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Abstract—Wikis, best represented by the popular and highly
successful Wikipedia system, have established themselves as im-
portant components of a collaboration infrastructure. We sug-
gest that the complex network of user-contributors in volunteer-
contributed wikis constitutes a digital ecosystem that bears all
the characteristics typical of such systems. This paper presents
an analysis supporting this notion based on significance of au-
thorship within the wiki. Our findings confirm the hypothesis
that large volunteer-contributed wikis are digital ecosystems,
and thus that the findings from the digital ecosystems research
stream are applicable to this type of system.

Index Terms—digital ecosystem, collaborative writing, co-
authorship, wiki, analysis.

I. INTRODUCTION

The concept of digital ecosystems dates back to the begin-
ning of the decade [1] as a new way of perceiving the increas-
ingly complex and interdependent systems being created to-
day. The notion of digital ecosystems offers an approach to
conceptualizing, managing and organizing loosely-coupled,
interdependent, flexible and demand-driven interactive envi-
ronments [2]. Main applications of digital ecosystems are in
the business, health and education domains [3].

Traditionally digital ecosystems have been conceived of
as systems of interacting systems, such as a supply chain
business digital ecosystem in which the systems of each com-
pany in the supply chain interact with those of other compa-
nies in the supply chain. However, in this paper we argue that
a single system may, through use, evolve to an extent of com-
plexity that the volume of digital content as well as number
of actors in the system leads to the emergence of behaviour
characteristic of digital ecosystems, exhibiting their essential
features. Specifically, we argue that this kind of emergent
behaviour can be observed in large wiki systems whose con-
tributors are volunteers (as opposed to staff authors).

Wikis are systems allowing large-scale collaborative
knowledge creation and distillation [4]. The experience of
the Wikipedia project, arguably the most visible and well-
known wiki system, has demonstrated that large numbers of
contributors can jointly create, review, revise, re-organize,
edit and manage large amounts of high-quality digital con-
tent. As of this writing the Wikipedia project comprises 266
different language wikis totalling nearly 13 million articles
co-authored by over 17 million users around the globe [5].
The largest language edition among these alone, the English
Wikipedia, has 2.9 million articles authored by 9.6 million
users. While the discussion about the quality of Wikipedia

content during the early years of its existence was highly
critical of its editorial model where basically anyone can edit
anything at any time (with very few exceptions), to be im-
mediately placed online without any review or approval, ev-
idence of the high quality of a large number of Wikipedia
articles has provided ample evidence suggesting that the ba-
sic editorial model does not stand at odds with a desire for
quality. Thus wikis have become a proven and accepted col-
laboration tool used by increasing numbers of organizations
to support their collaborative knowledge creation processes.
Besides the well-known Wikipedia there are large numbers
of other publicly accessible wikis, and an additional large
number of private wikis used internally in organizations.

Wikis, however, are not only useful tools supporting joint
knowledge creation in digital ecosystems, but as we have as-
serted above can also be regarded as digital ecosystems in
their own right. They comprise large groups of users (in
some cases counting several million members) who cluster
together around common areas of activity, as well as inter-
act with members of other clusters in ways characteristic of
digital ecosystems. Thus we state our hypothesis:

Hypothesis: large volunteer-contributed wikis are digital
ecosystems.

Our paper tests this hypothesis through a quantitative
analysis, to demonstrate that such wikis indeed exhibit the
features typical of digital ecosystems. The structure of the
remainder of this paper is as follows: Section II briefly re-
views related work on analysing wikis. In Section III we give
an overview of our data analysis approach, and Section IV
presents our analysis of wikis in terms of features of digital
ecosystems. Finally, in Section V we give conclusions.

II. RELATED WORK

The analysis of wikis has a relatively short history since
the establishment of Wikipedia in January 2001. In gen-
eral, the research trend evolved from direct statistical anal-
ysis such as counting the volume, size and contents of the
archive of articles to more sophisticated analysis among the
relations of authors who collaborate as communities. Table 1
summarizes a review of research contributions on different
areas of analysis of wikis, which, while not exhaustive, high-
lights the diversity of analysis approaches employed. This
list is divided into two parts that on the one hand represent
analytic works centred on ‘articles’, and on the other hand
lists works of implicit analysis oriented on ‘authors’ and their
relations respectively.

Simple quantitative statistics measure the sizes of arti-
cles, the number of edits per article, the number of registered



Table 1 Literature review of wiki analysis

Article-oriented References
Size and structure [6],[7]
Edit count [8],[9],[10]
Text count [11]
Article quality [12],[13],[14]
Accuracy of information [15]
Evolution of article content [16],[17]
Identification of controversial articles [18]
Visualization of complex relationships [19]
among millions of topics
Author-oriented References
Authors reputation and trustworthiness [20]
Authorship attribution [21]
Authorship verification [22]
Disagreements among authors [23]
Visualization of communities of authors [24]
Visualization of co-authorship [25],[26]
Co-authorship and expertise [27]

users, and others. They serve as the foundations for more so-
phisticated analysis, such as on co-authorship. In particular,
measures of author contribution have been used for estimat-
ing the nature of a wiki ecosystem whether it be a large group
of novice users, or a small group of experienced authors who
contribute most of the content of Wikipedia.

For author-oriented analysis many methods for detect-
ing community structure by using complex social networks
have been developed (c.f. Related Works in [24]). Our ear-
lier work [25], [26] focused on visualizing authorship net-
works and interaction in collaborative writing, respectively.
However, this paper applies our authorship analysis [27] to
analysing wikis in terms of digital ecosystem aspects.

III. ANALYSIS APPROACH

The data in a wiki system constitute the starting point
for analysis. All wiki systems, regardless of the wiki en-
gine they are based on, have three basic data entities in com-
mon: pages, revisions and authors. Pages are the jointly au-
thored text, revisions are different versions of pages, and au-
thors are the users who contribute revisions by editing pages.
Many systems, such as the popular MediaWiki, also store
categories and discussion in page objects. In addition, each
specific wiki system usually has other data entities, but these
are not of relevance to our analysis.

Our aim is to discover clusters of authors in the wiki that
could be considered to be the equivalent of species of the
wiki ecosystem. As we will explain in Section IV, we de-
cided to cluster the author space by expertise. Authors who
share the same area of expertise, regardless of their role in
the content authoring process, are considered to belong to
the same species. In order to determine expertise, we first
determine co-authorship, and in a subsequent step use this
information to determine expertise in a certain category area.

Our methods to determine co-authorship and expertise
are documented in detail in [27] and we only outline the
main principles here. Co-authorship refers to joint contri-
bution by two or more authors to the same document. The
co-authorship relationship between a pair of authors can be

Figure 1 Finding an expert group

strong or weak, depending on the extent to which they have
collaborated on the document, the amount and significance
of contribution, and the length of time jointly involved. We
have developed an algorithm for calculating the degree of co-
authorship of a pair of authors. This algorithm uses the entire
revision history of all wiki pages in a given wiki database.

Our calculation of degree of co-authorship initially filters
author and page data to eliminate authors and pages that are
irrelevant for our calculation. For a given author a, the selec-
tion of co-authors and pages, and the subsequent calculation
of co-authorship degree, is made as follows:

1. Obtain the set of all pages edited by author a
2. Eliminate the pages from the set of all pages for which

author a has only made minor edits
3. For each remaining page, obtain the set of other authors
4. For each set of other authors, eliminate those authors

who have only made minor edits
5. For each page’s set of other authors, calculate a page

degree
6. Calculate the co-authorship degree from all page de-

grees

The page degree calculated in step 5 above is a measure
of the strength of the co-authorship relation between a given
pair of authors on a given page, and the co-authorship de-
gree of step 6 is an aggregation of all page degrees of that
pair of authors. Once we have calculated the degree of co-
authorship for all pairs of authors we use it for finding exper-
tise groups. When searching for experts on a certain topic,
a search for co-authors of an article on the chosen topic
provides a starting point. The process of finding expertise
groups is outlined below, and illustrated in Fig. 1.

1. Select a category closely related to the required area of
expertise

2. Find the main authors of the category
3. Find the close co-authors of those main authors, i.e.

with strong degree of co-authorship
4. Apply pre-defined rules to include selected co-authors

in the group of main authors
5. The resulting group of authors forms the expertise group

of the selected page or category



Initially we define the main author of a page as the author
who has made a number of revisions that constitute a signifi-
cant portion of all revisions. Following the selection of main
authors of a page, we define a similar rule for the category.
That is, a user who is among the main authors of a significant
portion of all pages belonging to that category is defined to
be a main author of that category. For instance, a user who
is main author of 10% or more of all pages of a category is
a main author of that category, or an alternative could be to
select the top n among the main authors of pages in that cat-
egory, i.e. those users who are main authors of the largest
number of pages of that category.

Then the close co-authors of main authors are found
using the method described above, namely by calculating
the degree of co-authorship between them. Only the co-
authors who fulfil a defined condition (such as degree of co-
authorship > x, or top n co-authors) are considered as close
co-authors, i.e. having strong ties of co-authorship with the
main author.

Finally, expert selection aims to determine the members of
the expertise group. The main author group and the groups
of close co-authors are analyzed and members chosen ac-
cording to pre-defined rules. For instance, a member of the
main authors group who is also a member of at least n of
the other main authors’ groups of close co-authors is con-
sidered a member of the expertise group. Authors who are
not main authors but are members of at least m main authors’
groups of close co-author groups may likewise be considered
members of the expertise group. This process is illustrated in
Fig. 1. The finally resulting set of category experts repre-
sents the main contributors of the entire wiki, classified by
category. Using this set of category experts we conduct our
analysis to test whether wikis display the characteristics of
digital ecosystem.

IV. ANALYSIS OF WIKIS AS DIGITAL ECOSYSTEMS

Following this description of our wiki analysis method we
now apply this method to a specific wiki and analyse the
set of category experts in order to test our hypothesis that
large volunteer-contributed wikis are digital ecosystems. The
wiki chosen for our analysis is the Simple English Wikipedia.
Wikipedia has the advantage that its databases are available
for free download, thus giving us access to the data needed
for our analysis. Our choice of the Simple English edition
of Wikipedia (which contains articles written in a simple
form of English suited for non-native readers) is because its
size is more manageable than the standard English edition of
Wikipedia (gigabytes vs. terabytes).

We downloaded the Simple English Wikipedia database
dump made on 30 March 2009 which contains 129,758
pages, of which 58,120 are content pages, and a total of
1,368,134 revisions made by 12,002 registered and 74,037
anonymous authors. We then applied our method outlined
in Section IV above: finding main page contributors and
main category contributors, calculating the degree of co-
authorship for all pairs of authors involving at least one main
contributor each, filtering to close co-authors, and finally fil-
tering and merging the close co-author and main category
contributor sets. As the category hierarchy in Wikipedia
tends to be both very broad and deep we decided to focus

our category expertise selection on top-level categories only.
These are the most generic categories, which are first-level
nodes in the category tree (which strictly speaking is not a
single tree but is more similar to a set of partially overlapping
trees). In the Simple English Wikipedia there are eight top-
level categories: Everyday life, Geography, History, Knowl-
edge, Literature, People, Religion, and Science.

We now come to the core of our analysis, the question
whether large volunteer-contributed wikis can be considered
to be digital ecosystems. Our hypothesis is that such wikis
are digital ecosystems. To demonstrate that this is the case
we test our hypothesis by evaluating our data in terms of a
well-accepted definition of digital ecosystems by Boley and
Chang [2] according to which a digital ecosystem has the
following four essential aspects:

1. Interaction and engagement between different species
for the overall good of the entire ecosystem.

2. Balance, through directing attention to where it is most
needed, which is naturally maintained as individuals of
each species perceive and attend to these needs.

3. Domain clustered and loosely coupled, as individuals of
their own volition assume the roles and join the species
they best identify with, without external pressure.

4. Self-organisation, as individuals are empowered to co-
ordinate in order to take the necessary action demanded
by a particular situation.

Our analysis seeks to determine whether each of these as-
pects applies to a large volunteer-contributed wiki system.
Below we analyze each of these as they apply to the Simple
English Wikipedia. As we will show, aspects 3 and 4 are im-
plicit in volunteer-contributed wikis, so that the main focus
of our analysis below is on aspects 1 and 2.

A. Interaction and engagement

The first aspect assumes that there are several distinct
species. It is conceivable to distinguish the actors in a wiki
system by the role they take on within the wiki, such as writ-
ers, editors or tinkerers. We suggest that a distinction by
topic area is more in line with the characteristics of mem-
bership of a species: it is easier for the same person to take
on different roles for different pages in the wiki, than to have
substantial expertise in different topic areas. It is more likely,
for example, that an expert on geography contributes text to
some pages, edits other pages, and makes small improve-
ments to yet others, but all related to geography, than that
this same expert also makes similarly many and similarly
significant expert contributions to pages about literature, re-
ligion or science. Thus we consider the topic area, or cate-
gory, to be the primary distinguishing factor among authors.
Role could, however, certainly be used as a secondary dis-
tinguishing factor, subordinate to a given topic area. Thus
we consider “species” within the wiki site to be the expert
contributors to different categories.

As mentioned above, we have applied our authorship
analysis and expertise finder application to the eight main
categories of the Simple English Wikipedia. Our selection of
pages included all those pages belonging directly to the cat-
egory, or to any of its sub-categories recursively descending
the category tree. This analysis revealed the number of pages



Table 2 Main categories and number of pages and experts in Simple English
Wikipedia

Pages Experts
Category Num. % Num. %
Everyday life 23,926 18.8 1,852 19.6
Geography 31,494 24.8 1,737 18.3
History 10,923 8.6 1,235 13.0
Knowledge 270 0.2 48 0.5
Literature 2,015 1.6 527 5.6
People 8,449 6.6 1,228 13.0
Religion 1,767 1.4 441 4.7
Science 48,385 38.0 2,400 25.3
Total 127,229 100.0 9,468 100.0

Table 3 Number of category experts by number of expertise categories per
expert in Simple English Wikipedia

Categories/Expert Num. Experts %
1 31 1.2
2 68 2.7
3 82 3.3
4 67 2.7
5 229 9.2
6 166 6.7
7 1,183 47.4
8 669 26.8
Total 2,495 100.0

and category experts per main category, as shown in Table 2:
main category in the left column, number and percentage of
pages in the next two columns, and number and percentage
of category experts in the last two columns. As some authors
have made contributions to more than one main category,
however, the number of distinct category authors is lower
than the total of 9,468 shown in Table 2. We have found that
many authors have made contributions to two or more, even
up to all eight main categories. The list of 9,468 category
experts consists of totally 2,495 distinct authors, i.e. on av-
erage there are 9,468/2,495=3.8 categories/expert. However,
as Table 3 shows the distribution is not normal: the major-
ity of experts (74%) are experts in 7–8 main categories, and
only 7% are experts in three or fewer main categories. More-
over, those authors who are classified as experts in multiple
categories tend to have strong expertise in only one category,
and a relatively smaller number of contributions to other cat-
egories.

This matches the characteristics of mutually interacting
species: each group of category experts corresponds to a
species in the wiki ecosystem, each member of which con-
tributes to its own category, but also interacts strongly with
other categories in what constitutes interaction and engage-
ment with that species, for the overall good of the entire
ecosystem. To enable visual analysis we entered our cate-
gory expert data into the Pajek social network analysis ap-
plication [28]. This data was then visualized with Pajek us-
ing a Fruchterman-Reingold 2D layout (vertex distance 2.5),
producing the graph shown in Fig. 2. The eight green ver-
tices represent the eight Simple English Wikipedia main cat-
egories, whereas the 2,495 red vertices correspond to the
2,495 category experts. Edges connect categories with ex-

perts and are colour-coded by category: “everyday life” in
green, “geography” in red, “history” in blue, “knowledge”
in gray, “literature” in maroon, “people” in orange, “reli-
gion” in cyan, and “science” in magenta. A visual analysis
of this graph confirms the general structure mentioned above,
namely several distinct category clusters with many connec-
tions between them. Clearly visible are the two clusters of
vertices forming a curve at the top and at the left of the graph;
these represent the experts who have only contributed to one
category. The area of crossing lines in the centre consists of
those experts who have also made contributions to other cate-
gories. Line thickness represents the number of contributions
made by a particular expert to a particular category. It can be
observed that those experts who have made a large number of
contributions to one category also tend to have contributions
to other categories, but that these generally are smaller in
number. This confirms our earlier observation that experts in
the wiki both have a main membership in one of the species
of the wiki digital ecosystem and that lively contribution to
other categories constitutes interaction and engagement with
the corresponding species. We therefore conclude that the
first aspect of digital ecosystems is given in this wiki.

B. Balance

This aspect means that members of the ecosystem direct
attention to where it is needed. Exactly defining where at-
tention is needed, however, is not easy as each wiki has its
own purpose and may thus have different needs from oth-
ers. Our initial approach, which we later discarded, was to
compare the relative sizes (measured by number of articles)
of the Simple English Wikipedia category distribution with
that of other encyclopaedias. The challenge with this, how-
ever, is that main categories do not necessarily neatly align
with each other. While some appear to do, such as the cate-
gories “geography” and “science” which are main categories
in both the Simple English Wikipedia and a well-known tra-
ditional encyclopaedia, the Encyclopædia Britannica, other
categories are harder to match, such as “social sciences” in
the Britannica for which there is no clear equivalent in the
Simple English Wikipedia. On the other hand, the Simple
English Wikipedia has content that may be considered too
trivial for a serious scholarly reference work such as the Bri-
tannica, grouped in its category “everyday life” with articles
on topics such as “drinking straw”. Even when comparing
with other online encyclopaedias such as Microsoft Encarta
Encyclopaedia or even the regular English Wikipedia, similar
problems of category alignment arise. We conclude that pur-
pose and focus of each wiki are unique, which makes com-
parison with other wikis or traditional printed media difficult
at best and questionable at worst. The purpose and focus of
the wiki may in some cases be relatively well defined, such
as to provide articles on all topics in a simple form of English
as in the case of the Simple English Wikipedia, but in others
is more open-ended and emerges over time.

Discarding external sources for determining balance, we
instead consider attributes of the wiki itself. Balance should
be given when contributions are made comparable to the
amount of effort. In a wiki this means that the number of
contributors, particularly main authors and experts, should
be more or less proportional to the number of articles within



Figure 2 Network of category experts in Simple English Wikipedia

a given category. When the need for further contributions
in a certain subject area is detected, some members of the
overall wiki should attend to that need and make the required
contributions. Conversely, in “crowded” subject areas with
many expert contributors there is less demand for a given ex-
pert who may instead direct attention to a different subject
area with greater need. In this way balance is naturally main-
tained. To evaluate whether this kind of balance is given in
a wiki we consider the portion of expertise contribution to
different categories: in a balanced wiki, each group of main
authors and category experts should be of a size proportional
to the size of that category, in terms of the number of pages
this category contains. We have extracted the relevant statis-
tics from the Simple English Wikipedia database, namely the
number of pages, the number of main authors, and the num-
ber of experts, per main category. These are shown in the
form of a line chart in Fig. 3: categories are plotted along the
horizontal axis, normalized counts of pages, main authors
and experts are plotted on the vertical axis. Each of the three
lines shows the relative distribution of pages, main authors
and experts across the eight categories. As can be seen, the
shape of the lines, while not identical, is significantly similar
to each other. From this we conclude that in this wiki the
balance aspect is also given.

C. Domain clustered and loosely coupled

In a public wiki based on volunteer contributions, such
as all the Wikipedia encyclopaedias, the domain clustered
and loosely coupled property of digital ecosystems is given
a priori. Being volunteers, users choose to contribute to the
wiki of their own volition, they choose the categories and

Figure 3 Relative numbers of pages, main authors and experts in Simple
English Wikipedia

articles to which to contribute, and they choose the extent
and nature of their contributions. They cluster together with
others of similar expertise and interest, but are free at any
time to change their association.

D. Self-organisation

As with the previous aspect, self-organisation is also given
a priori in public wikis based on volunteer contributions.
Wikipedia contributors pro-actively and independently take
the actions they consider necessary, and self-organise to
achieve goals as and when the need arises. One way in which
this is done in the Wikipedia community is by assigning spe-
cific prerogatives and duties, such as the status of admin-
istrator, to individuals who have distinguished themselves



through their contributions. Another way is through votes
that are being conducted from time to time in Wikipedia to
obtain community consensus on a particular issue, such as an
editorial decision that needs to be made.

Above we have presented an analysis of each of the essen-
tial aspects of digital ecosystems. This allows us to test our
hypothesis that large volunteer-contributed wikis are digital
ecosystems. We conclude that the characteristics of the par-
ticular wiki analysed by us, the Simple English Wikipedia,
are congruent with those of digital ecosystems, thus confirm-
ing our hypothesis for this particular case. We presume, but
have yet to confirm, that this is also true of other community-
driven wikis, including other language editions of Wikipedia
which share many of the characteristics of the Simple En-
glish language edition we analysed, as well as many of the
other public open wikis that are volunteer-contributed.

Our hypothesis focused specifically on wikis that are both
large and volunteer-contributed, as opposed to simply any
kind of wiki. Two essential aspects of digital ecosystems,
namely being domain clustered and loosely coupled as well
as being self-organising, may be absent in non-volunteer
wikis such as intra-organizational wikis in which contribu-
tion is an organizationally mandated part of the contributors’
work. Moreover, our focus on large wikis did not provide
a definition of what constitutes a large wiki. Testing of our
hypothesis on different wikis, as well as on wikis of different
size, remains as future work.

V. CONCLUSIONS

Digital ecosystems are becoming increasingly important
in today’s networked society. Current research on digital
ecosystems has tended to focus on interconnected systems
of systems. In this paper we have argued that a single sys-
tem may exhibit the characteristics of a digital ecosystem,
and have proposed the hypothesis that this applies to large
volunteer-contributed wikis. We tested this hypothesis by
taking an authorship approach: we identify wiki authors who
are experts in some categories; the population of such cate-
gory experts exhibits the characteristics of species in a digi-
tal ecosystem, namely interaction and engagement, balance,
domain clustered and loosely coupled, and self-organisation.
Thus a wiki system as a whole can be regarded as a digital
ecosystem. We conclude that this hypothesis can be accepted
for wikis that are both large and volunteer-driven. This al-
lows insights from the digital ecosystems field to be applied
to the modelling, organization and management of wikis.
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