and the quality of Wikipedia articles, we
selected an equal number of articles of different Wikipedia designated quality levels.
As of March 2010, of the over 3 million Wikipedia articles, 2,777 articles are cate-
gorized as featured articles (FA) by Wikipedia’s quality assessment teams. An addi-
tional 8,247 are listed as good articles (GA). There are also 73,226 B-class articles and
55,021 C-class articles. We collected a sample of 1600 articles including 400 featured
articles, 400 good articles, 400 B-class, articles, and 400 C-class articles from the En-
glish Wikipedia in March 2010. We did not select articles with the “stub” or “start”
status since it is not that meaningful to study the collaboration in the articles that are
stubs or were just created. The Wikipedia quality grades also include A-class repre-
senting a transitional status between good articles and featured articles. However, only
647 A-class articles appear on Wikipedia, and they are concentrated in a few domains
such as military history. Hence, we did not include A-class articles in our sample. We
recognize that specific topic areas or domains may impact articles’ quality. For exam-
ple, empirical studies that compared Wikipedia with other encyclopedias found that
Wikipedia is quite reliable when it comes to science topics [Giles 2005] while history
articles in Wikipedia were found to be less accurate than those in other encyclopedias
[Rector 2008]. To control for the effects of topic areas, we collected articles from various
Wikipedia topics using a stratified sampling approach. We started our data sampling
with featured articles. The English Wikipedia has classified a total of 2,777 featured
articles into 31 mutually exclusive categories including biology, law, politics and gov-
ernment, etc. The number of featured articles we randomly selected from each category
is in rough proportion to the number of featured articles in the category. As an example,
we randomly selected 6 featured articles from the domain of law since 39 of the 2,777
feature articles are law articles. We then randomly selected the same number of good
articles (GA), B-class, and C-class articles from the same domain. If a featured article
we sampled belonged to a WikiProject, we randomly selected a GA, a B-class, and a
C-class article from the same project. If it was not part of a specific project, we identified
a WikiProject in the domain and then randomly selected a GA, a B-class, and a C-class
article from the project. In this way, we ensured that the quality assessments of the
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Table |. Definition of Actions that Affect a Wikipedia Article

Type of actions Explanation

Sentence insertion Insertion of a sentence

Sentence modification Modification or rewording of an existing sentence

Sentence deletion Deletion of a sentence

Link insertion Linking of a word within an existing sentence to an article (a link
to another Wikipedia article or to external Internet articles)

Link modification Modification of an existing link (can be a change of the URL or the
name of the link)

Link deletion Deletion of an existing link

Reference insertion Adding a reference or creation of an inline citation

Reference modification Modification of an existing reference

Reference deletion Deletion of a reference

Revert Reverting an article to a former version

sampled articles represent the consensus of different WikiProjects. For the purposes of
tracking specific actions a contributor performed on an article, we extracted the vari-
ous versions of each article. Since we attempted to study the impact of collaboration on
article quality, we collected only the versions of an article from its creation to the time
point at which the article was assigned its current quality grade. We also noticed that
when editing an article, contributors often saved intermediate results, thus perform-
ing multiple consecutive edits. Hence, before processing the versions, we filtered them,
keeping only the last of consecutive versions by the same contributor. We also did not
include the version from the edits that were later reverted.

3. DATA PROVENANCE OF WIKIPEDIA ARTICLES

Data provenance refers to the source and processing history of data. We tracked and
used the provenance of Wikipedia articles. In our previous research [Ram and Liu
2007], we defined the concept of provenance using the W7 model. We employ a subset
of this model by tracking who does what, that is, every action performed by each con-
tributor that affects the life of a Wikipedia article from its creation to the present time.
We built on Pfeil et al.’s categorization [Pfeil et al. 2006] and developed our classifi-
cation of actions. Pfeil et al. [2006] defined the following categories: add information,
clarify information, delete information, add link, fix link, delete link, format, grammar,
mark-up language, style/typography, spelling, reversion, and vandalism. While this
detailed categorization is useful for understanding the Wikipedia editing process, it
was impossible to automatically identify some of the actions. For example, it is diffi-
cult to determine that a specific action entails “clarify information.” Hence, we use a
high-level category called “sentence modification” to represent the clarification, gram-
mar, and spelling change that affects a sentence. We added three categories including
reference creation, modification, and deletion. These reference-related actions can be
automatically identified and are crucial for Wikipedia article quality. Table I summa-
rizes the various actions that can affect the life of a Wikipedia article from its creation
to the present time. Our categorization of actions is similar to the one described in
Arazy et al. [2010]. “Sentence creation” in our categorization corresponds to “add” in
Arazy et al. [2010], “sentence modification” to “proofread,” and “sentence deletion” to
“delete.” A major difference between our categorization and Arazy et al’s is that we
added “reference insertion/modification/deletion” as separate categories in addition to
actions related to links because having a sufficient number of references is an impor-
tant quality indicator. One of Wikipedia quality criteria states that an article needs
to be “supported by inline citations where appropriate.” Moreover, adding references
and adding links appear to have different knowledge requirements. As will later be
discussed, we found that references or inline citations are usually added by the con-
tributors who inserted the sentence while other contributors often did not bother or

ACM Transactions on Management Information Systems, Vol. 2, No. 2, Article 11, Publication date: June 2011.



Who Does What: Collaboration Patterns in the Wikipedia and Their Impact on Article Quality 11:7

were unable to add references. Links are different. Contributors can add links to a sen-
tence even when they are unaware of the source of the sentence. To track and harvest
the various actions performed by each contributor on article, we compared different
versions of the article based an algorithm proposed in Adler and Alfaro [2007]. Our
research goes one step further than Pfeil et al. [2006] and Ehmann et al. [2008] and
takes the size of a contribution into consideration by determining the actions at the
granularity of sentences. Inserting a large number of sentences or just one sentence
will obviously have different impacts on a Wikipedia article, though both of them would
be categorized as “add information” according to Pfeil et al. [2006]. In our approach,
each contribution or edit made by a contributor may include not only different types of
actions but a number of actions of the same type (e.g., a contributor can perform five
sentence insertions and three sentence modifications in a single edit).

4. IDENTIFICATION OF CONTRIBUTOR ROLES IN WIKIPEDIA

Identifying the roles played by each contributor helps us understand the sources of
quality variance in Wikipedia. We classify Wikipedia contributors based on clustering
their actions performed on specific article. To do this, we employ the K-means clustering
technique.

(1) Inputs to clustering:

If we use P = {p1, p2, ..., pu} to represent a set of Wikipedia articles and E; =
{ei1, eia, ..., eim}, to represent a set of contributors who have contributed to an article
pi € P, then we model the actions performed by a contributor e;; on the article p; as a
vector

—_—

_ |1 T 2 T 10 T
aCteij'Pi - (aeij»pi eij,pi’ eij.Di aeij,pi’ crt Yy pi eij»pi)’ (1

wherea, ,.a2 .. ....q)
Table I) performed by the contributor e;; to a given article p;, and ag;, _p; Tepresents the
total number of actions performed by the contributor to the article. We counted the
numbers of different types of actions performed by a contributor on a specific page and
then normalized them by dividing them by the total number of actions performed by
the contributor on the page. The inputs to clustering thus include m x n such vectors,
each of which includes the normalized number of different types of actions performed
by a contributor on a specific page. Although we do not attempt to determine the
quality of each action since it seems impossible to automatically do so according to Luyt
et al. [2008], we do take the survival of the actions into consideration. We do not count
actions that were reverted or deleted within the next five edits.

The 1600 sample articles contain a total of 824,738 such vectors. We also noticed
that 82.74% of contributors had less than 4 actions for a given article. We categorized
these contributors as casual contributors for the article and did not include them in
clustering. As a result, the data used for clustering include 142,329 vectors.

(2) Repeated K-means algorithm:

Since we intended to identify mutually exclusive roles played by contributors for a
specific article, we used the widely used K-means algorithm as the base method to
partition the input vectors. A well-known disadvantage of K-means is that it requires
the number of clusters, k&, to be specified a priori. To address this problem, we applied
the K-means method repeatedly using %k values ranging from 2 to 10. Here, we set 10
as the maximum k value to avoid a trivial classification of roles. For each % value, we
first evaluated the quality of the clustering results using evaluation functions proposed
in He et al. [2004], that is, cluster compactness (Cmp), cluster separation (Sep), and
combined measure of overall cluster quality (Ocq), to evaluate both the intracluster

represent the number of each of the 10 types of actions (see
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Table 1l. Summary of Contributors

Cluster
Number Size Description of actions by contributors Role Label
1 31,236 | Engaging in many types of actions including sentence creations, | All-round
(21.9%) | modifications, and deletions and link and reference creations, | Contributors
modifications and deletions.
2 6,574 Focusing on reverts. Watchdogs
(4.6%)
3 13,062 Focusing on sentence creations and seldom engaging in other | Starters
(9.2%) | actions.
4 40,717 Focusing on three types of actions: sentence creations, link cre- | Content Jus-
(28.6%) | ations and reference creations. tifiers
5 36,703 | Focusing on sentence modifications Copy Editors
(25.8%)
6 14,037 Focusing on removing sentences, references and links Cleaners
(9.9%)

homogeneity and intercluster separation of the clustering result. The definitions of
these functions are given next.

Cmp = % Zf 5&), where C is the number of clusters generated on the dataset X, v(c;)

is the deviation of the cluster ¢; and v(X) is the deviation of the dataset X. v(X) =
\/ % Zfi 1 d%(x;, x), where d() is a distance measure between two vectors, N is the number

of members in X, and X is the mean of X.
(% %)
_ 1 c c cj X . .
Sep = 555 Yi—1 21,2 €XP(——5-z~), where C is the number of clusters, o is a

Gaussian constant, x., is the centroid of the cluster ¢;, and d(x., x.) is the distance
between the centroid of ¢; and the centroid of c;.

Ocqg = 0.5 x Cmp + 0.5 x Sep. The lower the Ocq value, the better quality of the
overall output clusters.

In our study, 6 was the optimal number of clusters generated from the dataset because
Ocq had the lowest value at k = 6. Table II shows a summary of the six clusters that
were generated. Each cluster includes a number of vectors, each of which represents
a contributor’s actions on a specific article. Figure 2 represents the centroid of each of
the six clusters, which conspicuously indicates that contributors belonging to different
clusters play different roles for a given article by focusing on certain types of actions.
For instance, on average, 86.60% of actions performed by contributors that belong to
cluster 2 are reverts. 72.19% of actions performed by those belong to cluster 3 are
sentence insertions. There are also contributors, such as those belonging to cluster 1,
who are more all-round contributors and performed various actions.

We assigned a role label to each of these clusters to designate the role played by
the contributors for an article. Given a specific article, we categorized the contribu-
tors whose action vectors belong to cluster 1 as all-round contributors since they were
engaged in almost all types of actions. Contributors with vectors in cluster 2 were
labeled as watchdogs since most of the actions they performed were reverts. Cluster 3
includes the vectors of contributors who created sentences while seldom engaging in
other actions, and these contributors were hence called starters. Contributors whose
vectors belong to cluster 4, on the other hand, not only created sentences, but justified
them with links and references. They were therefore classified as content justifiers.
Cluster 4 includes the vectors of copyeditors who contributed primarily through mod-
ifying existing sentences. Finally, those who primarily focused on removing incorrect
sentences, references, and links were termed cleaners. Thus, a contributor for a given
Wikipedia article could assume one of these six roles or could be a casual contributor. A
contributor can play different roles for different articles. As shown in Table II, a large

ACM Transactions on Management Information Systems, Vol. 2, No. 2, Article 11, Publication date: June 2011.



Who Does What: Collaboration Patterns in the Wikipedia and Their Impact on Article Quality 11:9

]
B3
3
0 = -
S & RN
O PO &
&P ¥ c,& P PP ®
N “\S’\(\&Rxb"(‘f" g
(\(’q,/ o (@ éx/&o Q&{\(‘&/&O \(&
& e/ & 57 Vs VY
7 T () Q&
& & >
FE 9
1
Cluster 1 (All-round Contributors) Cluster 2 (Watchdogs)
0.8 0.
0.7 0.4E
0.6 o2
02 0023 ]
03 53 -
0.2 0.15 -
0.1 0.1
0 0.0 -
L L LCE L LSS &R
ST SIS S S S
s&g&q’ ¥ e&g&’b ¥ «-,Q'é.'g\@ ¥ ¢ S o o i S 4‘?5&
T EF TS Y L8 L F N L F S o8
&/@o Q&z:&g‘l\/&o Qg,{\‘s{./ 0.\&(-/ (\5 b\g\ (5 (\" b\g\ b@ \(\"’ N b@
& 27 & 57 Ve v e’ O @/ &) P & O
NN E N ¢ @/ E LTI
F &9 e & o0 & A
S NS &
o & & F v
g
Cluster 3 (Starters) Cluster 4 (Content Justifiers)
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
0.3 03
0.2 02 —
01 01
o A B m 2 mEmm 0
&\oo & bo“&é‘ & _k\o"\(;\o"\ S & &(‘- &oo _»@"‘ Qo°&o° -L\°° i}o‘\&o‘\ S \\Qg&
PR NP A PR - ORI R ONPR P SR P R
_\(\l—,&(\ 6?4'\‘\66& z\g;&\\ & ‘\(\56\‘\\ e\({—,&g\ z,\(@&(\ 2
RIS N e S ETE (Fo I O
& (27 &8 &7 & & 2l E &7 V&7
&£ & F <K X & L < S
69& S
Cluster 5 (Copy Editors) Cluster 6 (Cleaners)

Fig. 2. Centroids of clusters.

percentage (more than 75%) of the contributors for a given article are either all-round
editors, content justifiers, or copyeditors while there are fewer starters, cleaners, and
watchdogs.

5. IDENTIFICATION OF COLLABORATION PATTERNS

As the next step, we wanted to investigate how contributors assuming different roles
implicitly collaborate with each other on each Wikipedia article. For instance, there
may be Wikipedia articles where starters create a large chunk of text and then copyed-
itors are relied upon to modify it; or articles where all-round contributors form a core
group that insert much of the content and then continuously modify their own and
other people’s insertions. We attempted to identify collaboration patterns among the
contributors with different roles. We used clustering to group Wikipedia articles based
on roles and actions performed by contributors on these articles.
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Table IlI. Description of Clusters and Their Corresponding Collaboration Patterns

Cluster Number of
Number Articles Collaboration pattern description
1 330 Content justifiers dominated in sentence insertions (account for 72% of

sentence insertions), reference insertions (68%), and link insertions (81%).
They also made Casual contributors played an important role in sentence,
link and reference modifications (30%, 24%, and 23% respectively).

2 361 Three types of contributors made a large percentage of sentence insertions.
All-round contributors conducted 45% of sentence insertions. Starters per-
formed 32% of sentence insertions. Content justifiers also made 21% of
sentence insertions. All-round contributors played an important role in
other actions. They made 49% of sentence modifications, 66% of sentence
deletions and 68% of reference insertions, 47% of reference modifications,
69% of reference deletions, 35% of link insertions, 35% of link modifica-
tions, and 42% of link deletions.

3 296 Compared with other clusters, casual contributors played a more important
role. Casual contributors contributed 42% of sentence insertions and 55%
of sentence modifications. They also conducted many reference insertions
and modifications (56% and 51% respectively). Cleaners carried out 58% of
sentence deletions and 52% of link deletions. Content justifiers made 25%
of sentence insertions and 28% of reference insertions. Starters also made
21% of sentence insertions.

4 351 All-round contributors dominated. They made 75% of sentence insertions,
59% of sentence modifications, 79% of sentence deletions, 88% of reference
insertions, 56% reference modifications, 83% reference deletions, 68% of
link insertions, 52% link modifications and 63% link deletions.

5 262 Starters dominate sentence insertions (58%). Causal contributors played
important roles in sentence modifications (37%). They are also responsi-
ble for 17% of reference insertions and 24% of link insertions. All-round
contributors made 36% of reference insertions.

Note: It is to be noted that watchdogs performed most of the reverts (at least 78%) for pages in all of
the clusters. Also, copyeditors made 20%—22% percent of sentence modifications for articles in all of these
clusters.

We used the 1600 sample articles described previously in our dataset. We identified
the collaboration pattern of an article by examining what actions were performed by
whom. If we use P = {p1, p2, ..., Dn} to represent a set of Wikipedia articles, the col-
laboration among contributors with different roles for the article p; € P is represented
as a vector

—
coly, = ay, Jan ). j=1.10,k=1.7, (2)

where ag_'j, J = 1..10, represents the total number of one type of action (e.g., sentence
insertion) that affected an article p;, and aI’f,ivj, k = 1..7, the total number of one type

of action (e.g., sentence creation) performed by one type of contributor (e.g., all-round
contributors) to the article. In essence, for each type of action that affected an article,
we tracked what percentage of this action was made by each type of contributor (e.g.,
starters, all-round contributors, etc.). We constructed the vectors for all of the selected
1600 articles and used them as input to the repeated K-means clustering algorithm
described in Section 4. Once again, we set %k, the number of clusters, to vary from 2 to
10. The repeated K-means algorithm resulted in 5 as the optimal number of clusters.
Table III shows the characteristics of the 5 clusters, and each cluster represents a
collaboration pattern. Each article is thus assigned a collaboration pattern.

6. RELATIONSHIP BETWEEN COLLABORATION PATTERNS AND ARTICLE QUALITY

Next, we examined the quality of articles in each cluster described in Table III. We
examined the correlation between the Wikipedia designated quality grade and the
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Fig. 3. Quality of articles belonging to different clusters.

collaboration pattern for each article in each cluster. The quality of articles that be-
long to different clusters is shown in Figure 3. The collaboration patterns and arti-
cle quality are significantly correlated (Kendall’s Tau-c = .43, p < .001, Spearman’s
rho = .49, p < .001). For instance, articles that belong to cluster 4 (where all-round
editors dominated) are often of high quality with 52.9% of them being designated as
featured articles and 31.2% as good articles by Wikipedia. Articles that belong to clus-
ter 1 are also of relatively high quality. 32.2% of them are featured articles and 33.5%
are good articles. Articles that belong to cluster 2 where all-round contributors, content
justifiers, and starters all made a large percentage of sentence insertions are diverse
in quality. The quality of articles in cluster 3 (where casual contributors played a domi-
nant role) and in cluster 5 (where starters dominated sentence creations), on the other
hand, is often questionable.

Determining the impact of collaboration patterns on article quality requires us to
control the effects of exogenous factors. We controlled for five factors: (1) number of
edits; (2) number of unique editors; (3) article age; (4) article length; and (5) number
of unique administrators. The number of unique contributors who have contributed to
the article and the number of edits the article went through have long been considered
to be determinants of Wikipedia article quality in existing research. We also control
for the age of articles. The quality of a Wikipedia article improves gradually. The age
of an article thus reflects the article’s maturity and can be associated with quality. We
operationalized article age by counting the number of days from its creation to the date
it was assigned the current quality grade. The article length may also be an indicator
of Wikipedia article quality. It has been found that article length is a good predictor of
whether an article will be a featured article [Blumenstock 2008]. We operationalized
article length by counting the number of words in each article. To address the concern
that administrators may have an influence over which articles get selected as Featured
Articles or receive high ratings, we controlled for the number of unique administrators
who have contributed to the articles. As shown in Table IV, we compare articles display-
ing different collaboration patterns along the different control variables. As expected,
the articles that belong to cluster 4 where all-round contributors dominated have a
larger number of unique administrators than articles in other clusters since a large
percentage (30.8%) of all-round contributors are administrators in the Wikipedia com-
munity. They also have a slightly larger average number of edits and unique editors
than other articles. These articles, however, on average have shorter article age. That
is probably because we operationalized article age as the number of days from the
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Table I1V. Comparison of Articles in Different Clusters along Control Variables

Number of
Number of Number of unique
Collaboration edits unique editors Article Age Article length administrators
Pattern Mean | Std. | Mean | Std. Mean Std. Mean Std. | Mean Std.
Cluster 1 474.7 | 4404 | 324.2 | 294.0 | 2196.3 | 630.3 | 2293.7 | 1260.1 | 37.8 35.4
Cluster 2 477.8 | 311.8 | 321.1 | 208.1 | 2398.5 | 542.4 | 1713.5 954.7 | 34.0 26.1
Cluster 3 436.3 | 304.4 | 3139 | 212.7 | 2317.9 | 570.6 | 1546.3 | 12884 | 31.5 26.8
Cluster 4 479.3 | 286.4 | 331.2 | 286.4 | 2065.3 | 564.9 | 2194.9 | 1027.7 | 45.7 24.9
Cluster 5 474.7 | 440.4 | 324.2 | 293.9 | 2256.1 | 459.5 | 1284.1 844.3 | 29.9 21.9
Overall 469.3 | 352.4 | 323.1 | 257.8 | 22455 | 552.9 | 1813.4 | 1059.0 | 36.1 26.7
Table V. Correlation between Variables

Variable CP NUE | NE AA AL NUA | AQ
Collaboration Pattern (CP) 1
Number of unique editors (NUE) 0.089* | 1
Number of edits (NE) 0.124* | 0.986* | 1
Article age (AA) —-0.128* | -0.055 | -0.076 1
Article length (AL) 0.364* | 0.222* | 0.250* | -0.186* | 1
Number of unique administrators (NUA) | 0.241* | 0.830* | 0.834* | -0.115* | 0.301* | 1
Article Quality (AQ) 0.495* | 0.135% | 0.226* | —0.078 | 0.427* [ 0.226% | 1

*Correlation is significant at the 0.01 level.

creation of an article to the date the article was assigned its current quality grade.
Many articles that belong to cluster 4 are FAs or GAs, and these articles obtained their
FA or GA status often earlier in their lifetime, which suggests that article age may not
be a good indicator of article quality.

To assess the impact of collaboration patterns on article quality when controlling for
the confounding variables, we used Multinomial Logistic Regression (MLR), a statisti-
cal model used to determine the dependence of a nominal variable on one or more pre-
dictor variables. The dependent variable, article quality, was recorded as a 4-category
variable: C-class (recorded as “1”), B-class (“2”), GA (“3”), and FA (“4”). The predictor
or independent variables include collaboration pattern and the control variables. We
used a scale from 1 to 5 to represent the various collaboration patterns that are asso-
ciated with articles of different quality with 5 representing the collaboration pattern
of articles in cluster 4 that on average have the highest quality and 1 the collaboration
pattern of articles in cluster 5 that have the lowest quality.

Table V describes the correlations between different variables (including article qual-
ity, collaboration pattern, and the control variables) we used in the MLR model. Since
some of these variables including collaboration pattern and article quality are categor-
ical, we used Spearman’s rank correlation coefficient (Spearman’ rho) to indicate the
correlations between these variables. As shown in Table V, only weak correlations exist
between collaboration pattern and the control variables including number of unique
editors and number of edits (0.089 and 0.124, respectively), but we still included them
in the MLR model since the correlation is statistically significant at p < 0.01. The two
control variables that are moderately correlated with collaboration pattern include
number of unique administrators (0.241) and article length (0.364). Article length is
more correlated with article quality than number of unique administrators (0.427 and
0.226, respectively). The only control variable we did not include in the MLR model is
article age since the correlation between article age and article quality is insignificant
(-0.078), and there exists only a weak negative correlation between article age and
collaboration pattern (—0.128). The correlation between number of unique editors and
number of edits is extremely high (0.98). Due to multicollinearity concerns, we were
not able to include both controls in the same model. Hence, we tested the model twice,
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Table VI. Model Fitting Information for the MLR Models (the link function is logit)

The chi-square test for goodness-of-fit
Model =555 Tikelhood in--2 log likelihood final[Chi-square |Degree of|Significance
tercept only model freedom
Model 1]2778 2220 558.0 21 .00
Model 2[2778 2293 486.5 21 .00
Pseudo R-square
Cox and Snell R? Nagelkerke R?
Model 1[.427 455
Model 2[.385 410

Table VII. Likelihood Ratio Tests for Individual Effect in the MLR Models

—2 Log Likelihood of Likelihood Ratio Tests
Model Variable reduced Model Chi-Square? | Degree of freedom | Sig.
Model 1 | Intercept 2292 .000 0
Article length 2335 43.52 3 .000
Number of unique editors 2327 35.40 3 .000
Number of unique administrators 2374 82.29 3 .000
Collaboration Pattern 2470 178.47 12 .000
Model 2 | Intercept 2220 .000 0
Article Iength 2265 45.02 3 .000
Number of unique edits 2327 96.91 3 .000
Number of unique administrators 2398 106.26 3 .000
Collaboration Pattern 2452 166.00 12 .000

Note: 2The chi-square statistic is the difference in —2 log-likelihoods between the final model and a reduced
model. The reduced model is formed by omitting an effect from the final model. The null hypothesis is that
all parameters of that effect are 0. This reduced model is equivalent to the final model because omitting the
effect does not increase the degrees of freedom.

alternating between number of unique editors and number of edits. We named the
model with number of unique editors as one of the independent variables Model 1, and
the model that includes number of edits as Model 2.

The model fitting information for the MLR models is shown in Table VI. In assessing
the overall model fit, the goodness-of-fit measure compared the predicted probabilities
to the observed probabilities. Smaller values of the —2 log likelihood measure indicated
better model fit [Hair et al. 1998]. Table VI presents a good model fit of Model 1 on the
basis of variables including collaboration patterns, number of editors, article length,
and number of unique administrators (x2 = 558.0, p < 0.01), which indicates that the
MLR model adequately describes the quality difference of the articles. The resulting
model accounted for a significant amount of variance (Cox and Snell R? = 0.427 and
Nagelkerke R% = 0.455). The results also indicate a goodness of fit for Model 2.

Likelihood ratio tests on each of the independent variables shown in Table VII re-
vealed that collaboration pattern contributed significantly to both models when con-
founding factors including number of edits, number of unique editors, number of unique
administrators, and article length are controlled. As expected, number of unique ad-
ministrators is a quality indicator since administrators are the editors that have a good
track record of contributions. The likelihood ratio tests show that collaboration pattern
has a significant impact on article quality when we controlled the variable number
of unique administrators. Article length has been proved to be an indicator of article
quality. Number of unique editors and number of edits also have a significant effect
on Wikipedia articles. The idea that more edits made by more editors lead to higher
article quality is in general true. However, the path to quality improvement may differ
from one article to another. The change of the chi-square statistics shown in Table VII
indicates that collaboration pattern is a distinctive factor that makes a more significant
impact on the quality of Wikipedia articles.
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Table VIIl. Summary of the Domain Samples

Avg. number of]
Domain FA GA B-class C-class  |Avg. number of edits editors
Geosciences |53 66 289 122 275 194
Computing [13 37 593 131 484 277
Politics 217 423 328 302 352 228
All-round Content |Copy Rand
Contributors [Watchdogs |Starters Justifiers |Editor Cleaners Statistic?®
Geosciences (25.7% 4.7% 11.7% 23.5% 22.6% 11.8% 0.901
Computing [17.9% 5.0% 12.4% 24.5% 31.5% 8.7% 0.854
Politics 25.6% 6.7% 11.3% 20.5% 28.6% 7.3% 0.890
Spearman’s
Cluster 1  |Cluster 2 Cluster 3 | Cluster 4 |Cluster 5 |rho® Sig.
Geosciences |56 77 222 46 129 0.30 0.000
(10.6%) (14.5%) (41.9%) (8.7%) (24.3%)
Computing |71 86 343 12 262 0.22 0.000
(9.2%) (11.1%) (44.3%) (1.6%) (33.9%)
Politics 211 191 372 196 300 0.27 0.000
(16.6%) (15.0%) (29.3%) (15.4%)  |(23.6%)

Note: 2The Rand statistic represents the level of agreement between two classifications of contributors. *The
Spearman’s rho measures the correlation between the collaboration pattern and the Wikipedia designated
quality grade.

7. FURTHER VALIDATIONS

A distinguishing feature of our study, compared with prior research such as Ehmann
et al. [2008] that has examined the collaborative process which builds articles, is the
significantly larger sample size of articles. Using the stratified sampling method to
select 1,600 articles from different domains, we believe the findings of this study to be
generalizable to Wikipedia as a whole. Here, we further validated the robustness of
our findings in two different ways.

7.1. A Multiple Sample Validation

We first validated our findings using different samples from three domains including
geosciences, computing, and politics. Each of these samples includes all featured ar-
ticles (FA), good articles, (GA), B-class articles and C-class articles, except those with
less than 50 unique editors or less than 100 edits. Articles in these three domains
are different in quality, average number of edits, and unique editor (See Table VIII).
Although often deemed controversial and less reliable [Korfiatis et al. 2006], politics
articles on average are of surprisingly high quality. In comparison, computing articles
have a larger number of edits and larger number of unique editors but lower quality.
To validate the roles we identified, we employed K-means clustering to cluster the
contributors working on a given article that belong to each of the three domains into
six clusters. For the purpose of determining if the six roles we identified in Section 4
are consistent across different domains, we adopted the cluster validation method
proposed in Tibshirani and Walther [2005] to determine if the same set of roles can be
assigned to the clusters. Our method consists of three steps. First, based on the cluster
results using articles in one domain (e.g., computing), we obtained a classification C
that comprises six clusters of contributors who worked on a given article in the domain.
Second, the centroids (i.e., the centers of clusters) resulting from the repeated K-means
performed on the 1,600 sample articles were used to obtain a classification D that also
comprises six clusters of contributors who performed actions on articles in one domain
(e.g., computing). We assigned a contributor who worked on an article in the domain
to a cluster if the vector representing the contributor’s actions on the article has the
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shortest Euclidean distance to the centroid of the clusters. Third, in order to determine
the consistency of the roles across domains, we assessed the concordance between
the two classifications, C and D, using the Rand statistic [Rand 1971], a metric that
reflects the proportion of classification agreement between two classifications of the
same objects, examining all pair-wise comparisons of objects. This metric ranges from 0
to 1 with 1 indicating perfect agreement. The Rand statistic values for articles sampled
from the domain of geosciences, computing, and politics are, respectively, 0.901, 0.854,
and 0.890, which leads us to claim that the roles identified in our study are consistent
across these domains. We assigned the role labels described in Section 4 each cluster
in C. As shown in Table VIII, computing articles have a lower percentage of all-round
contributors (17.9%) than articles belonging to the other two domains, which may help
explain why computing articles are in general of lower quality.

Next, we attempted to validate if the collaboration patterns that we identified in
Section 5 were correlated with quality for articles that belonging to these three domains.
Again, we used the centroids resulting from the clustering described in Section 5 to
assign a collaboration pattern to each of the articles in the three domains. As shown in
Table VIII, the collaboration patterns and quality of the article in the three domains
are significantly correlated. For instance, 15.4% of politics articles belong to cluster
4 where all-round contributors dominated, while only 1.6% of computing articles and
8.7% of geosciences articles belong to cluster 4. It is hence not surprising that politics
articles have a higher percentage of featured or good articles than those belonging to the
other two domains. We also conducted the Multinomial Logistic Regression (MLR) with
article quality as dependent variable and collaboration pattern and number of unique
editors (or number of edits) as independent variables. The MLR analysis indicated that
collaboration patterns have significant impact on the quality of articles belonging to
different domains. Hence, our results are not dependent on the domain; rather, they
generalize across domains in Wikipedia.

7.2. Validation Using Articles with External Quality Measures

To address the concern that editors may influence the rating of their own articles
[Arazy and Nov 2009], we validated our model on an alternative dataset that employed
external measures of article quality. We used the dataset that was obtained from an
unpublished survey [Press 2006] advertised at the AISWorld mailing list (operated by
the Association for Information Systems and serving information systems researchers)
and was used in Arazy and Nov [2009]. It is to be noted that in this dataset, the external
ratings were obtained from a small number of reviewers. Therefore they may not be as
reliable as the Wikipedia ratings that are based on a large number of reviewers.

In the AISWorld survey, fifty scholars answering an advertisement rated the accu-
racy and completeness of 50 Wikipedia articles of their choice (the topic of these articles
was science and technology) on a 5-point Likert scale. For each article, we took the sum
of the accuracy and completeness measures. We noticed that the distribution of the sum
of the accuracy and complete measures of the articles is highly skewed. For instance,
only seven articles have a sum that is less than 5. We hence recorded the quality of
these articles as a 4-category variable: “1” if the sum of the accuracy and completeness
of an article is smaller than 5, “2” if the sum is 5 or 6, “3” if the sum is 7 or 8, and
“4” if the sum is 9 or 10. We assigned a role to each contributor working on an article
in the dataset using the centroids resulting from the repeated K-means performed on
the 1,600 sample articles. We then used the centroids resulting from the clustering de-
scribed in Section 5 to assign a collaboration pattern to each of the 50 articles. Again,
we used a scale from 1 to 5 to represent the various collaboration patterns that are
associated with articles of different quality with 5 representing the collaboration pat-
tern of articles in cluster 4 and 1 the collaboration pattern of articles in cluster 5. We
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Fig. 4. Quality of the sampled articles belonging to different clusters.

found that the collaboration patterns and quality of the articles are significantly cor-
related (Spearman’s = 0.428, p < 0.001). Figure 4 shows the relationship between the
collaboration patterns and the quality grades of the 50 articles. As shown in Figure 4,
a majority of articles that belong to cluster 3 where casual contributors played an im-
portant role are of low quality, while articles that belong to cluster 4, cluster 1, and
cluster 2 are of better quality. It is noteworthy that there are more articles in cluster 3
and cluster 2 than those in other clusters. One possible reason may be that when the
survey was conducted in 2006, many of the sampled articles were still in the early
stage of their development, and articles in the early stage may tend to display certain
collaboration patterns, which suggests that the collaboration pattern of an article may
evolve over time, a possibility that merits future research.

8. IMPLICATIONS

Our research helps answer the question why Wikipedia articles vary in quality. It
points to a new direction toward understanding the factors driving Wikipedia article
quality: Article quality depends on different types of contributors, that is, the roles they
play, and the way they collaborate. Currently, the Wikipedia community is manually
assigning quality grades including FA, GA, B-class, C-class, etc., to Wikipedia arti-
cles. The sheer size of Wikipedia (over three million entries in the English Wikipedia
currently) makes assigning and maintaining the quality grades a strenuous task. The
statistical tests described in Section 6 have demonstrated that the collaboration pat-
terns identified in our research are effective in determining Wikipedia article quality.
More than 84% of articles that belong to cluster 4 where all-round contributors domi-
nated are featured or good articles. More than 83% of articles in cluster 5 where starters
dominated sentence insertions and more than 73% of articles that belonged to cluster 3
where casual contributors played an important role are B-class or C-class articles.
Based on collaboration patterns and other metrics such as number of edits and unique
editors, Wikipedia members can assign a preliminary quality rating to each article.
They can then focus more attention on the ones (e.g., articles that belong to cluster 2)
whose collaboration pattern does not clearly indicate their quality.

Our research is also intended to provide insights into Aow we can improve the qual-
ity of Wikipedia articles. Providing answers to the how question requires us first to
investigate why different collaboration patterns impact article quality differently. It is
thus worth further studying the characteristics of different patterns and their impact
on article quality. Here, we compare articles that belong to the clusters in terms of
two variables: number of references and modification ratio. According to Wikipedia,
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Fig. 5. Average number of references of articles that belong to different clusters.

featured and good Wikipedia articles must be verifiable against reliable sources and
be supported by references to all sources of information. A sufficient number of refer-
ences are thus a crucial prerequisite for high-quality articles. We counted the number
of references of each article by computing the difference between number of reference
insertions and deletions. Modifications are also critical for Wikipedia article quality.
A modification often leads to an increment in article quality. Here, we consider the
variable modification ratio, a normalization of number of sentence modifications by
dividing by number of sentence insertions.

Figure 5 represents the average number of references for the articles that belong
to different clusters at different points during their lifetime. The x-axis represents
the relative positions of all the edits in the life of the articles, whereas the y-axis
represents the average number of references for articles that belong to the different
clusters. Articles vary in number of edits. In order to average the number of references
of multiple articles at different points during their lifetime for each article, we used
points from 0 to 100 to represent the relative positions of all edits that occurred to the
article during its lifetime. For example, if the number of references of an article is 3 until
its 6 edits and there are 200 total edits for that article, we first compute the relative
position for all the edits. The relative position of the 6% edit is 3 (i.e., 6/(200/100)), and
we record 3 as its number of references at the position 3. As shown in Figure 5, articles
that belong to cluster 4 (where all-round contributors dominated) and cluster 1 (where
content justifiers dominated sentence insertions) have a larger number of references
than those belonging to other clusters during their lifetime. A conspicuous problem with
certain collaboration patterns such as cluster 5 (where starters dominated sentence
insertions) and cluster 3 (where casual contributors played a dominant role) is the lack
of references in the articles. We noticed that 76.7% of all references for the 1,600 articles
were added by the contributors who inserted the sentences to which the references are
linked. It is thus reasonable to believe that the difference in number of references
of articles belonging to different clusters may depend on who inserted the sentences.
All-round contributors and content justifiers who dominated the sentence insertions
for articles in cluster 4 and cluster 1, respectively, not only inserted sentences but
justified them with references. On the other hand, the starters who dominated sentence
insertions for articles in cluster 5 and casual contributors who inserted about half of
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the sentences for articles in cluster 3 tended to create sentences without citing sources,
while other people often did not bother (or were unable) to identify the sources of these
sentences. For articles belonging to cluster 2, three types of contributors, including
all-round contributors, content justifiers, and starters, all made a large percentage of
sentence insertions. As a result, the average number of references for articles in cluster
2 is smaller than that of articles belonging to cluster 4 and cluster 1 but larger than
that of articles in cluster 3 and cluster 5.

Next, we compared the articles that belong to different clusters with respect to
modification ratio (ratio between the number of sentence modifications and sentence
insertions). As shown in Figure 6, articles in cluster 5 (where starters dominated sen-
tence insertion) have a lower modification ratio than those developed in other patterns
after the first few edits because starters inserted sentences but seldom modified sen-
tences. Articles that belong to other clusters have a similar modification ratio during
the early stage of their life. Then the line representing the modification ratio of arti-
cles in cluster 4 (where all-round contributors dominated) diverged from the rest after
about one-third of their lifetime, indicating the these articles on average have a higher
modification ratio than those in other clusters. This is probably because all-round edi-
tors not only created sentences and justified them with links and references, but also
corrected and expanded the sentences, and reviewed and improved them after their
sentences were modified by other people. This kind of “self-policing” accounts for 30.1%
of modifications made by all-round editors. As described previously, articles that be-
long to cluster 1 have relatively high quality. 32.2% of them are featured articles and
33.5% are good articles. However, these articles often do not have a large modification
ratio. As shown in Figure 6, the average modification ratio of the articles in cluster 1
is only higher than that of the articles in cluster 5, but lower then articles belonging
to the other clusters during their lifetime. A possible reason is that the content justi-
fiers who made most of the sentence insertions for these articles inserted sentences,
added references and links, but seldom modified sentences inserted by themselves and
other people. These articles may still have the potential for improvement if the content
justifiers could conduct “self-policing” on the sentences they inserted.
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Based on the preceding analysis, understanding which type of contributors dom-
inated sentence insertions is critical information for determining Wikipedia article
quality. The general characteristic of editing in many Wikipedia articles is the incre-
mental development of individual elements [Jones 2008]. Contributors add new infor-
mation by inserting sentences. These contributors and other contributors then work
on the sentences by modifying them, adding links and references, or building on them.
Wikipedia relies on volunteer contributors to correct errors of the inserted sentences,
which is not always effective. An existing study [Luyt et al. 2008] proved that errors
made in earlier edits were often found to be retained in the latest version of Wikipedia
articles. Our study also indicates that contributors often did not bother (or were un-
able) to add references for sentences inserted by other people. “Self-justification” and
“self-modification” are therefore critical for article quality. Contributors assuming dif-
ferent roles behaved differently when it comes to “self-justification” and “self-policing”.
Sentences inserted by all-round contributors are often of high quality since these con-
tributors not only inserted sentences, but justified them with links and references and
modified their own and other people’s sentences. As a result, the articles belonging
to cluster 4 where all-round contributors dominated are often of high quality. Articles
that belong to cluster 5, on the other hand, are often low quality since the starters who
inserted most of the sentences for these articles seldom conducted self-justification and
self-policing.

Our current study extends existing research that focused on finding the determi-
nants of Wikipedia article quality. Studies such as Adler and Alfaro [2007] and Anthony
et al. [2009] attempted to distinguish reliable contributors from unreliable ones based
on their previous contributions. The researchers assumed that a contribution is of high
quality if it has been retained in the current version. Luyt et al. [2008] questioned the
assumption by proving that earlier contributions tend to survive longer anyway. We
also found the assumption questionable since the quality of Wikipedia articles is a mul-
tidimensional concept, and a long-lived contribution may be content-wise reliable but
not high quality. For example, the article “Ethology” was assessed to be a C-class article
since it needed “additional citations for verification.” A contributor named “Outspan”
inserted over 90 sentences to the article but provided only one reference in August
2007. Many of these sentences are retained in the current version, and this contrib-
utor thus would probably be deemed reliable according to the existing research. In
fact, the contributor is at least partially responsible for the article’s quality problem
(namely, the lack of references). Similar to the existing research, we also intended to
find out what types of contributors tend to provide high-quality content. However, we
did not assess the reliability of a contributor based her previous contributions since
it is impossible to automatically do so according to Luyt et al [2008]. We also did not
separate experts from less competent contributors. Even though Wikipedia recognizes
“administrators” who have a higher status in the Wikipedia community, that status
cannot be easily connected to domain expertise because there is no system in Wikipedia
to confirm the expertise of any contributor, and the online environment enables users
to invent personas [Jones 2008]. Rather, we classified the contributors based on their
explicit actions on a given article. Our findings are consistent with existing theories
in the field of collaborative writing that different types of authors often display differ-
ent patterns of contribution and the pattern of contribution and the quality of writing
are inherently related [Fitzgerald 1987; Ede and Lunsford 2001; Bracewell and Witte
2003]. This action-based approach to finding user roles can potentially be used to reveal
the self-organized social structure often found in other Web 2.0 applications. For in-
stance, existing research on tagging systems has classified different tagging behaviors,
categorized the users based on their behaviors, and explicated factors leading to the
different tagging behaviors [Sen et al. 2006; Thom-Santelli et al. 2008].
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Our findings also extend existing research that proves that high-quality Wikipedia
articles rely on edit centralization [Kittur and Kraut 2008; Ortega et al. 2008] or
contribution inequality [Arazy and Nov 2010]. Consistent with the existing research,
our study shows that high-quality articles need to have a group of “leaders” or “core
contributors” who made a majority of the contributions. As discussed previously, articles
in cluster 3 where casual contributors played an important role are often of low quality.
Our research moves one step further by indicating that there are different types of
contributors, and who the “core contributors” are has a significant impact on the quality
of the article. For instance, Wikipedia articles where all-round contributors dominated
are often of high quality, while articles where starters inserted most of the sentences
are often of low quality.

Our findings have important implications for improving Wikipedia article quality.
The current approach adopted by Wikipedia to bolster the quality of its articles is to
add layers of control. For example, nowadays, changes made to entries about living
people will become live only when they’ve been vetted by a Wikipedia administrator.
However, by adding layers of control, Wikipedia has developed a kind of bureaucracy
that may possibly dissuade some people from participating. Consequently, it has been
suggested that this has led to a slowing down of Wikipedia’s growth in recent years
[Manjoo 2009]. Our research points to a new direction toward improving Wikipedia
article quality. Our observations show that self-justifications and self-policing are im-
portant since it takes extra effort to add references and correct errors in sentences
created by other people. Hence, instead of adding layers of control that could even-
tually hurt Wikipedia, we believe that it is crucial to develop software tools that are
targeted towards gently nudging contributors to assume different roles and support
self-justification and self-policing. For instance, starters and casual contributors often
inserted sentences without providing references. This observation calls for a software
tool (e.g., a pop-up window) that alerts contributors to justify their inserted sentences
by adding links and references after they insert a number of sentences. A problem with
starters, casual contributors, and even content justifiers is the lack of self-policing. It
is therefore necessary to develop mechanisms that motivate the contributors to revisit
the article, review their inserted sentences, and respond to other contributors’ modi-
fications. As an example, we can send these contributors messages requesting them
to verify the sentences they inserted whenever these sentences are modified by other
people.

Our contribution extends beyond the specific Wikipedia context and has implica-
tions for virtual organizations in other contexts. Our study indicates the existence of
de facto roles and the importance of an emergent leadership even in such an open
environment as Wikipedia that virtually has no barrier to entry. Since activities in
virtual organizations are often voluntary, identifying and developing effective “core
contributors” are likely to be a critical success factor for the performance of any virtual
organization. Our research points out two features of effective contributors: (1) They
tend to perform diversified actions; and (2) they conduct self-policing, monitoring, and
respond to changes made to their contributions. The first feature is related to the con-
cept of functional diversity. It is well-known that functional diversity often leads to
positive outcomes such as faster product development times [Eisenhardt and Tabrizi
1995], greater innovation [Ruef 2002], and greater team performance [Peters and
Karren 2009]. The functional diversity described in the extant research often refers to
the distribution of team members across a range of functional assignments. However,
virtual organizations normally rely on voluntary participants performing different ac-
tions and often lack explicit functional assignments. Functional diversity in virtual or-
ganizations thus involves individuals performing diverse types of actions. Our research
indicates that when the contributors, especially those “core contributors” perform a
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diversity of actions, team performance is often improved. There is potential to extend
this finding to virtual communities in other contexts. Our findings regarding policing
and monitoring can also inform research on virtual organizations. The effect of moni-
toring has been considered an important aspect of social capital that is critical for the
success of a community [Bowles and Gintis 2002]. Virtual communities, often without
principals that can directly supervise other community members, rely on mutual and
self-monitoring for community governance. Our research hence suggests the need to
develop social mechanisms to induce the community members to conduct self-policing
and monitoring.

9. CONCLUSION

This study makes three major contributions. First, our study contributes to the re-
search on wiki-based collaboration. Recent studies such as Bryant et al. [2005] and
Majchrzak [2009] suggested that Wikipedia represents a emerging genre, not only as
an information resource, but of collaboration, calling for developing theories regarding
wiki-based collaboration. However, the tendency to use aggregate measures such as
number of edits or unique editors has hindered researchers from gaining profound
understanding about collaboration on Wikipedia articles. Our research is one of the
first that delved deep into the implicit collaborative processes and classified contrib-
utors based on the actions they performed on Wikipedia articles. We further identify
a number of collaboration patterns, each of which represents a distinct way in which
contributors assuming different roles collaborate. Our research thus lays a foundation
for developing new theories regarding wiki-based collaboration. Second, our research
proves that contributors’ collaboration pattern is a critical factor driving the quality of
Wikipedia articles. We identify patterns that are preferable or detrimental for quality:
Articles developed using patterns where all-round editors played a dominant role are
often of high quality, while patterns where starters and casual contributors dominate
are often associated with low quality. Third, our research provides insights about how
to improve the quality of Wikipedia articles. Our study indicates that self-justification
and self-policing are critical for Wikipedia article quality, suggesting the need to de-
velop mechanisms that alert contributors to add references and encourage them to
revisit the article and improve their inserted sentences. We believe our research paves
the way for developing new software tools for collaboration for Wikipedia to encourage
specific role setting and collaboration patterns to improve the quality of articles.

In future research, we will focus on a variety of other social-network-based collabo-
ration issues in Wikipedia. Wikipedia articles are developed by voluntary contributors
through collaboration. As contributors work on the same article or across several ar-
ticles, they weave a network of relationships that act as channels which facilitate the
flow of information and technical know-how. Our understanding of how social networks
affect performance in the context of Wikipedia, however, remains unclear because the
specific elements of network structure that influence team performance have yet to be
identified. Investigating this issue is important because it potentially has important
implications for optimal team composition and high-quality articles.

We are also extending our research to enterprise wikis. The success of Wikipedia
makes wikis an increasingly popular knowledge management solution in organizations.
A study [Economist Intelligence Unit 2007] shows that over 30% of the surveyed orga-
nizations make use of wiki technology or plan to do so in the future. While enterprise
wikis are mostly free from vandalism or malicious edits, the approach of collectively
created content also presents certain shortcomings, and critical voices exist that ques-
tion the quality of the created information in wikis [Lykourentzoua et al. 2010]. In fact,
after an initial period of promise and trial, due to quality concerns, many companies
are not so satisfied with their adoption of wiki technology [Bughin 2007]. We believe
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that a mechanism that stimulates active participation, encourages or creates teams of
people with different explicit roles, and encourages self-justification and self-policing
is panacea to the quality woes plaguing deployment of enterprise wikis.
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