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ABSTRACT
In this article we ask whether it is possible to evaluate the effi-
ciency of an online knowledge production project to determine its
position in the life-cycle of projects and to identify factors that af-
fect efficiency. To assess efficiency, we used the Data Envelopment
Analysis (DEA) modeling methodology, applying it to data from
Wikipedia, studying more than 30 Wikipedia language projects over
three years. We showed that if the main Wikipedia projects were
indeed less efficient that smaller ones, corrected by the decreasing
return to scale phenomenon, they were quite as efficient as the other
projects.

1. INTRODUCTION
The Olson paradox [61] suggests that large groups are less able

than small ones to promote their common interest because indi-
vidual incentives to contribute are assumed to diminish with group
size. However, countering this assumption, many online open projects,
in various contexts, have demonstrated their ability to develop se-
lective incentives and institutions, allowing them to develop and
protect their “commons” even as they grow [64, 38, 29]. Even
so, those same projects seem to encounter difficulties in assuring
their sustainability in the long run. Evidence suggests that as they
age, projects find it harder to recruit and retain newcomers (e.g.,
[80], in the case of open source software communities, [30], for
Wikipedia), and their organization is said to become increasingly
bureaucratic [9]. In that respect, these online open projects appear
to follow a trend common to other organizations, i.e., a natural ten-
dency toward structural inertia when they get bigger, leading to a
growing difficulty to adapt [32]. Such inefficiencies have a direct
impact on the output of the project, and an indirect impact by mak-
ing the work less rewarding [68], and so reducing the number of
active contributors1. For example, though Wikipedia is still pro-
gressing in terms of scope and quality, it is hard to deny the de-
creasing number of Wikipedia editors [30]. We also note that the
rules imposed in 2007, which are said to be at the origin of the

1See also the article published by the MIT TechReview,
October 22, 2013, http://www.technologyreview.com/
featuredstory/520446/the-decline-of-Wikipedia/
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increase of bureaucracy, were enforced to address the increasing
inefficiency in editing due to edit wars (ibid).

There are several possible alternative explanations for this phe-
nomenon that this paper explores. First, the decrease in the number
of participants in online open projects may be simply due to the
fact that the reservoir of potential new contributors is drying up.
For example, the number of Wikipedia contributors seems to be
correlated with the number of Internet users [? ] and the percent-
age of new Internet user is reaching a plateau in many developed
countries.

Second, the decrease in the growth in participants may simply
be the result of, or the signal that, the project has entered a ma-
ture phase in which it needs fewer additions and thus fewer con-
tributors [35]2. In this regard, the slowdown may even be a good
sign regarding the management and the health of the project [56].
As Heckerthorn explained (ibid), the controls put in place by the
projects over newcomers would be justified by the fact that fewer
participants are needed, so the barriers to entry have to be raised.

However, a final and more disturbing possibility is that there is
something about the current structure of the project that is unattrac-
tive to potential participants. For example, in the case of Wikipedia,
[65] proposed a global model to estimate the evolution of Wikipedia
participants and to evaluate the impact of management on people’s
willing to participate, and on the production. They used Douglas’
grid/group framework [1978], where people’s behavior is more or
less constraint by their commitment to the group (high/low) and
by the structure of the organization (high/low). Their model shows
that “while an open environment accelerates the growth of an on-
line network at the early stage, openness may negatively impact
quality and subsequently the attractiveness of the network, so that
users will be less inclined to join or to participate in the network”
(p. 346).

In this article we ask whether it is possible to evaluate the effi-
ciency of a knowledge production project to determine its position
in the life-cycle of projects and to identify factors that affect effi-
ciency. Despite the strong theoretical bases for the question of the
explanation for the slowing growth of large collective project, and
its importance in terms of practical consequences, few studies have
looked at the question of the efficiency of the production, and its
variation, something key in the discussion regarding the right size
of the community of producers. We further discuss possible reasons
for the observed level of efficiency, in particular, is the administra-

2In that regard, the slowdown in investment sounds like the effort
level reaches a plateau in online projects, something quite known in
software production projects, where the cost of production follows
an “S” curve, modeled by [59] in the general case of R&D project,
and called the Norden-Rayleigh curve (see [48] for a short review
of the literature on that topic, stressing on the open-source software
case).



tive superstructure, incarnated in the development of the admin-
istrator team, as an explanation for an observed inefficiency. To
assess efficiency, we used the Data Envelopment Analysis (DEA)
modeling methodology, applying it to data from Wikipedia, study-
ing more than 30 Wikipedia language projects over three years.

The article is organized as follows. Section 2 presents a review
of the literature used to construct our framework of investigation;
section 3, the data analysis approach and formulation of our hy-
potheses; section 4, the data collection strategy; and section 5, the
results. We discuss the consequences of this work, its limits and
future research, before concluding, in section 6.

2. THEORY DEVELOPMENT: MEASURING
THE PRODUCTIVITY OF AN (ONLINE)
KNOWLEDGE-PRODUCING PROJECT

We suggest that three phases can be identified in the life of a
collective action project: the initial phase, where the returns on
investment are less than the investment but increasing; the diffu-
sion phase, where it is increasingly rewarding to participate in the
collective action; and the mature phase, when the returns on contri-
bution are decreasing and thus fewer contributors are needed. Fol-
lowing Marwell and Olliver’s argument (ibid), we characterize this
mature phase as a phase where there is a decreasing return on par-
ticipation and so a decreasing number of participants.

There is a lot of literature on the premises, on the construction
of the collective action3, but as far as we know, very few studies
have considered the mature phase of a project (beside [36] on the
negotiation of labor standards).

To assess the phase of a particular project, we can examine the
projects’ production function, that is, the relation between the quan-
tity of inputs consumed by the project and the outputs produced
[79]. Entry into a mature phase can be measured by the fact that
the project is in a decreasing return on scale regarding the produc-
tion function. Description of the project production function can
further be used to study whether some projects are more efficient
than others, and if the structure of the project can explain this effi-
ciency.

Regarding the definition of the production function, the inputs
and the outputs of such communities are rather straightforward: as
framed by [38, p. 44], it is about turning the people into “out-
comes”. The outcomes can be apprehended at several levels: a pro-
ductive level (the various characteristics of the constructed epis-
temic knowledge such as completeness, creativity), a collective
level (e.g. team building or construction of rules and collective
norms), and a personal developmental level (learning and develop-
ment of individuals). This production is affected by the “biophysi-
cal characteristics” of the community (such as the information sys-
tem used) and the “rules-in-use”, which constrain the way people
interact (“the action arena”, or the process).

Crowston et al. [18], who proposed one of the first lists of the
measures of an open online project success (open source software),
stressed the variety and the non-convergence of the possible mea-
sures. For instance, since the pioneering work of [19], scholars
have stressed the difficulties to assess the impact of information
system from other measures (especially re-organization, 8) on firm’s
performance, and even to precisely define what performance is [58].

Fortunately, in our case, the problem can be simplified, as we

3See [33] for a review of the literature, in the context of technology
innovation, and [73] for the study of the emergence of a market.
Simulating Marwell and Oliver’s proposals, [72] stressed the im-
portance of participants’ heterogeneity (the “status” of the partici-
pants in their article) in the starting of a collective action.

are looking at the level of production of the communities of cre-
ation, communities which have a defined goal, are even defined by
their goal, unlike other online “communities” around Facebook or
Twitter. They are (virtual) epistemic communities, or task-oriented
groups, bringing experts together around a common goal [70], here
the building of (new) knowledge available to other people (explicit,
published online knowledge, being programs or encyclopedic arti-
cles). Project contributors are often evaluated by their capacity to
produce these pieces of knowledge [14]. Therefore, in defining a
project production function, we are trying to measure the efficiency
of the system in turning project inputs into explicit published online
pieces of knowledge.

The focus of the projects means that we will not attempt to mea-
sure the whole outcomes of such collective projects. Focusing on
the pieces of knowledge produced, we are leaving out most of the
fallouts for the participants, such as social connexions, fun, train-
ing [10], or perceived knowledge satisfaction [13]. Actually, when
looking at the production function of a company, these kind of out-
comes are also usually not taken into account, even if they are
very important to explain why people start and stay participating
in such projects (or why a company succeeds). Instead, regarding
the outputs, the type of knowledge produced and the ’quality’ of
this knowledge are the key indicator [24, 85], whose precise defi-
nition depends on the type of knowledge produced and thus of the
criteria in that field, but also of the goal of the organization, here
the community.

A similar simplification applies also to the inputs to the produc-
tion function. Even though open online projects rely on an infor-
mation system infrastructure (Wikipedia’s wiki editor MediaWiki
or Linux’s source code management system, Git), making them,
as pointed by [37], sociotechnics systems [1], as long as the sys-
tem remains stable during the evaluation the efficiency of the tool
itself can be considered as constant and so omitted from the analy-
sis. As a result, we will not need to look at the abundant literature
on the impact of information systems on firm’s productivity and/or
performance. The same can be said for the rules organizing the
community, which we suppose remain stable during the study.

The inputs we consider are the efforts put by the people to re-
alize the communities’ tasks, and the number of people participat-
ing. Unfortunately, it is impossible to determine precisely the ef-
fort made by each contributor (in terms of time spent, for instance).
Effort is difficult to measure in a classical organization, but even
harder in the case of online voluntary work because this informa-
tion is subject to self-estimation biases [48]. Most of the work in
the literature on effort assessment in online communities approxi-
mate efforts by the number of contributions made a certain point of
time (e.g. ibid, 27), an approach we will adopt.

We propose to go a step further here, introducing the heterogene-
ity of the participants as a second factor. The critical mass theory of
the construction of collective action [60, 56], the theory analyzing
the construction of the (knowledge) commons [64, 37], but also the
studies of groups’ creativity and efficiency [for instance, 77], stress
the fact that these projects are made possible by the aggregation of
various motivations and level of involvement.

To rephrase our research question, we ask here which projects
are efficient in turning the input of participants and participant con-
tributions into knowledge products, and whether this efficiency is
due to a distribution of participants among the very involved (i.e.,
the administrators), and the occasional contributors, to the projects’
stage in its life cycle, or to other external variables.

3. ANALYSIS APPROACH AND HYPOTHE-
SES



3.1 Analysis approach: DEA modeling, and t-
tests.

Our goal is to evaluate projects’ efficiency (synonymous to pro-
ductivity, here) in turning contributors (and contributions) into con-
tent, and second to test our hypotheses regarding the explanation
of the variation of efficiency. We use DEA modeling to evaluate
the productivity of the projects and we then run t-test and regres-
sions to evaluate the correlation between our explained variable
(the projects are efficient) and the explanatory variables we pro-
posed in the previous sections.

3.1.1 DEA modeling.
Economists formalize the link between inputs and output as a

production function [79]. To be efficient is to reach the maximum
possible outputs for a given amount of inputs; a project that used
the same amount of inputs but produced less is less efficient. In our
case, the form of this production function is unknown, as are the
coefficients relating its components. However, we are not trying
to propose a characterization of the Wikipedia production function,
but rather to evaluate if some projects are more (or less) efficient
than the others. Since [28], this can be done by looking at the
“frontier production function”, which describes, for various com-
bination of inputs and outputs, the producers who are efficient, i.e.,
the ones for which none of the outputs can be increased, without
either or several of the inputs increasing or other outputs being re-
duced, and vice versa. Note that as different mixes of input or out-
puts are possible, there can be multiple efficient producers. Other
producers can then be compared to these to determine their level of
efficiency, e.g., what fraction of outputs they produce with the same
inputs or how much more input they require for the same outputs.

There are several techniques for estimating the frontier produc-
tion function, and a detailed comparison is out of the scope of this
paper4. In this paper, we use Data Envelopment Analysis, a ‘data-
oriented’ approach for evaluating the performances of a set of peer
entities, called Decision Making Units, or DMUs in the original
source, in this article, each project. DEA was first proposed by [12]
as a technique to compare projects and to estimate which projects
are “efficient” without assuming a form for the production function.
According to the definition of relative efficiency, a DMU “is to be
rated as fully (100%) efficient on the basis of available evidence if
and only if the performances of other DMUs does not show that
some of its inputs or outputs can be improved without worsening
some of its other inputs or outputs” [17, def. 1.2, chapter 1, p. 3].
A further advantage of DEA for our analysis, as pointed out by
[47], “DEA can account for economies or diseconomies of scale,
and is able to deal with multi-input, multi-output systems in which
the factors have different scales”.

The basic DEA models suffer from a limitation which may be
problematic in some cases: being linear optimization models, they
implicitly suppose that the production function is made of substi-
tutable ’variables’, for both the input and the output sides. Regard-
ing open online projects, where an addition of independent partici-
pants’ contributions represent the input, and where we want to test
the hypothesis that this people are not perfectly substituable, the
linearity makes sense to be able to perform the test. Regarding the
outputs, we speak here of pieces of knowledge (characters, photos)
which, if not substituable, add all to the knowledge base. So, in our
specific case, this limitation does not seem to matter very much.

4The reader interested by this discussion will be happy to look at
[44]’s study in the case of software production.

Koch [47] used the DEA approach in studies of the efficiency of
FLOSS communities. As he pointed out, the outcomes of a com-
munity have to be measured along several dimensions, without a
clear ranking of the importance of each factor, leading him to use
Data Envelopment Analysis (DEA) techniques [47]. This approach
permitted the comparison of projects efficiency in turning contrib-
utors into lines of code, but also into bug fixing, for instance [46,
b].

Two main criteria have to be taken into account regarding the
choice of a DEA model: the orientation of the model (input-oriented
or output-oriented) and the return to scale in the production process.
Regarding the first criteria, as in [47], an output-orientation seems
to be more appropriate, as, for a period of time, the inputs (the vol-
unteers in an open online project), are more or less fixed and the
goal is to maximize the output. Considering the second criteria,
based on the study of [56] on collective action, on the analysis of
software projects, and on the discussion above, it seems rather dif-
ficult to assume a constant return to scale. Instead, these projects
seem to have a increasing return to scale in a first phase, and then a
decreasing one. So we will choose a model that includes a variable
that captures a project’s return to scale, the BCC model, and more
specifically the BCC-O (output oriented) model [5].

For the data analysis, we used [71]’s macro under SAS, with
non-constant return on scale constraint. The original program is
an input-oriented one, so we had to change the equations into an
output-oriented one (equations 4.27 to 4.30 in [16, p. 89]).

3.2 Hypotheses: efficiency in the organization
of the input factors

Given the analysis approach adopted, we can now state more
specific hypotheses that we will test in this paper.

3.2.1 Size of the project. Hypothesis 1: bigger projects
are less efficient.

Following Marwell and Olliver (ibid), we characterize the ma-
ture phase as a phase where there is a decreasing return on partic-
ipation. This can be measured by the fact that the project is in a
decreasing return on scale phase, regarding the production function
(which has to be defined). Our hypothesis is that:

• H1. Big project are less productive than small ones (i.e.,
projects exhibit decreasing return to scale).

3.2.2 Structure of the team. Hypothesis 2: under and
over heterogeneous projects are less efficient.

Once this decreasing efficiency is controlled, we explore ex-
planations for the differences between the projects regarding their
productivity. The first hypothesis regarding this point is that the
projects have to have a ’good’ structure in terms of team build-
ing. This leads to two hypotheses, concerning the structure and the
management of the projects.

• H2.1. Following Uzzi (ibid), we hypothesize that the effi-
cient projects (in terms of productivity) are heterogeneous,
but not too much, regarding the variety of the participants,
between big and small contributors.

• H2.2. Following [32, 9] on the bureaucratic aspect, we hy-
pothesize that the efficient projects have neither a too heavy,
nor too light techno-structure.

4. DATA COLLECTION



4.1 Case selection: Wikipedia
As a setting for our study, we choose the most visible open

knowledge project, the encyclopedia editing project Wikipedia. Defin-
ing itself as an “online encyclopedia”5, incorporating elements of
general and specialized encyclopedias, almanacs and gazetteers”,
Wikipedia covers a large scope. For each entry or article, it aims
at “explain[ing] the major points of view in a balanced impartial
manner”, with “verifiable accuracy” and “references”.

There were three reasons for the choice of this research setting.
First, Wikipedia has become one of the most successful knowledge
production projects ever, with almost 5 million articles for the En-
glish version and more than one million visits per day, and is seen as
a model for knowledge management theory [57, 34]. But even this
successful project has recruiting problems, as already mentioned.
[76] even showed that ”both the rate of page growth and editor
growth has declined” in the English Wikipedia. Secondly, Ostrom
and Hess pointed out is that online communities lowered the bound-
ary between those who are in and those who are out. Wikipedia,
which does not require programming competences from its partic-
ipants, seems to be one of the communities where the boundary is
the lowest.

Finally, focusing the analysis of the inputs on people’s involve-
ment is facilitated by the structure of Wikipedia. Wikipedia is not
a single project, but rather a multitude of independent sub-projects:
for each language there is a separate version of the encyclopaedia
with its own editor community and collection of articles. Impor-
tantly, the projects are at different levels of maturity, some quite
mature, others still getting started and others somewhere in be-
tween. However, the projects are still comparable, as is required
for our analysis. They all share the same tool for collaborative edi-
tion (MediaWiki) and the same basic rules for collaboration, the
“five pillars” of Wikipedia6, meaning that the only one of Hess
and Ostrom’s inputs that vary are people’s involvement, which is
what we are looking for. Thus the process structures seem quite
the same, in contrast to studies on open source software (see for
instance 18, 47) that suggest that different project that use vari-
ous technologies, programming languages and collaborative tools.
Comparison of the output of the projects provides further evidence
for their comparability. The global structure of the projects, mea-
sured as a network, the nodes being the articles and the links the
links between the articles, seems to be about the same in terms of
“degree distributions, growth, topology, reciprocity, clustering, as-
sortativity, path lengths, and triad significance profiles”, at least for
the main projects [86]. This uniformity may help us to better under-
stand, in their difference, what differences are due to the collective
action phases.

4.2 Data Collection
As did prior studies of Wikipedia ( see [63] for discussion), we

relied on internal Wikipedia data to estimate the number of con-
tributors involved, their characteristics and level of activity. To
compute these variables, we obtained the complete database dump
with all edits performed in 37 Wikipedias in different languages.
These dump files include all required data to trace the creation of
new articles and individual changes on any page in these Wikipedia
projects. In Wikipedia terminology these edits are known as re-
visions. The dump data directly provide the number of revisions

5All the citations of this paragraph come from the Wikipedia page
describing its fundamental principals, or “five pillars”: http://
en.Wikipedia.org/wiki/Wikipedia:Fivepillars. See also
[69] for a discussion of Wikipedia as a model for collaboration.
6http://en.Wikipedia.org/wiki/Wikipedia:
Fivepillars.

Table 1: Wikipedia languages parsed & used in the analysis.

Japanese ja Czech cs Catalan ca
Spanish es Indonesian id Bulgarian bg
German de Thai th Croatian hr
French fr Arabic ar Greek el
Rusian ru Korean ko Slovak sk
Italian it Hebrew he Serbian sr
Portuguese pt Norwegian no Lithuanian lt
Polish pl Hungarian hu Slovenian sl
Chinese zh Vietnamese vi Estonian et
Dutch nl Ukrainian uk Malaysian ms
Swedish sv Danish da
Turkish tr Farsi fa
Finnish fi Romanian ro English en

and the length of the text added. By examining which user per-
formed each revision, we obtained counts of the number of editors
actually active in the period of the dump7. For each language we
also retrieved data about any special privileges granted to certain
Wikipedia users, such as the administrators.

The data extraction has been implemented as a software program
written in Python to automate this process. This program is part
of WikiDAT (Wikipedia Data Analysis Toolkit)8, a multi-purpose
framework aiming at facilitating Wikipedia data analysis for any
of the 280 languages currently available in the free encyclopedia.
The use of Python lxml9, an efficient library for XML parsing, and
multiple sub-processes, let us speed up significantly data retrieval
and extraction10, and to develop more precise data than those pre-
sented by the Wikimedia Foundation11 as far as the edits and the
contributors are concerned, and to include new, original data, the
number of Feature Articles and of new Featured Article (FA, or ar-
ticles of exceptional quality). The languages analyzed with their
correspondence in Wikipedia are presented in table 1.

4.3 Construction of the variables

4.3.1 The Outputs. Scope, accuracy, quality
The main outputs we consider are contributions to Wikipedia (in-

dividual edits) and the articles created. For the former, as a first ap-
proach, we examine simply the length and basic quality of the writ-
ing for edits (result already stressed by [7]). Prior research suggests
that these simple measures are good indicators of a contribution,
at least for the English version [20], are they are for open source
contribution[39]. The number of new characters serves to measure
the increase of the content available For the later, we will consider
the number of new articles to measure the increase in scope of the
encyclopedia.

We will also consider measures of output quality, as projects may
be prioritizing improvements in quality over quantity. As explained
by [31, p. 3], Wikipedia article quality can be assessed in different
ways. One approach seeks to rate articles against external metrics,
e.g., those coming from information system studies on the qual-

7We elided all revisions undertaken by bots, as they do not repre-
sent work done directly by editors, which is the production process
we wanted to study.
8http://libresoft.es/node/564
9http://lxml.de/

10(For instance, as far as the English Wikipedia is concerned,
444,946,704 revisions in 27,023,430 pages were analyzed in ap-
proximately 44 hours.

11http://stats.wikimedia.org/EN//



ity of the process 75, 84, bibliographic studies (on the product),
based on [43]’s criteria (e.g., purpose, authority, scope) or on sub-
jective metrics (user experience, being reader or producer). Such
an approach is arguably more valid and would be more comparable
across projects. However, [82, 26] concluded that these criteria are
difficult to apply to Wikipedia, especially because there is no au-
thorship analysis possible, but also ”due to the overall scale and the
wide range of subject areas, most of the studies focus on specialized
fields of knowledge” [51], rather than performing a comprehensive
analysis. A further problem would be finding raters able to assess
contributions in multiple languages.

A simpler approach to article quality relies on internal measures,
as in [67, 11]. Wikipedia has several levels of quality for its articles,
from article needing to be improved to featured article, see http:

//en.Wikipedia.org/wiki/Wikipedia:Article_development.
In light of the difficulties of applying external measures, we relied
on these internal measures for this study. Specifically, we count the
number of new featured articles (FA), which is how every project
signals its best articles. To augment this measure, we also examine
the number of new internal redirects, as a proxi for the improve-
ment of the internal organization and of the number of the (internal)
references.

4.3.2 The Inputs. Measuring participants’ efforts,
defining the participants by their efforts.

As argued, different level of participation and of participants are
important for a collective action to emerge and bloom. But the char-
acterization of those different contributors is far from being sim-
ple. For simplicity, and according to our orientation to take inter-
nal measures if existing, we relied on Wikimedia Foundation’s, and
Wikipedia Statistics pages12 regarding the different type of contrib-
utors. Following them, we named (and counted) “active Wikipedi-
ans” those “who contributed times or more in the month”, “very
active Wikipedians” those “who contributed 100 times or more in
the month”, and “other contributors”the others. To test the comple-
mentary (or competitive) explanations (H2.1 about the structure of
the team and H2.2 about the size of the administrative team), we
counted the number of administrators each month.

Finally, a specificity of Wikipedia is that anonymous contribu-
tion is possible, even if not encouraged. If most of the best con-
tributions in terms of quality are done by registered users and by
a small subset of the whole contributors, a significant number of
anonymous users also provide quality content [41]. The share of
such contributions varies dramatically between the different lan-
guages (between 26% for the Japanese project and less than 2%
for the Slovenian one), a variation which could explain, in part, the
differences in efficiency between the projects, because the manage-
ment of these anonymous contributions may be time consuming.

4.3.3 Control variables: cultural factors.
While the discussion above has focused simply on inputs, varia-

tion in the productivity of editors might be explained by the cultural
background of the project participants. According to [65], criterion
related to the commitment to the group may impact efficiency. For
instance, and referring to the cultural studies and indicators pro-
posed by [40], individualism is directly connected to the willing to
participate in collective projects. Various works, especially look-
ing at Wikipedia [49, 15], pointed out the gender gap in number of
editors, and explained this gap by the conflicting (thus female un-
friendly) atmosphere of such projects. We will do so using the four
first Hofstede’s cultural dimensions: Power distance (PDi) Indi-
vidualism (Ind), Masculinity / Femininity (Masc), and Uncertainty

12http://stats.wikimedia.org/EN//

Figure 1: Number of new characters versus new articles by project,
2011 to 2013.
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avoidance (UncAv). . For project that are supported by several
countries (such as the Spanish one), we calculated a preponderated
value of these dimensions taking into account the number of Inter-
net users in the main countries participating.

The second set of control variables regards the linguistic vs na-
tional aspect of the projects: some projects, because they include
people from various countries, possibly with different agendas, may
have to spend more time solving national / cultural conflicts than
contributing13. We constructed a dummy variable indicating whether
the linguistic project is multi-countries (1) or supported mainly by
one country (0) (e.g., the Finish project).

5. RESULTS

5.1 Some descriptive statistics
When speaking of the decrease in output, as already said, most

prior research points at the decrease of the number of contribu-
tors, at least in the case of the English Wikipedia [30]. [? ] ex-
tended this analysis to the other Wikipedias and showed that the
biggest projects are less efficient in recruiting new contributors,
which could be explained by the fact they already exhausted the
reservoir of potential contributors.

However, regarding the efficiency in producing new knowledge,
which is what we are looking at here, simple statistics seem to de-
scribe a more complex situation where projects may be producing
different mixes of outputs. For instance, plotting the number of
new characters produced against the number of new articles cre-
ated on a scatter plot (figure 1; NB, log scales) makes clear that, in
general, and even if there is quite a large dispersion (R2 = 0.62),
smaller projects are all below the linear trend line (relatively more
articles than new characters), while the larger projects are mostly
above it (relatively more characters than new articles). We interpret
this result as suggesting that the larger projects seem to have been
more often adding to the content of the articles (number of charac-
ters) rather than increasing coverage (number of articles) in the past
three years, when smaller projects are still caching up on coverage.

Still from a scatter plot view, this focus on new articles seems
to imply more edits than the average (figure 2), as most of the big
Wikipedias are below the regression curve14. But there are also a

13Such as the Chinese Wikipedia, which has had to solve the conflict
between different writing forms [52].

14On this graphic and on the followings, we did not include the En-
glish Wikipedia, which is far bigger that the other projects. As



Figure 2: Number of new characters versus edits by project, 2011
to 2013.
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Figure 3: Number of anonymous edits versus the number of admins
by project, 2011 to 2013.
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lot of small projects below this curve, and those big projects are
very close to the curve.

We compared the number of admin with the number of anony-
mous edits (figure 3) or the number of occasional contributors (fig-
ure 4) (which are both said to have to be closely monitored). How-
ever, while there is a quite good linear correlation between the num-
ber of occasional contributors and the number of admins, the rela-
tion is logarithmic between the anonymous and the admin, indicat-
ing that the biggest projects are growing slowerly in the number of
anonymous contributors than in the number of administrative staff
(but, still, they are above the curve).

An explanation offered for the seeming inefficiency of Wikipedia
is that that projects have become inefficient because they have added
too much administration in order to deal with problematic edits.
However, our examination of the data does not seem to provide
any consistent support to this postulate. DEA modeling analysis
allowed us to refine the analysis of the hypotheses.

5.2 Measuring the efficiency of the projects
As the three years we studied do not fundamentally differ, we

will focus in this analysis of the results of Year 2013 in Figure 5,
for clarity.

an outlier in the distribution, it impacts too much the shape of the
curve and the coefficients

Figure 4: Number of occasional contributors versus the number of
admins by project between 2011 and 2013.
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Figure 5: Efficiency in production edits and new knowledge for
the 37 Wkipedia language projects, 2013 (left, without taking into
account the return to scale, right taking into account the return to
scale)
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5.2.1 Hypothesis 1
The results of the three years together are available in the Annex.
The results show that the big projects are globally less efficient

than the small ones. Considering the discussion in section 2, we
evaluated if this inefficiency is due to a decreasing return to scale
(it is harder to find new article to write, or to improve the already
written articles) or, even taking this into account, if the big projects
are still less efficient

In a second time, and still using DEA modeling, we evaluated
if this lack of efficiency is due to a lack of edits (people in big
projects edit less than people in small projects) or if this is due to
inefficiency in turning the edits in articles.

The main result is that, as expected, the big projects are less
efficient, in terms of productivity. But this has to be mitigated, as,
when taking into account a decreasing return to scale effect, the En-
glish project turns to be efficient again, and the other big projects,
but the Japanese one, are quite close to efficiency, at least closer
that smaller projects. This is particularly true when looking at the



conversion of contributors into edits, less in the process of con-
verting the edits into new knowledge, something we will address
in the discussion. These results remain the same with of without
taking into account the FA, and with or without taking into account
the anonymous contributions, which seems to indicate that the pro-
duction of FA articles as the production of anonymous, remain of
marginal impact on the trajectory of the projects.

5.2.2 Hypothesis 2
To test hypothesis 2, we performed a linear regression of the

assessed efficiency in turning contributors into knowledge (with
and without return to scale) on the variables proposed above to
explain differences in efficiency, specifically ratio of administra-
tors over (hundred) anonymous contribution, ratio of administra-
tors over contributors (to test Hypothesis 2.2), active and very ac-
tive contributors over contributors (to test Hypothesis 2.1), Hofst-
ede’s cultural dimensions, and whether or not the language project
concerns more than one country. We used the efficiency measured
by the DEA model with return to scale to control from the size
of the projects. Model 1 in Table 2 introduces the Control vari-
ables and Model 2 adds the administrative structure variables and
the structure-of-the-team variables.

The regression found no statistically significant relations, but
one, the link between the ratio of administrator to anonymous con-
tributions and the efficiency of the projects15. The efficient projects
are significantly more administrated, as this ratio of administrator
over (hundred) anonymous edits is around 46% for the efficient
projects (standard dev 29) versus 28% for the inefficient projects
(standard dev 24). This somehow proves Hypothesis 2.2 wrong,
when Hypothesis 2.1 (structure of the team) is not proved, as the
percentage of active or very active contributors over contributors
does not seem to impact the efficiency of the teams.

This drives us to the discussion of our results.

6. DISCUSSION AND CONCLUSION
The validity of our analysis is dependent on the quality of the

data used. We are quite confident in the data extracted from the
Wikipedia dumps, e.g., regarding number of characters and edits or
number of Featured Articles. The most significant limitation to our
estimate of the efficiency of the edit and article production process
is that we have only a partial information on the input: the number
of people involved, but not their effort, as we do not know, for
instance, how many hours a contributor spent developing an edit,
which could vary quite a lot, from a few seconds to fix a spelling
error to hours spent researching a topic. As we want to compare
Wikipedia language projects, we can only assume that from one
project to another, the mean time spent is the same for each type
of contributor and has not varied through time. Violations of this
assumption will affect our measure of the relative efficiency of the
projects.

With regard to outputs, a limitation is that we had only the count
of FA projects to assess the quality dimension of the articles. We
note that there are concerns about the validity of FA status as a
quality measure. The concrete rules of the process of granting FA
status to a Wikipedia article varies between the different language
projects, but in general it involves voting on the quality of the ar-
ticle: the article should receive a substantial proportion of positive
votes to be granted the FA label. However, [74] showed that the
argument of quality to qualify an article as FA varies from one lan-
guage to another. Furthermore, when external expertise is mobi-

15We tested variation of the borders of the low / high values without
impacting the results.

Table 2: Regression explaining the non-efficiency of the projects
(Hypothesis 2)

Model 1 Model 2

Parameters
Estim.
Values

Stand.
Dev.

Pr >
Khi-2

Estim.
Values

Stand.
Dev.

Pr >
Khi-2

Intercept 1.0799 0.7017 0.1238 0.4545 1.2719 0.7209

Low 0.118 0.6260 0.8498 -0.012 0.9530 0.9901

Power
distance

Medium 0.647 0.4191 0.1226 1.297 0.5947 0.0291

High ref. ref.

Low -0.180 0.660 0.7845 -1.551 1.024 0.1299

Indivi-
dualism

Medium -1.220 0.4877 0.0123 -1.697 0.7290 0.0199

High ref. ref

Mascul.
/ Low 0.074 0.4137 0.8571 -0.123 0.6028 0.8375

Feminin. Medium 0.252 0.4394 0.5656 -0.423 0.6141 0.4904

High ref. ref.

Uncert. Low -0.672 0.4835 0.1642 -0.042 0.8437 0.9602

avoidance Medium 0.104 0.3502 0.7660 0.9947 0.5897 0.0917

High ref. ref.

Multi-
country
project

MIXV -0.166 0.3209 0.6037
-
0.7300

0.5381 0.1749

% admin Low -1.617 1.1609 0.1636

ov. con-
trib.

Medium 1.288 0.6462 0.0462

High ref.

% admin Low 4.068 1.2877 0.0016
ov.
anonym.

Medium 0.699 0.5837 0.2305

High ref.

% activ. Low 0.557 0.9293 0.5489

contrib. Medium -0.451 0.7598 0.5520

ov. con-
trib.

High ref.

% very
activ.

Low -0.777 0.8238 0.3452

contrib. Medium -0.545 0.6769 0.4204

ov. con-
trib.

High ref.



Table 3: Distribution of the percentage of active contributors in
different Wikipedia projects

Means Stand. dev. Min Max
Active contributors
over contributors

32.98 4.86 42.93 20.37

Very active contributors
over contributors

5.26 1.29 8.63 2.58

lized to evaluate the quality of FAs, as in [54], they show strong
variations regarding their assessed level of quality. Finally, as said
before, our results seem to indicate that the production of FA arti-
cles is of marginal impact on the global (productivity) of the project
as our results do no change if we take into account (or not) these
FA in the evaluation of the productivity. On the other hand, and as
stressed before, we proposed to evaluate the projects by their inter-
nal objective, and as far as quality is concerned, the objective is to
create Featured Articles, even if other levels of quality are proposed
in some projects.

Thanks to the DEA modeling technique, we proved it possible
to compare projects in different phases of development and with
various agenda, some being more focused on adding articles, other
in filling the existing ones, for instance. Regarding the argument
of efficiency, we showed that if the main Wikipedia projects were
indeed less efficient that smaller ones, corrected by the decreas-
ing return to scale phenomenon proposed by these authors, they
were quite as efficient as the other projects. This is especially true
when considering that this supposed lack of efficiency may be due
to the elements measured: some actions of improvement, like the
rephrasing of an article, or the adding of a picture, or the adding of
templates, do not increase the number of characters, and thus are
not measured here. These big projects may also be more targeted
by vandalism or more strict in the creation of new articles than
smaller projects. This would explain the fact that the big projects
are as efficient in converting the contributors into edits, but less in
the process of converting the edits into new knowledge.

We cannot deny the fact that there are less contributors and less
new articles produced. But, considering the results of this article,
we wonder if this fact is not an indication that they try to control
their eventual slowdown, their entrance into the mature phase by
raising the boundary in order to not manage unneeded manpower,
and to keep being efficient. Comparing years 2011 to 2013 with
older years, such as 2006 to 2008 may help precise this point. Re-
garding the other hypothesis, the impact of the structure of the team
on the efficiency, our results are inconclusive. this may be due to
the too small number of cases (111), making harder to have sta-
tistically significant results. This may also be due to the fact that,
despite the international coverage of Wikipedia, the structure of the
teams is similar, the open online culture being stronger that the lo-
cal culture in such projects. An argument in favor of this point is
the stability of the percentage of active or very active contributors
over the contributors in all the projects we analyzed: even if there
are extreme cases, the standard deviation is low (Table 3).

To conclude, beside its limitations, this article is one of the first
attempts to measure the supposed decrease in efficiency of the main
Wikipedia projects and, more generally of the theory of the collec-
tive action by Marwell and Oliver. We advocate for developing
the studies on online collective action, using the DEA modeling to
refine our results.
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Annex 1. Extra Figures.



Figure 6: Efficiency in production edits and new knowledge for the
37 Wkipedia language projects, 2011 to 2013 (left, without taking
into account the return to scale, right taking into account the return
to scale)
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