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h i g h l i g h t s

• We study inter-event time distribution of editing behavior on Wikipedia.
• We observe a double power law distribution for the inter-editing behavior at the population level.
• We observe a single power law distribution at the individual level.
• We reveal that the synchronized editing behavior among users plays a key role.
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a b s t r a c t

Westudy human behavior in terms of the inter-event time distribution of revision behavior
on Wikipedia, an online collaborative encyclopedia. We observe a double power law
distribution for the inter-editing behavior at the population level and a single power law
distribution at the individual level. Although interactions between users are indirect or
moderate onWikipedia, we determine that the synchronized editing behavior among users
plays a key role in determining the slope of the tail of the double power law distribution.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction 1

The current availability of enormous amounts of digital information on human activities facilitates the analysis of 2

temporal activity patterns of various human dynamics. Bursty behavior, which leads to a heavy-tailed inter-event or 3

response time distribution, has been observed in a wide range of human dynamics; these include communication patterns 4

in mail [1–6], short message correspondence [7], mobile phone records [8–10], web surfing [5,11–13], library loans [5], 5

printing requests [14], networked games [15], online chatting [16], and file downloads [17]. 6

To the best of our knowledge, there are three approaches to studying bursty behavior. The first approach investigates 7

empirical patterns in terms of inter-event (or response) time distributions [1,3–5,7]. Although there has been a longstanding 8

controversy regarding the power law behavior of the inter-event time distribution, various universality classes in the power 9

law distribution have been reported from various temporal human behaviors [5]. Moreover, empirical evidence has revealed 10

that the bimodal distribution is neither completely Poisson nor exhibits power law behavior [7]. The second approach 11

determines the origins of bursty behavior. A queueingmodel for a to-do list with a highest-priority-first protocol [3,5] is the 12
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Table 1
The most active and least active articles of the 418 featured articles.

Article # of edits # of users

Michael Jackson 27,188 6437
Jesus 26,920 6621
The Beatles 21,718 6631
Aelle of sussex 402 182
Japanese aircraft carrier Soryu 341 156
Japanese aircraft carrier Hiryu 313 169

best-knownmodel that explains heavy tails in inter-event time distributions. Periodic cycles of human activity also provide1

a good alternative explanation to the heavy tails [6,18]. The last approach suggests a new definition or rescaling method2

for the time interval in terms of hidden scaling patterns and universality [19–21]. Underlying similarities between surface3

letters and e-mail are successfully revealed by rescaling time intervals [19]. Furthermore, a new timingmethod to eliminate4

activity heterogeneity in temporal human behavior was recently introduced [20,21].5

Wikipedia is an online collaborative encyclopedia that has grown exponentially in terms of its number of users and6

information since 2001 [22]. It is considered to be a success story of low-cost collaborative knowledge systems. Anyone7

with access to this online encyclopedia can edit almost all of its articles. Wikipedia also provides a revision history for its8

articles that includes when an article was revised and who revised it. Therefore, the revision history is one of the best tools9

for determining temporal activity patterns of collaborative human behavior on the Internet.10

In this work, we investigate the distribution of inter-editing time intervals between two successive edits of Wikipedia11

articles at both the individual andpopulation levels. Interestingly, at the individual level, a single power lawdistributionwith12

an exponent of α ≈ 1 is observed. However, at the population level, a double power law distribution is observed. The latter13

distribution exhibits two exponents, α ≈ 1 for shorter time intervals and α ≈ 2 for longer time intervals. Previous studies14

on the distribution of inter-event times between two consecutive events for e-mail, mobile phones, and short message15

correspondence [6–8] provide empirical results for the temporal activity pattern of a single person when there is explicit16

correspondence with other individuals. In contrast to direct communication, editors ofWikipedia articles interact indirectly17

with other individuals; this interaction is implicitly mediated by the articles that are continuously revised by Wikipedia18

users. Our study reveals new evidence and insight on the temporal patterns of collective human behavior when there are19

indirect or moderate interactions between users.20

2. Methods21

Wikipedia’s editors determine the featured articles that are considered the best articles on Wikipedia; as of March 26,22

2014, there were 4200 featured articles out of the total 4,479,603 articles on the English Wikipedia web page. In this study,23

we only considered featured articles. Each article displays heterogeneous statistical properties in terms of the number of24

users and editing frequency according to its popularity [23]; however, the time of the first editing event differs greatly from25

article to article; thus, we only focused on the 418 featured articles that had their first editing event in 2001 to obtain some26

homogeneity. Although these articles have existed for approximately 13 years, their degree of activity differs in terms of the27

number of users involved in their development.28

To clearly compare patterns in the probability distribution of inter-editing time intervals according to their degree of29

editing activity, we selected the three most active articles and the three least active articles, in terms of number of edits,30

from the 418 featured articles. The topics of the most active articles were ‘‘Michael Jackson’’, ‘‘Jesus’’, and ‘‘The Beatles’’;31

the topics of the three least active articles were ‘‘Aelle of Sussex’’, ‘‘the Japanese aircraft carrier, Soryu’’, and ‘‘the Japanese32

aircraft carrier, Hiryu’’. Table 1 shows the total number of edits and the number of unique users for each article.33

To study the effects of collective editing behavior, wemeasured the probability distribution of inter-editing time intervals34

at both the individual and population levels of same article. For example, the temporal edit pattern of ‘‘the Japanese aircraft35

carrier, Hiryu’’ is shown in Fig. 1. The edit history of each individual user was separated from the entire edit history for a36

single article. At the population level, we measured inter-editing time intervals using the complete editing history of all37

users. At the individual level, we measured inter-editing time intervals using each individual user’s edit history.38

3. Results and discussion39

Patterns of inter-editing time intervals at the individual level. To observe patterns in the inter-editing time interval, τ , at the40

individual user level, we extracted a single user’s editing history for a particular article and measured the inter-editing time41

interval of that user. We collected the inter-editing time intervals of all single users who participated in collective editing42

behavior for the same article. Using these time intervals, we obtained a distribution of inter-editing time intervals at the43

individual level for each single article. As shown in Fig. 2, the probability distributions follow a power law distribution with44

exponent α ≈ 1. Notice that they are identical for all six articles, even though their number of edits and users differ.45

Patterns of inter-editing time intervals at the population level. There are various perspectives of understanding collective46

behavior between users in editing Wikipedia articles, especially editorial wars and disputes are well known and studied47
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