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Abstract
The rise of the Internet has enabled collaboration and co-
operation on an unprecedentedly large scale. The online en-
cyclopedia Wikipedia, which presently comprises 7.2 mil-
lion articles created by 7.04 million distinct editors, provides
a consummate example. We examined all 50 million edits
made to the 1.5 million English-language Wikipedia articles
and found that the high-quality articles are distinguished by
a marked increase in number of edits, number of editors, and
intensity of cooperative behavior, as compared to other arti-
cles of similar visibility and age. This is significant because
in other domains, fruitful cooperation has proven to be dif-
ficult to sustain as the size of the collaboration increases.
Furthermore, in spite of the vagaries of human behavior, we
show that Wikipedia articles accrete edits according to a sim-
ple stochastic mechanism in which edits beget edits. Topics
of high interest or relevance are thus naturally brought to the
forefront of quality.

Categories and Subject Descriptors H.5.3 [HCI]: Group
and Organization Interfaces—Theory and models, Evalua-
tion/methodology, Web-based interaction; K.4.3 [Comput-
ers and Society]: Organizational Impacts—Computer-
supported collaborative work

General Terms Collaborative authoring, groupware

Keywords Cooperation, Wikipedia
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Introduction
The online encyclopedia Wikipedia1 provides an unprece-
dented example of large-scale, worldwide collaboration. Its
7.2 million articles have been generated from 282 million
edits by 7.04 million distinct contributors2, as of this writ-
ing. Wikipedia’s exponential [33] growth since its inception
in January 2001 has been enabled by the wiki interface [18],
which allows any user to easily modify any article or to cre-
ate new articles. This arrangement virtually eliminates the
barrier to contribution, paving the way for intense activity at
uncertain cost to article quality and value.

While Wikipedia’s overall quality is difficult to measure
in comprehensive way, its content has unquestionably been
deemed useful and relevant by the user community at large.
Its website is the 10th most visited on the Internet3, serving
an average of 18925 requests per second4.

In light of its popular success, the question of which
Wikipedia articles are high-quality, and how these articles
are created, is of interest. A number of methods for auto-
matic assessment of article quality have been proposed. In
[19], the number of edits and unique editors to an article
were suggested as metrics for quality, but no justification
was provided. Other characteristics such as factual accuracy
[13, 12, 10], credibility [6], revert times [31], and formality
of language [11] have been used to assess small samples of
Wikipedia’s articles and in some cases compare them to arti-
cles of traditional encyclopedias. It is doubtful that encyclo-
pedia quality can be assessed using a single metric (e.g. [8]),
but complex combinations of metrics [30] depend on rather
arbitrary parameter choices. A crucial element lacking from
previous tests of metrics of article quality is any considera-
tion of article popularity or relevance, which can clearly be
expected to affect metrics such as number of edits, number
of links, article length, number of images, and many others.

Wikipedia’s dynamics have also been studied in the con-
text of evolution and network physics [34], with the addition
of new articles described by a time-dependent acceleration

1 http://wikipedia.org
2 http://meta.wikimedia.org/wiki/List of Wikipedias
3 http://www.alexa.com/
4 http://hemlock.knams.wikimedia.org/∼leon/stats/ reqstats/reqstats-
monthly.png
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mechanism [27] or a somewhat puzzling preferential attach-
ment model [5]. Other work has examined the evolution of
editors’ roles and contributions in Wikipedia’s development
[16]. A power law relation was claimed for the distribution
of edits per article [4, 33], but no mechanism was proposed
and our data disagree with this assessment.

While this previous work contributes to the understand-
ing of Wikipedia as a complex system, it does not provide
insight into the development of quality at the level of in-
dividual articles, in particular the effects of large-scale col-
laboration and cooperation. While the potential benefits of
cooperation are great [7], it is well-known from research in
domains such as software development (e.g., [3]) and indus-
trial design (e.g., [1]) that increasing the size of a collabo-
ration can have an ambiguous or even deleterious effect on
result quality [14]. In Wikipedia, moreover, there is no se-
lection process for editors (beyond having a computer, an
internet connection, and the time and energy to devote to un-
paid work) and no direct supervision of editing; and the “dis-
tributed moderation” system used in Wikipedia to resolve
disputes has been shown in other domains to be slow and
only partially effective [17]. While the wiki interface does
facilitate coordination [9, 20, 21], it cannot resolve cultural
[22] or philosophical differences which result in a significant
number of “edit wars” and mass deletions [31].

One might therefore suspect the best articles in Wikipe-
dia to be produced by a few dedicated, exceptional editors.
Indeed, this view has been recently espoused by some of the
most influential members of the Wikipedia community [25].

In this paper we demonstrate that there is a strong over-
all correlation between number of edits, number of distinct
editors, and article quality. This correlation is observed af-
ter article visibility, popularity, and age have been carefully
taken into account. We further exhibit evidence of more co-
operation in the development of the high-quality articles than
other articles. This evidence includes a strong correlation be-
tween discussion (talkpage) activity and article quality, more
edits per editor to high-quality articles, and a markedly dif-
ferent pattern of editors’ responses to other edits on these
pages. Our study encompasses all 50 million non-robot edits
to the 1.5 million articles in the English language Wikipedia
made between its inception in January 2001 and November
2, 2006.

We also show that Wikipedia articles accrete edits accord-
ing to a simple feedback mechanism in which edits beget
edits. That is, the number of new edits to a given article in
a given period of time is a randomly varying percentage of
the total number of previous edits. This stochastic process
produces a lognormal distribution in the number of edits
per article for articles created during a particular time slice,
where the distribution parameters µ and σ2 depend linearly
on the age of the time slice. A statistical test is shown to be
in strong agreement with the lognormal distribution, and the
linear evolution in time of µ and σ2 is demonstrated.

The lognormal distribution of edits per article in Wikipe-
dia means that a small but significant population of articles
experience a disproportionately high number of edits and ed-
itors, while the vast majority of articles undergo far less ac-
tivity. The heavy tail of highly-edited articles, representing
topics of particular interest or relevance, are thus naturally
brought to the forefront of quality. In addition, the mech-
anism implies that articles do not reach a steady state but
continue to accrete edits regardless of their age, a prediction
which is confirmed by the data.

The structure of this paper is as follows. We first dis-
cuss the overall dynamics of the growth of Wikipedia arti-
cles and their implications. We then demonstrate the correla-
tion between quality and increased editing activity. Finally,
we present evidence for increased cooperation in the high-
quality articles. Our data set, including the method used to
remove edits made by robots, are described in the appendix.
The statistical tests used to justify the lognormal distribution
of edits per article are also described in the appendix.

Dynamics of article growth
To address the subject of how edits contribute to article qual-
ity, we first examine underlying patterns in the way Wiki-
pedia articles accrete edits. While individual users exhibit
highly variable editing activity, the overall dynamics of edit
accretion is well-described by the following simple mecha-
nism.

Consider the number of new edits ∆n(t) to an article
made between time t and time t + dt, an interval of perhaps
several hours. Of course, complicated fluctuations in human
behavior and activity cause this number to vary in a random
way, but we claim that ∆n(t) is on average proportional to
the total number of previous edits. This is expressed mathe-
matically as

∆n(t) = [a + ξ(t)]n(t),

where n(t) is the total number of edits to a given article up
until time t, a is a constant (average) rate of edit accretion,
and ξ(t) is mean-zero random term accounting for fluctua-
tions. The total number of edits at time t + dt is thus given
by

n(t + dt) = n(t) + ∆n(t) = [1 + (a + ξ(t))]n(t). (1)

Because of the random nature of human activity embod-
ied by ξ(t), the number of edits to a given article at a given
time can be predicted only within a range of values specified
by a probability distribution. Previous work on similar pro-
cesses, such as the evolution of the World Wide Web [15]
and many others (e.g., [26]), has shown that the distribution
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resulting from equation (1) is lognormal5 and given by

P [n(t)] =
1

n
√

2π
√

s2t
exp

[
− (log n− at)2

2(s2t)

]
, (2)

where s2 is the variance of the ξ(t). This equation shows that
the distribution parameters µ = at and σ2 = s2t are linearly
related to the age t of the article. µ and σ2 represent the
mean and variance, respectively, of the log of the data, and
are thus related to but not equal to the distribution mean and
variance. In practice, we considered articles created during
a time slice of average age t in order to obtain enough data
points to constitute a distribution. Provided the time slice is
not too long, editing within the slice does not corrupt the
distribution much.

Equation (2) was verified by a study of the 50.0 million
edits made by the 4.79 million non-robot contributors to
the 1.48 million articles of the English-language Wikipedia
between its inception in January 2001 and November 2,
2006. A statistical test of all time slices yields a p-value of
greater than 0.5 for 47.8 % of the 3688 relevant time slices
for the lognormal distribution (further details on the test and
the data are provided in the appendix).

The distribution of edits for articles in various time slices
is illustrated in figures 1, showing the actual lognormal
distribution with its heavy tail, and 2, which more effec-
tively demonstrates the accuracy of the prediction of the
model. Note in figure 2 that the distribution mean increases
with age, as expected from the feedback model. The overall

5 In equation 1, the noise terms at different t are assumed to be uncorre-
lated. In fact, as one might expect, the percentage increase in edits does
demonstrate a small positive autocorrelation over periods of less than 20
to 30 days. Since the autocorrelation length is finite, however, the central
limit theorem may still be applied to obtain a log-normal distribution; the
difference is that the rate parameter a must be modified to account for the
autocorrelation [2]. Because the modification is small, for the sake of sim-
plicity, we do not include it here.
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Figure 1. Distribution of the number of edits per article for ar-
ticles of age t = 240 weeks. The plot was truncated at the high
end of both axes for readability; in fact, there are articles in this set
with many thousands of edits, and hundreds of articles with very
few edits. The best fit lognormal curve is included for comparison.

growth of Wikipedia is also observed in the form of higher
total numbers of younger articles.
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Figure 2. Distributions of the logarithm of the number of edits
per article for articles of ages t = 240 (top panel), 180 (middle), and
120 (bottom) weeks. Because the distribution of edits per article is
lognormal, the logarithm is normally distributed, and the best fit
normal curve is included for comparison.
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The variation of the distribution parameters µ and σ2

with age is demonstrated in figure 3. The linear dependence
is highlighted by the fitted curve6. Anomalous time slices
which do not fit the overall trend include two periods in
which a large number of rather trivial articles with low edit
counts were created at once, and the recent data containing
a large number of short “stub” articles which have yet to
be combined into regular articles or deleted. These slices
contain an unusually high number of articles with low edit
counts.

The lognormal distribution has a heavy tail at the high
end, implying that a small number of articles accrete a dis-
proportionally large number of edits. As we show below, ed-
its correspond on average to an increase in article quality.
The feedback mechanism of edit accretion thus results in a
small body of high quality articles. These high quality ar-
ticles deal with topics of high visibility or relevance, while
the vast majority of Wikipedia articles are relatively infre-
quently edited and have far lower visibility7.
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Figure 3. Evolution of the mean µ (top) and variance σ2 (bottom)
of the lognormal distribution of edits per article. The articles are
grouped by age in weeks.

6 The reason that the fitted line does not go to 0 for as the age approaches
zero is the correction due to the finite autocorrelation time in the ξ(t) term
discussed in the previous footnote.
7 Since each time slice follows a lognormal distribution, the overall distri-
bution of edits per article is a mixture over time of lognormals with linearly
varying µ and σ2, multiplied by a factor accounting for the overall growth
of Wikipedia. This integral is not analytic for the time frame of our data, but
by numerical integration can be shown to retain a lognormal character. In
the long-time limit, the integral tends towards a power law if overall growth
is exponential [15]. However, the time frame of our data set is not the long
time limit, in contrast to the findings of [4] who report a power law fit for
the overall distribution of edits per article.

Editing and article quality
As discussed in the introduction, it is of interest to determine
whether extensive editing by a large number of diverse con-
tributors increases article quality.

To test for a correlation between editing and article qual-
ity, we compared counts of edits and distinct editors on Wi-
kipedia “featured” articles to corresponding counts all other
articles. Featured articles are selected by the Wikipedia com-
munity as “the best articles in Wikipedia,” according to cri-
teria such as accuracy, neutrality, completeness, and style8.
They undergo a rigorous review process and are demoted if
they do not continue to uphold these high standards. In our
data set, there were 1211 featured articles, or 0.081 % of all
English-language articles.

It is crucially important to control for topic popularity,
article visibility, and article age when comparing editing ac-
tivity on two populations of articles. If one of the populations
has, for example, more popular articles than the other, then
it may have more edits per article simple because of popu-
larity. The connection between age and editing was demon-
strated in figure 3, while the connection between popularity
or visibility and editing is apparent, but not the main point
of, figure 4 below. To control for these factors, we took the
following three steps.

First, to account for topic popularity, we noted that Goo-
gle pagerank9 has been shown to correlate strongly to the
number of times a Wikipedia page is viewed [28] and is thus
a useful and accurate proxy. We grouped the articles by their
pagerank, an integer between 0 and 9, and compared the fea-
tured and non-featured articles separately for each pagerank.

Second, we normalized the counts of number of edits and
distinct editors by article age before comparing articles of
different populations. In particular, for an article A of age t
having undergone n edits, we computed the quantity

x(A) =
log n− µ(t)

σ(t)
, (3)

where µ(t) and σ(t) were previously measured to be the
average and standard deviation, respectively, of log n for all
articles of age t. The logarithm of n was used because, as
previously discussed, the overall distribution of edit counts
on Wikipedia articles is roughly lognormal10. An analogous
procedure was used to compute an age-normalized measure
of the number of distinct editors for each article.

Finally, to account for the special attention featured arti-
cles may receive while they are mentioned on the main page
and while they are under review for featured status, we re-
moved edits generated during the two most active weeks for

8 http://en.wikipedia.org/wiki/Wikipedia:Featured articles
9 http://www.google.com/technology/
10 The mean and variance of samples from a lognormal distribution are
overly sensitive to variations because of the heavy tail, whereas log n is
roughly normally distributed and its samples will be very faithful to the true
distribution.
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each article. In fact, this is probably not necessary, since the
percentage of edits made during the two most active weeks
for the featured population (13.2 %) is actually far lower than
for the rest of the articles (19.2 %), or if age is taken into ac-
count, almost equivalent. The same is true if periods of one
week, three weeks and one month are considered.
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Figure 4. Average and standard deviation (error bars) of the age-
normalized measure of number of edits (top, equation 3), and
number of distinct editors (bottom, analogous expression), grouped
by pagerank. For each pagerank, the discrepancy between featured
and non-featured populations is statistically significant by a huge
margin.

The comparison of the number of edits and distinct ed-
itors for featured and nonfeatured populations is shown in
figure 4, demonstrating the correlation between number of
edits, number of distinct editors, and article quality in Wi-
kipedia. Because of the large number of articles in the data
set, the differences between the populations for each page-
rank are statistically significant by an exceedingly wide mar-
gin11.

11 For example, given the results shown in figure 4, the probability (p-
value) that the featured and non-featured pagerank 7 articles come from
the same distribution is uncalculably small: less than 10−16. A t-test
is appropriate because the statistic x from equation 3 is approximately
normally distributed. See also table in the appendix.

As to the question of causality between edits and qual-
ity, recall that in general, as we showed, articles continue to
accrete edits and evolve instead of reaching a steady state.
Resolving causality in an aggregate sense is thus most likely
impossible. Indeed, the development of an article is a highly
complex process [29] and both directions of causality be-
tween editing and quality are likely to play a role.

Cooperation and article quality
As a final subject, we consider the question of how Wikipe-
dia editors collaborate to produce high-quality articles, as
opposed to other articles. While detailed examination has
been used to explore the evolution of individual articles [31],
such methods are difficult to apply on a large scale. In this
section we again consider all edits to 1.5 million articles in
the English-language Wikipedia and compare metrics of co-
operation on the featured and nonfeatured populations.

Most Wikipedia articles have an associated talkpage12,
which editors use to engage in discussions about the con-
tent of the article. One measure of cooperation for an article
is the amount of activity on its corresponding talkpage. To
measure this activity, we obtained the number of revisions
to talkpages and compared the populations of featured and
nonfeatured populations, following the same procedure as
for articles. The results of this procedure are shown in fig-
ure 5 and demonstrate a strong correlation between number
of comments posted to a talkpage and quality of the corre-
sponding article. As for the articles, the differences between
the populations are statistically significant by a wide margin.
It is worth noting that the difference between the featured
and nonfeatured populations is more distinct in this figure
than the corresponding plots for edits and distinct editors,
suggesting that cooperation could be a more important indi-
cator of article quality than raw edit counts. It is also inter-
esting that talkpage revisions decrease with pagerank within
the featured population.

12 http://en.wikipedia.org/wiki/Wikipedia:Talk page
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Figure 5. Average and standard deviation (error bars) of the age-
normalized measure of number of revisions posted to talkpages,
grouped by the corresponding article’s pagerank.
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Other macroscopic measurements of the featured and
nonfeatured populations provide further evidence that co-
operation is correlated to article quality. Figure 6 shows the
number of edits per editor for the two populations. An editor
is very unlikely to engage in cooperative authoring without
making at least several edits. The greater number of edits per
editor for the high-quality population indicates that such be-
havior is more common in this set. By contrast, popularity of
topic is almost completely uncorrelated to editor dedication,
on average, as shown by the nearly constant number of edits
per editor over all pageranks for the nonfeatured population.

Finally, figure 7 shows proportions of highly-edited ar-
ticles grouped by the percentage of time an edit was made
within 30 minutes of the previous edit and by a different (hu-
man) editor. Articles were chosen as highly-edited if their
age-normalized measure of the logarithm of the edit counts
(equation 3) was greater than 2.5; there were 229 such fea-
tured articles and 19056 nonfeatured. The period of 30 min-
utes was chosed arbitrarily, but a similar trend is observed
for periods ranging from 10 minutes to an hour. Similar re-
sults are also observed for less highly-edited populations of
articles.

The different trends exhibited in the panels of figure 7
for the featured and non-featured populations suggest that,
in general, the article creation process occurs differently for
these two populations. Edits which are not “quick succes-
sion” are made either long after the previous edit, or by the
same editor who made the previous edit. When most of an
article’s edits were not made in quick succession, it indicates
that the article was created primarily by individuals working
alone. The larger percentages of quick succession edits in
the high-quality population of articles thus suggests that the
creation process involved more cooperation13.

13 Increased cycles of vandalism and repair or “edit wars” [31] could also
play a role in the trends of figure 7, but such analysis is beyond the scope of
this paper

1 2 3 4 5 6 7 8
0

1

2

3

4

5

6

7

8

9

10

Pagerank

A
ve

ra
ge

 n
um

be
r o

f e
di

ts
 p

er
 e

di
to

r

 

 
Non−featured articles
Featured articles

Figure 6. Number of edits per editor for nonfeatured (average and
standard deviation) and featured (average) populations, grouped by
pagerank.
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Figure 7. Proportion of highly-edited articles, grouped by per-
centage of times an edit followed within 30 minutes of the previous
edit and was made by a different (human) editor

Conclusion
We have shown that the high-quality articles in Wikipedia
are distinguished from the rest by a larger number of ed-
its and distinct editors, having carefully controlled for arti-
cle visibility, popularity, and age. Furthermore, we demon-
strated more intense patterns of cooperation in the high-
quality articles than in other articles. These findings are in
contrast to observations of cooperative efforts in other do-
mains where result quality does not necessarily increase
with the number of collaborators. While we did not explore
the question of how Wikipedia succeeds where other large
collaborative ventures fail, possible reasons include the ef-
ficiency of the wiki interface, the Wikipedia community’s
strong emphasis on coordination and organization [32], and
details of the processes and policies used to facilitate coop-
eration [23].

Additionally, we have have shown that although Wikipe-
dia is a complex system in which of millions of individu-
ally unpredictable editors collaborate in an unscheduled and
virtually uncontrolled fashion, article growth follows a very
simple overall pattern on average. This pattern implies that a
small number of articles, corresponding to topics of high rel-
evance or visibility, accrete a disproportionately large num-
ber of edits, while the vast majority of articles experience
far less activity. Subjects of particular importance or popu-
larity are thus naturally brought to the forefront of quality,
validating Wikipedia as a successful collaborative effort.

Acknowledgments: We thank Travis Kriplean for his work
in helping process the data set and Yuri Karaban for his
Perl module. A preliminary version of this paper appeared
in First Monday 12, 4 (2007).
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Appendix: Methods and Data
The raw data for our study were all 55.3 million edits to the
English-language Wikipedia made between Wikipedia’s inception
in January 2001 and November 2, 2006. This data included user-
name or url, page title, and timestamp. From the raw data, we elim-
inated redirect and disambiguation pages, which are articles with
no content that merely point to other articles, and edits made by
robots. Redirects and disambiguation pages were identified using
simple text analysis. Robot edits were identified using the list of
registered Wikipedia robots14, and by identifying edits made by
a single user in improbably quick succession. This process elim-
inated 5.23 million edits, or 9.5 % of the original 55.3 million.

A small percentage of articles were not used because of techni-
cal difficulties in the title caused by rare foreign characters. Google
pageranks were obtained by querying Google15. Some recent arti-
cles did not yet have a pagerank and so pagerank zero articles were
not included in the analysis.

To test the lognormal fit and obtain the quoted p-value, we
applied a typical χ2 fitting procedure to each time slice using the
likelihood ratio statistic [24]. In this test, the time slice length was
variable because of the overall growth of Wikipedia; more recent
articles were grouped into smaller slices because otherwise the
distribution was skewed by edits made within the slice. In practice,
we chose time slices long enough to contain 400 articles. The
expected distribution for each slice was calculated using the slice’s
sample mean and variance, and the data was grouped into bins
whose width was the minimum required to make the expected count
greater than 8. Of course, slight variations in the quoted p-value, on
the order of several percent, were obtained by varying the time slice
length and bin size.

Finally, the following tables provide justification that article
age and popularity are different for the featured and nonfeatured
populations.

pagerank ≤ 3 4 5 6 7 ≥ 8

featured 0.4 3.3 18.9 29.8 46.3 1.4
nonfeatured 10.7 47.7 34.4 6.7 0.4 0.01

Table 1. Percentages of articles, by pagerank, for featured and
nonfeatured populations

pagerank ≤ 3 4 5 6 7 ≥ 8

featured 440 564 823 1310 1360 1650
nonfeatured 364 486 661 1150 1570 1701

Table 2. Average age, in days, of article populations
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