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ABSTRACT

Wikipedia has millions of articles, many of which receivitlé at-
tention. One group of Wikipedians believes these obscutréesn
should be removed because they are uninteresting and tesfjlec
these are thdeletionists. Other Wikipedians disagree, arguing that
this long tail of articles is precisely Wikipedia's advag¢aover
other encyclopedias; these are thelusionists. This paper looks
at two overarching questions on the debate between ddktsa@nd
inclusionists: (1) What are the implications to the lond tdithe
evolving standards for article birth and death? (2) How ewi
ership affected by the decreasing notability of articleshie long
tail? The answers to five detailed research questions tkainar
spired by these overarching questions should help be#terdithis
debate and provide insight into how Wikipedia is evolving.

Categories and Subject Descriptors

H.3.4 Information Systemg: Systems and Softwarehforma-
tion networks; H.5.3 [Information Systemg: Group and Organi-
zation Interfaces-eomputer-supported collaborative work

General Terms
Human Factors, Measurement
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1. INTRODUCTION

Wikipedia has emerged as one of the world’s most populai-dest
nations on the web. With millions of articles on a staggeviagety
of topics, Wikipedia has successfully established itselaaiseful

1.1 Wikipedia and Related Work

The fascination with Wikipedia extends beyond its readBes-
searchers from numerous academic fields have also takere whti
Wikipedia, recognizing it as a ecosystem consisting of mater-
esting processes that are ripe for study.

Community Collaboration. Wikipedia’'s core idea is that any-
one can edit just about anything on the site, and aHadf its con-
tent comes from the people who use it. At first thought, thissis
like a recipe for disaster — how can a group of ordinary peaypie
a good encyclopedia? Why would someone volunteer to do this?
What about people who do not know what they are doing? How
can we know whether people are writing good articles?

Despite these challenges, Wikipedia’s reliance on its aeer-
munity seems to be working, and researchers have workedro le
more about how and why. A study by Kittur, et al. found that as
much as 50% of the early work on Wikipedia was done by a tiny
group of “elite” contributors making up less than 5% of its-ed
tor population [10]. However, the study finds that in recémies,
the balance has shifted toward a larger number of infreqoemt
tributors, with the work done by the elites declining to I¢isan
30%. Bryant, et al. studied several individuals’ motivagdfor
“becoming Wikipedian,” learning about difficulties and sasses
they experienced along the way [4]. Viegas, et al. introduzei-
sualization tool to help understand patterns in how pes@édits to
an article have shaped and reshaped the article over tinhe [16

Conflict and Vandalism. Of course, letting anyone edit any ar-
ticle also has downsides. There can be disagreement amosg th
who are working on an article, leading to conflicts and arguisie
about the article’s content. Kittur, et al. have studied sveyiden-
tify and visualize conflict, finding that it has been on theeras
Wikipedia grows [11]. Vuong, et al. developed models to dittee
presence of controversy by looking at how people add andelele
words when editing an article [17].

Also, some users are malicious and will vandalize Wikipedia

compendium of general knowledge, and is read in excess of 150ticles by deleting content, adding nonsensical conteninject-

million times per day [15]. Some might even consider itslpbea
of information to be an addictive time sihk
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ing misinformation. Viegas, et al. used their visualizatiool to
identify and study the edit patterns commonly used by vandatl
the response they receive from the rest of the community.irThe
results suggest that Wikipedians are fast at repairing &meage
vandals cause, with more than half of mass content delelieimg
addressed within three minutes [16]. Priedhorsky, et ataliered
that the visible impact of vandalism in Wikipedia to its resslis
small but rising rapidly [14].

Governance. Dealing with issues such as conflict and vandal-
ism lead to the need for governance. There must be policiastab
what types of behavior are acceptable or unacceptableggsos
to guide how conflicts are resolved, and guidelines reggrdin
ticle content and style. Wikipedia is largely self-goveugni with



many decisions being made by the users themselves. A nurhber o and Huberman found that in collaborative tagging systernss;i-d

studies have focused on this self-governance, seekingiio &bout
things such as about how consensus forms and evolves [60r12],
how policies are used to guide collaboration [3].

Content Quality. Finally, the content itself in Wikipedia is also
of much interest. Some see it as a vast source of general &dge/|
and wonder if the semi-structured content can be used ireistiag
ways. For instance, Milne, et al. developed ways to autarathyi
generate domain-specific thesauri from Wikipedia articl€bey
found that the generated thesauri offered good coveragenanel
contemporary language usage than expert-created ones [13]

However, because Wikipedia’'s content is not necessarilys wr
ten by experts, much debate exists whether it is completay-ac
rate, and high-quality. Giles compared the quality and esxyuof
Wikipedia andEncyclopedia Britannica and found that to the sta-
tistical limits of the study, the number and distributionesfors in
the two encyclopedias was comparable [7]. Wilkinson ande#ub
man find that one distinguishing factor of high-quality Wikdia
articles is a larger number of editors [18], which is perhepsn-
terintuitive given the old adage: “too many cooks spoil thett.”

1.2 The Long Tail

In our work, we look at an area related to the wide breadth of
article content on Wikipedia, but that has ties to the othecgsses
described above as well: community collaboration, corsfliend
policies. Specifically, we explorthe long tail of Wikipedia arti-
cles. We look at what the long article tail is and how it is euag
as people create more articles. We also study how the lohig tai
being affected by the policies that govern what topics aitalsie
for articles, and the ongoing conflicts among people whogies
about these policies.

Before we formally state our research questions, we destinido
phenomenon of the long tail and how we apply it in the contéxt o
Wikipedia. The Long Tail is a term introduced by Chris Ander-
son, the editor-in-chief oiMred, that refers to a business strategy
that received much attention in recent years [2]. The loiigéds
its name from the natural long-tailed and heavy-tailedritistions
appearing in consumption rates of many types of products asc
books, songs, or movies. In these distributions, a smalllb@m
of popular “hits” dominate, while a large number of itemsttima
dividually have little consumption form the so-called “tpmail.”
Many of these distributions are power laws.

The long tail strategy is to bolster a business’s perforragmc
finding ways to offer items from the long tail at little to nosto
to the business. The theory is that while each long tail itehy o
gets purchased a few times, their aggregate sales can cignigi
increase revenue. Traditionally, this strategy has nat b&ble for
physical stores because selling everything in the tail ireguoo
much floor space. Thus, retail stores must carefully chodsat w
items they stock, and they naturally gravitate toward highume
“hits” from the head of the distribution.

However, the long tail strategy is usable by web-basedleesai
because physical storefronts are not required. Warehqase $s
cheaper than retail space, so it becomes possible to stdosftam
more items. Furthermore, in some domains such as digitalcnus
the cost of storing items is negligible since the items comeslittle
to no physical space.

The long tail has also been used to describe phenomena in non-

commerce domains such as blogs, social networks, and taggin
Here, the long tail often refers to the natural long-tailéstribu-
tions found in these domains rather than to a businessgyrdter
instance, the influence of blogs is described as a long taldar-
wal, et al in their work to identify influential bloggers [1{older

butions of tag usage can be modeled using a stochastic uragzo
that naturally yields long-tailed distributions [8].

In the context of Wikipedia, we apply the long tail to its et
tion of encyclopedia articles and the viewership that eatibla
receives. As a point of reference, consider that the 200@uBtica
Encyclopedia Suite contains 65,000 artiélewhich is well less
than 5% of the millions of articles in the English Wikipedidsing
a Wikipedia web log dataset that we describe in section 2; dur
ing the last three months of 2007 the top 65,000 Wikipedialas
ranked by visits comprise less than 60% of all visits to Wikl
articles. So, if we consider the remainder of Wikipediacies to
be the long tail, it makes up over 40% of Wikipedia traffic, ati
is about 60 million article views per day as of late 2008 [15]!

Other researchers have explored different manifestatibise
long tail in their studies of Wikipedia. Kittur, et al's ayals sug-
gested the emergence of a long tail of user participationhichv
much work is being done by a large group of people, each of whom
only does a small amount of work [10]. Wu, et al. found thatuke
of infoboxes, a specific type of structured data found in Yékiia
articles, follows a long tail distribution, and proposedyso im-
prove automated information extraction methods in the gires
of such a skewed distribution [19]. The present paper is tisé fi
research to look deeply at the questions of the long tail ficlar
readership, combined with an exploration of how issues tilar
mortality influence the evolution of the long tail.

1.3 Research Questions

In the rest of the paper, we first discuss the datasets we use fo
our analysis, and then address the following five researehtipns,
in one section each.

RQ Long Tail Visits: To what extent do Wikipedia viewers look
at articles in the tail?

RQ Wikipedia Growth: How have article birth and mortality
rates changed over time?

RQ Topic Notabhility: As time passes, are the articles that survive
in Wikipedia increasingly on obscure topics?

RQ Deletion Reasons: What are the reasons given for deleting
articles? How do these reasons relate to the long tail?

RQ Article Life Span: When in the life of an article is it most
likely to be deleted?

The present research is different from many other projéztts t
study group dynamics in that it is a study of a single dishict
community. Because of the distinctive — some say unique pgsro
ties of Wikipedia, it is not obvious how to extrapolate thessults
to other communities. We argue that Wikipedia is such an mpo
tant group activity, with millions of visitors eveay, that research
that helps understand how and why it works is independentéyr-
esting, even if it is not obviously generalizable. We furtepecu-
late that the successes of Wikipedia, if deeply understomdjead
to the design of computer support for other groups that canesh
some of those successes. However, the scope of the pregemt pa
is limited to deepening our understanding of Wikipedia.

2. DATA

Most of our analyses are performed using the informationcesu
that are described below.
English Wikipedia data dump files. These are several datasets
that were made available on the Wikipedia database dowsiogd
at various times between 2006 and 2008. Each dump contains a

2http:/ftinyurl.com/britannica-size
Shttp://download.wikimedia.org/enwiki/



Cumulative Distribution of Article Visits During Oct 2007 — Dec 2007
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Figure 1: Complementary cumulative distribution function of
Wikipedia article visits on log-log scales. Visits betwee®cto-
ber 1, 2007 and December 31, 2007 are counted. The dashed
and dotted lines are maximum-likelihood estimate fits to the
log-normal and power-law distributions.

snapshot of all articles that existed on Wikipedia when thmpl
was created. The data provides information about evergiaur-
vision (i.e., time of creation, author, and edit comments).

In this paper, all of our analysis is confined to flain names-
pace. We make this distinction because we are interesteifispe
cally in the encyclopedic content available on Wikipediajeh is

Article Visits vs. Rank
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Figure 2: Rank-frequency plot of Wikipedia article visits on
log-log scales. The top two most visited pages, which appetar
be outliers, are the “Main_Page” and “Wiki” articles.

this representation of the data allows us to see whetherigiié- d
bution is a power law by looking at whether the CCDF is a shraig
line. Furthermore, this representation is more robustregaiases
and noise in the data than the probability density functioraak-
frequency plots [5, 9].

Figure 1 also shows maximum-likelihood estimate fits to the
power law and log-normal distributions. The CCDF shows a dis
tinct curve, and is a much better fit to a log-normal distiigmuthan

stored in theMain namespace. Other Wikipedia namespaces are to a power law. This result is in apparent conflict with a Wedia

not considered in our analyses. These namespaces inclede on
such asTalk, which contains meta-discussions about artidlsy,
which contains personal information about Wikipedia usersd
Wikipedia, which contains information specific to Wikipedia itself
(e.g., help pages, community standards, content guidgline

English Wikipedia event log. The Wikipedia download site also
provides a log of special events that have occurred on Wkipe
These events include administrative meta-actions sucloakibg
abusive users, renaming articles, or granting users wibiajflags
or privileges. Of particular interest to our analysis, tlig also
contains information about article deletions, includimg fgiven
reason for deletion.

We note that by deletion, we mean the case where an adminis-

trator has removed the articknd all of its revision history from
public view. We do not consider cases where a user simplesras
all the text from an article, since the removed text is sahdily
available by browsing the article’s revision history.

Sample of Wikipedia web logs.The Wikimedia Foundation has
graciously supplied us with an anonymized feed of the welkssc
log for their web servers. The feed contains the URL and tiamep
of every 10th HTTP request. This log allows us to accuratsly e
timate how many people are reading each Wikipedia articlgteN
that because of this sampling, all reported viewership éiguare
approximately a factor of ten below their actual values.

3. LONG TAIL VISITS

First, we will look at the overall distribution of visits auss
Wikipedia articles to get a sense of what Wikipedia’s lontichr
tail looks like. For this analysis, we used a web log sampbenfr
October 1, 2007 through December 31, 2007.

To visualize this distribution, we present it as a completaign
cumulative distribution function (CCDF), which is shown fig-
ure 1. The value of the CCDF is equal to one minus the value of
cumulative distribution function. When plotted on a logtlecale,

article that examines the traffic of the top 1,000 most visa€ti-
cles and concludes that beyond the top few articles, theliison
looks like a power lat. The reason for the disagreement is that of-
ten power law and log-normal distributions appear the saimenw
looking at only a few orders of magnitude on a log-log scaléew
the Wikipedia data are extended to the full set of articlather than
just the top 1,000, the function is clearly non-linear (fig@), and

a power law fit can be ruled out.

The observation that Wikipedia traffic is not a power law eais
interesting questions about Wikipedia's evolution. Thaditions
lend themselves naturally to a long tail power law scengpiaic-
tically unlimited storage for articles, low barrier to eptand ef-
ficient digital distribution. Yet, the empirical resultsggest the
distribution is much closer to log-normal, which manifette!f
as a truncated power-law distribution or a “drooping tailwhich
there is a deficiency of low-readership articles. One pdi#gils
that the natural distribution would be a power law, but thiieo
factors such as efforts to deter creation of low-value lagibave
“truncated” the distribution such that it has become logamal (for
a discussion of the evidence on this point, see section 6).

Overall, in answer t®RQ Long Tail Visits, Wikipedia traffic does
show a long-tailed distribution, especially over the fistusand ar-
ticles, but do not follow the classic power law over the ensiix or-
ders of magnitude of article popularity. A log-normal distition is
a better description of the data. Some authors argue thapownler
law distributions should be called long-tailed, while athargue
that log-normal distributions should share the name. We'twon
get caught up in argument about terminology here, but wittno
that excluding the 65,000 most popular articles from Wikiipe-
65,000 is the number of articles in the entire Encyclopedia B
tannica — still leaves 60 million article views a day for tlestrof
Wikipedia. So, Wikipedia traffic is substantially increddey the
long tail phenomenon.

“4http://en.wikipedia.org/w/index.php?oldid=222154521




Article Creation and Deletion Rates
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Figure 3: Daily rates of surviving article creation, and article
deletion. Rates are smoothed using a ten-day moving average

4. WIKIPEDIA GROWTH

Before we delve deeper into Wikipedia's evolution over thang,
we first look at the big picture — how has Wikipedia grown? What
broad patterns have there been in the creation and deldtani-o
cles over time?

4.1 Data Challenges

A major issue with the article dumps is that they do not con-
tain any information about articles that were deleted priothe
time that the snapshot was made. The deletions are captuted i
event log, but information about the articles that weretéelés not
present. This leads to several challenges in performinty ses of
article deletion behavior, since there is limited inforraatabout
the vast majority of articles that have been deleted.

Data about deletions occurring prior to December 2004 are un
available, so we only focus on the period between Decemh@t 20
and December 2007 for which we have both creation and deletio
data. Also, robots and users of semi-automated editing5tooba-
sionally perform tasks that introduce substantial noiseutodata.
These tasks include one-off projects such as creatindesrtidout
politicians or animal species by copying information en sesfsom
outside sources. Because the these tasks undergo advsigve re
by administrators and fellow community memiere created ar-
ticles are typically not scrutinized, and are rarely subjeadele-
tion. In order to focus on how Wikipedia’s long article tasl af-
fected by the actions of human users, we exclude articlegente
by known automated processes in our analyses that involee de
tion of articles.

4.2 Article Birth and Death Rates

Figure 3 shows the birth rate of surviving articlesd the death
(deletion) rate of articles, expressed as a ten-day mowercage
to smooth out noise. We present the birth rate of survivitigles
because the true article birth rate is not known due to thie ¢éc
data on deleted articles. Specifically, we do not have datadhs
us when deleted articles were originally created, so we ataaher
termine the total number of articles created during a gineerval.
However, the available data do yield some interesting pate

Shttp://en.wikipedia.org/wiki/WP:AWB
6http://en.wikipedia.org/wiki/WP:BOT
7Our article counts differ from Wikipedia’s published sttiis due
to differences in the definition of an article. We only exauabt-
created articles, whereas Wikipedia includes bot-creatéidles,
but excludes some shorter entries that they consider “riiries.”
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Figure 4: Estimated article mortality rate, smoothed usinga
ten-day moving average.

Note that the death rate tends to follow the surviving bieter
rising and falling mostly in lockstep. This correlation gegts that
if an article death occurs, it tends to be near the time thaitath
ticle was created. Later, in section 7, we use other datésets-
able careful measurement of survival rates and allow uslidate
this conjecture. For now though, we will simply assume thitt a
cle deletions occur near the time of article creation. Mgkinis
assumption allows us to estimate the total article birtk chtring
some period by summing the death rate and the surviving faitéh

With estimates of article birth and death rates, we can coenpu
an estimated article mortality rate and see how it changestiwe.
Figure 4 shows this relationship. While there is much flutitua
in the mortality rate, there is a modest upward trend in nlioyta
suggesting that new articles are being increasingly stibjetele-
tion as Wikipedia grows and evolves. This is consistent vatults
presented in Kittur, et al. that show that Wikipedians aensiing
an increasing amount of their efforts on indirect work — ecifug
policy, dealing with vandalism, and so on [11].

We also find that there is noticeable movement in this maytali
rate that correlates to actions taken by the Wikimedia Fatiod or
its members. In particular, we found the following two instas.

First, in December 2005, the Wikimedia Foundation made the
decision to restrict article creation to users who have aip¥iia
accounf. This was done in response to a high-profile vandalism
incident involving an article about formé&tSA Today editor John
Seigenthaler, Sr. In May 2005, somebody created a hoaxeartic
about Seigenthaler that linked him to the John F. Kennedy and
Robert F. Kennedy assassinations. The article was lefughted
for several months before Seigenthaler learned aboutrit &@ol-
league. After working with the Wikimedia Foundation to hakie
article removed, Seigenthaler published an op-ed artidlkSA To-
day describing the incident and criticizing Wikipedia

Figures 3 and 4 show that during December 2005, the article
mortality rate fell by roughly 30%, while the surviving aite birth
rate remained unaffected. Itis plausible that the newintisin dis-
suaded would-be vandals or pranksters from creating qurediie
articles such as the hoax about Seigenthaler, and therefdueed
the number of articles that required deletion. Howeveryépeieve
was only temporary, as the mortality rate began rising agaon
afterward. Perhaps the barrier of account creation wadficisunt
as a long-term deterrent to undesirable articles.

8http://en.wikipedia.org/w/index.php?oldid=136017357
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Second, in August 2006, Jimmy Wales, co-founder of Wikipedi
gave a keynote talk at the Wikimania conference during whieh
urged Wikipedia contributors to focus on article qualitthex than
article quantity. Wales' keynote received coverage by tlenm
stream media, with articles appearing in tNew York Times!?,
Wired!1, and other outlets. Looking back at figures 3 and 4, we see
that in August 2006, Wikipedia’s article birth rate decated and
the death rate accelerated, leading to a noticeably ebeatizle
mortality rate that remained high for about ten months. é&nse
that Wikipedians agreed with Wales and raised the bar fort wha
constituted an acceptable Wikipedia article.

We stress that we have no solid evidence that these actiares we
directly responsible for the changes observed in Wikipedtivity.
These are interesting correlations that suggest thatrett&ctors
may have a profound effect on the evolution of Wikipedia.

In answer toRQ Wikipedia Growth, we can say that while the
number of articles in Wikipedia is growing, their mortalitgte is
also slowly increasing over time. Of course, from these data
cannot say whether the Wikipedians are applying toughésréi
to new articles, or whether the newly created articles &g #p-
propriate for Wikipedia. We shall return to that questiomhia next
section.

5. TOPIC NOTABILITY

5.1 Deletionism and Inclusionism

The observation that over one-quarter of Wikipedia arsiclee
ultimately deleted leads us to look at a long-running confhiat
has been taking place on Wikipedia for years. The constant in
flux of thousands of articles per day is a source of concern for
some Wikipedians who believe that many articles are abgitgo
that are too obscure and that are not interesting enough o wa
rant a Wikipedia article. These people see such articlesi-as d
luting the overall value and credibility of Wikipedia. Otisebe-
lieve that the ever-growing set of articles is a good thingsiit
allows more opportunities for people to participate, ancleas
sizes Wikipedia’s strengths as a digital resource that loggrac-
tical limit on size. These two philosophies have been |aldetis
deletionism andinclusionism, respectively, and the results of their
influences on Wikipedia and its long tail will be the primaogcéis
of the remainder of this paper.

We now look more closely at how Wikipedia and its long ar-
ticle tail have evolved over time. How do articles that were-c
ated years ago compare to more recently created articles®# Ho
true are deletionist concerns that Wikipedia’s newer kdiare in-
creasingly about obscure topics? What did Jimmy Wales s&e th
triggered his call for focusing on quality rather than qitgat

5.2 Data Challenge: Notability

Article Readership vs. Creation Date
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Figure 5: Geometric mean of the readership of articles plottd
by month of article creation.

To pass Wikipedia’s general notability guidelifas of late 2008,
an article’s topic must have “received significant coveragee-
liable sources that are independent of the subject”. Wikignes
have also established additional domain-specific notglgliide-
lines for things such as books, films, and numb&rhese guide-
lines, while well-articulated, are often imprecise androfeinter-
pretation (e.g., what exactly constitutes “significanterage”?).

Thus, in this paper, we do not propose a way to directly op-
erationalize notability. Instead, we will use metrics thatasure
popularity, which is a related notion that may correlate well with
notability in practice. While it is true that popularity i®nexactly
the same as notability, and that the metrics we use are ableiin
individual cases, we believe that our metrics are a goodypfox
notability if taken in aggregate.

5.3 Readership

The first metric we will consider is readership. We measure
this by counting the number of visits to each article as given
the Wikipedia web log sample, again using the interval Oetdh
2007 through December 31, 2007. Articles that are read nnere f
quently are presumed to be about things that are more well4kn
and interesting to Wikipedia readers, so this metric esésmhow
popular or obscure an article’s subject is.

Figure 5 shows the average readership of Wikipedia artedes
a function of when the articles were created. There is aistrik
downward trend indicating that newer articles are beingvei
far less frequently on average than older ones. This sugjtiest
newer articles tend to be about topics that draw less irtén@s
Wikipedia readers, and are thus more likely to be in the lailg t

One confound here is that newer articles are disadvantagied b
cause they have had less time to integrate themselves mionth

To approach these questions, we need a way to measure the relgtyctyre of Wikipedia, and thus, have fewer backlinks,(o¢her

ative obscurity or popularity of an article. For this, weffittsrn to
Wikipedia’s standards regarding this issue. Wikipediases a ba-
sic criterion calledhotability to decide whether a particular topic
is worthy of an article. There are a wide range of opinions on
the definition of notability and how much it should be taketoin
account when deciding whether an article belongs in Wikiged
Much debate between inclusionists and deletionists hantplace

on Wikipedia regarding notability, and the notability gelicies are
often invoked when discussing whether to keep or deletetatear
that has come under scrutiny.

1Ohttp://mww.nytimes.com/2006/08/07/technology/07whlkinl
Uhttp://mww.wired.com/science/discoveries/news/208671535

Wikipedia pages linking to them). This deficiency of backén
may result in newer articles receiving less traffic sincesibeows-
ing Wikipedia encounter fewer links to new articles than td o
ones. Inturn, one might surmise that traffic to new articlélsstart
low and accumulate over time as more links are created. Bsinv
tigate, we control for the backlink effect by repeating onalgsis
but grouping sets of articles that have similar numbers okliaks.
Figure 6 shows that a similar downward trend still holdshaligh

L2http:/len.wikipedia.org/wiki/WP:N
13This particular guideline was, in part, prompted by a detetie-

bate over an article about the number 3.14, a common appasxim
tion of the mathematical constant Pi.



Readership vs. Creation Date
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Figure 6: Geometric mean of the readership of articles plottd
by month of article creation, grouped by articles with similar
numbers of backlinks. Plots of articles with 1 backlink, 2-3
backlinks, 4-7 backlinks, and 8-15 backlinks are shown.

Change in Readership Share After Six Months

10
I

i || | ||| .||.|||II”| I||.|| ! | ____________

-10 -5

Percent Change in Readership Share
-15

-20

2003 2004 2005 2006 2007
Date of Article Creation

Figure 7: Relative change in total readership share between
October-December 2007 and July-September 2008, plotted by
month of article creation. Only articles created between Ja-
uary 2003 and October 2007 are considered.

the drop over time is smaller, and now appears more lineagdoh
group. Apparently there is an important effect of number atks
links in explaining article traffic, but it alone does notlfuéxplain
the readership differences between older articles andrraatieles.

Additionally, we did an analysis to quantify how article dea
ship changes over time. (Articles may gain readership k=cafi
increases in backlinks within Wikipedia, because of linkaf the
Web as a whole, because of improving position in search esgin
etc.) We hypothesize an asymptotic effect exists wherelastgain
readership for some time before approaching a stable sitesp-
resents its “true” popularity. Thus, over time, newer dscshould
gain readership while older articles remain stable (eiffelt los-
ing readership relative to the whole population).

Search Engine Test vs. Creation Date
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Figure 8: Geometric mean of results of Search Engine Test
plotted by month of article creation. Geometric standard er
ror bars and a best-fit line computed from unaggregated log-
transformed data are plotted as well.

articles tend to be about things that naturally have inkiiaists of
interest, such as current events and new movies or videoggame
Overall interest in such topics then declines over a perfaiire
before reaching some stable state. Further research igchdéed
confirm or refute this explanation, but in any case, our tesib

not show evidence that measuring popularity using the reage
metric is biased against newer articles.

5.4 The Search Engine Test

A second metric that we use to approximate notability is the
search engine test. This is also known on Wikipedia as thegléoo
Test4. This metric is defined as the number of results that a search
engine returns when queried for web pages about a partiyder.
The search engine test provides an estimate of populaatyhtis
the advantage of being mostly independent of Wikipedia. e(Th
presence of Wikipedia and sites that copy its content inflage
values, but their effect is probably small compared to tlze sf
the web.)

However, Wikipedia’s article about the search engine testsy
several caveats in using it to establish the popularity teibty of
a topic, and states that the test’s result alone should nobtihsid-
ered to be authoritative. One major issue described is Hetrth
engines do not disambiguate, and tend to match partial lsest'c
The Wikipedia discussion provides a simple example: thealRen
sance painting/ladonna of the Rocks. Depending on how a search
engine query is formulated, there might be many searchtsesul
about the pop singéviadonna, which would inappropriately make
it appear as if this painting was much more popular than otledr
known Renaissance paintings.

We attempt to control for this problem by restricting our lgais
to articles that have single-word titles. While there il eppportu-
nity for ambiguity (e.g.jaguar could refer to an animal, car manu-
facturer, or football player), we believe it reduces theef of the
problem sufficiently for our purposes. Also, using singlergvti-

To test our hypothesis, we compared the readership figures de tles eliminates the challenge of formulating queries foftirword
scribed above with figures from July 1, 2008 through Septembe titles (i.e., word order or use of quotes), as well as confisuaris-

30, 2008 to see what had changed after six months. Figurewssho

the relative change in article readership share betweemvthdata
sets, again as a function of article creation date. We seetima
trary to expectation, older articles increased their restdp share
at the expense of newer articles, which actually lost residler
share as they aged! One possible explanation for this is1gvager

ing from differences in the distribution of the number of redere-

sults for multi-word searches versus that for single-waakrshes.
We chose a random sample of 5,758 articles with single-werd t

tles and issued basic queries against the Yahoo! searameaumgjing

nttp://en.wikipedia.org/wiki/WP:Google_test



Table 1: Classes of Deletion Reasons.

Class Deletion Reasons

Inappropriate Content

Patent nonsense; vandalism; attack pages; blatant adrgrtcopyright infringement

No Content/Context

Insufficient context to identify subject of article; inseafeént substantive content

Notability/Significance

Failure to assert importance or significance; non-notaldgest

PROD/AFD/VFD

Proposed deletion; articles for deletion; votes for defeti

Wiki Maintenance

Redirect to a non-existent page; technical deletion (usedehaming or moving articles, merging artidle
histories, and other maintenance-related tasks)

Other

Creator requests deletion; creation of previously deletaterial; all other policies

Unknown

No recognized key words or key phrases

their APIL5, We were unable to test all single-word title articles in a
reasonable amount of time due to limitations imposed by W&o
usage policy. Figure 8 shows the relationship between thenme
number of search engine results and the Wikipedia artieatimnm
date. We see a downward trend similar to the one shown prayiou
for article readership, thus reinforcing the support fertsults ob-
tained using the readership metric: newer articles tencttmobre
concentrated in the long tail and are effectively lengthgrit.

The readership data and the search engine test both prinade t

same answer tRQ Topic Notability. Apparently new articles that
are added to Wikipediare increasingly obscure, and are thus likely
to be less notable. We do note that these data alone do nbteeso
the debate between inclusionists and deletionists. Aliteha long
tail of not-so-popular articles is responsible for a sutisaéh num-
ber of Wikipedia page views. However, the data might provade
principled way to reason about the cost versus value of gdatin
ticles to Wikipedia. For instance, this question could beguan
economic footing by valuing article readership in dollaaad by
estimating the monthly cost of the resources required totam
each article. Ones attracting insufficient interest toifyseir cost
would be deleted. (Economic motivations are not the only way
select articles that belong in an encyclopedia; this isqustpossi-
ble way to frame the debate.)

6. DELETION REASONS

The deletionists have likely seen evidence of these ndtabil
trends, and argue that Wikipedia is increasingly becomihgwen
for irrelevant material that should have failed the testfotability.
Some deletionists are working hard to seek out articlesfeéadyare
not notable, and to remove them from Wikipedia. In this sectve
study their success at this task, looking at the frequendelstes,
the reasons for deletes, and the changes across time irctiease-
teristics. We are particularly interested in the effecsthehanges
are having on the evolution of the long tail in Wikipedia.

Wikipedians have established several different procességlet-
ing articleg®.

Criteria for Speedy Deletion. This is the most lightweight pro-
cess for deletion. There are several dozen reasons for velmich
article can be deleted without requiring a discussion. Agiibrese
include vandalism, advertising, or insufficient contenhisTpro-
cess is intended to be used for uncontroversial deletions.

Proposed Deletion (PROD)This process is used when some-
body believes that an article should be deleted, but for soreaot
covered by the Criteria for Speedy Deletion. If no one olgjeot
the proposed deletion, then the article is deleted. If tieess ob-
jection, the issue is escalated to the Articles for Delefimtess.

15http://developer.yahoo.com/search/
8http://en.wikipedia.org/wiki/WP:DP

Breakdown of Deletion Reasons

Inappropriate Content ‘ ‘
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Figure 9: Overall frequency of classes of reasons given for
Wikipedia article deletions. PROD/AFD/VFD denotes dele-
tions occurring as a result of the Proposed Deletion or Artites
for Deletion processes.

Articles for Deletion (AFD). In this process, interested mem-
bers of the community examine the article under scrutiny diae
cuss what should happen to it. Discussions last at least éiys, d
after which time an administrator reviews the debate anestalp-
propriate action. This process was previously also knowivates
for Deletion” (VFD), but was renamed because the goal is tkema
decisions based on community discourse rather than majate.

To analyze why articles are deleted, we use the event logelata
which includes the comment left by the deleter for each dweiet
event. The comment is intended to convey the reason thattibiea
was deleted. By analyzing these comments, we can gain insigh
into why over one-quarter of all created articles are ddlete

We scanned deletion comments for key words or phrases that re
fer to Wikipedia’s article deletion policies. For exampllee dele-
tion comment for an article that was deleted via the Prop&szd-
tion process typically contains a link to the Wikipedia pglpage
that describes the proced&P:PROD. Thus, we can identify such
deletions by looking for &/P:PROD link. We also looked for other
textual indicators of this process, such as “proded”, “piextf, and
“proposed deletion”. We created similar lists of key wordsiflen-
tifying other reasons for deletion. Approximately 85% of tele-
tions studied could be categorized in this way.

In total, we looked at 1,567,543 deletion comments for dtahst
occurring between December 2004 and March 2008. Using our
approach, we classified deletions into seven broad clasgesh
are summarized in table 1.

Figure 9 shows the overall frequency that each of theseadads
deletion reasons was observed in the deletion commenty.128%
of deletions go through the more heavyweight processses (Pr



Deletion Reasons Over Time
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Figure 10: Frequency of classes of reasons given for Wikipéal
article deletions by month. PROD/AFD/VFD denotes deletios
occurring as a result of the Proposed Deletion or Articles fo
Deletion processes.

posed Deletion, Articles for Deletion, or Votes for Deletjo A
large majority of deletions are considered uncontroveesid are
covered by the Criteria for Speedy Deletion. We see that thet m
frequently-cited reasons for deleting an article are ribtglvelated,
making up over a quarter of all deletions. Next, deletions tu
inappropriate content (25%) or insufficient content (9%getiher
make up just over a third of article deletions. Wiki Maintena
and Other are both around 5% each. Finally, 15% of deletions,
labelled “Unknown” in the figure, could not be categorizethgs
simple keyword analysis.

Figure 10 shows the relative frequency of deletion reasortsa
time. We see two noteworthy trends here.

First, the proportion of unknown deletion reasons is déufjn
which means an increasing proportion of deletions are apaem
nied by recognized citations to Wikipedia policy. This tés con-
sistent with the findings in Beschastnikh, et al. that showearpo-
ral increase in policy citations on Wikipedia discussioggms|[3].

Second, the proportion of deletions due to reasons classifie
Notability/Significance has increased over time. As we sagec-
tion 5 (figures 5 and 6), there has been a lengthening of thgetoh
as article creators push the boundaries for what is coresideo-
table. Our observations here suggest that some in the coitymun
are pushing back, actively scrutinizing articles and diejethose
that are deemed not notable enough.

One thing that we cannot tell from studying deletion reasons
however, is whether interpretation and application of tbh&abhil-
ity guidelines has been consistent. Are the articles trabaing
deletedactually less notable than the articles that survive? One
way to approach to this question is to apply our notabilitgxyr
metrics to articles that have been deleted due to lack obiiitya

The readership metric is difficult to use here, because asilve w
see in section 7, the lifetime of an article before it is dafets
usually too short to gather meaningful data. We can easiyyap
the search engine test though, as it does not depend on Wi&ipe
specific data. On a random sample of 959 articles with singles
titles that were deleted due to lack of notability, the getsimenean
of the number of search results is 6,832. This is below theagee
number of search result for surviving articles in Wikipedidnich,
according to figure 8, is well over 10,000, even for the most re
cently created articles. The comparison suggests thateletiah
decisions being made regarding notability are generalhgisbent
with the search engine test.

However, we note that if the downward trajectory seen in &gur
continues at its historic pace, then articles created ir20iaB will
have an average number of search results of around 6,000h whi
is comparable to that of articles that have been deletedeipast
for lack of notability! Over the long term, the declining abil-
ity of new articles will lead to one of two possible outcomés
inclusionist might hope that notability standards will bew less
stringent. On the other hand, a deletionist might hope tbtethil-
ity criteria will remain stable, and that a higher percestagnewly
created articles will be deleted.

These data provide a mixed answerRQ Deletion Reasons.
Overall, the “lack of notability” reason has dramaticalhcieased
in usage between 2005 and the present. However, its inchease
been very slow since early 2006, and nonexistent since 2afly.
The distribution of reasons given for article deletions egp to
have reached a steady state. Also, deletion decisions seém t
consistent with the search engine test for topic notability

7. ARTICLE LIFE SPAN

Finally, we explore the life span of Wikipedia articles andk at
when articles get deleted during their lifetimes. How quicklyedo
the community scrutinize new articles and make decisiormaitab
them? Was the Seigenthaler incident the norm or the excgptio
Are deletionists trimming the long tail, or is it here to stay

7.1 Data Challenge: Article Creation Dates

Recall that our data is deficient in that we do not know the cre-
ation date of most deleted articles. We overcome this |tioiteof
our datasets in three ways:

Direct Data Analysis. First, we directly use the Wikipedia dumps
to obtain what information we can about article life span.ddyn-
bining an older snapshot of Wikipedia articles with a newamg
log, we can see which of the older articles have been deldted a
the time that the snapshot was taken. This gives us life gpan i
formation about long-lived articles, but only provides ilied and
flawed information about short-lived articles.

To illustrate this issue, suppose that we want to learn about
ticles with a life span of less than 2 days. The only articles w
could examine are those that were created during the 2 dags-m
diately preceding the time that the article snapshot wasntakf
an article was created before this interval and was deletgdnw
2 days, then it would not have appeared in the snapshot. Te mak
matters worse, there is an additional confound: articlas were
createdand deleted during the window of interest would also be
absent from the snapshot and missed by the analysis, wtads le
to an undercount of articles with a life span of less than Zday

Inference-Based Analysis. To help augment our knowledge
about very short-lived articles, we also use an infereraset ap-
proach using the article snapshots and event logs. Coressleap-
shot taken at timé containing the set of all article& existing at
timet, and an article deletion event for some art@lhat occurs at
timeu=t+1 day. Ifa< A, then we know the creation date &f
and can use the log analysis approach previously described.

On the other hand, supposez A. Then we do not know the
creation date oh. However, we do know thaa must have been
created after time, since by definitionA contains all articles that
existed at timé. We also know thah must have been created be-
fore timeu because an article cannot be deleted before it is created.
Therefore, despite not knowing its exact creation time,nferithat
a’s life span is less than 1 day.

Applying this logic to all articles deleted in the finshours after
an article snapshot allows us to count how often articleewee-
ated and deleted during thathour interval. This provides a basis
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Figure 11: Survival curves of Wikipedia articles created duing
three 24-hour spans. The first-day death rates are estimateas
described in section 7, while all remaining data is observed

for making estimates about articles that have very shatsiifans.
However, this approach can be used just once for each astiale-
shot, and only provides information about articles over alkstice
of time. Itis, therefore, subject to the same issues thagamall
sample sizes — high variability and questionable precision
Near Real-Time Observation. To help solidify our data about

short-lived articles, we turned to the Wikipedia APlwhich can
be queried for information about article creations thatomd dur-
ing a given interval. This data is subject to the same shuonittgs
as the data dumps: articles that have been deleted do naarappe
in article creation listings. However, the adverse effectsissing
data can be greatly reduced by issuing API queries oftes,dhp-
turing article creation events in approximately real-tinf®r our
analyses, we collected article creations every five minates a

Deletion Persistence vs. Article Lifespan

100
90+
80| et
701
601
50+
401
301

Percent of Deletes That Persist

20+
104

600 800 1000 1200 1400 1600 1800
Age of Article At Deletion (days)

0 T -

0 200 400
Figure 12: Persistence of deletions of Wikipedia articlesplot-
ted by age of article at deletion.

ity of deaths occur during the first few days of an articlefs.li
Wikipedians make inclusion and deletion judgments abditlas
very quickly, and it is uncommon for the community to retuon t
articles later and delete them.

We also examined the question of whether deletions are “per-
sistent” — that is, if an article is deleted, does it stay tle or
does someone create the article again later? To measut®dele
persistence, we compared our 2006 and 2008 article snapeshdt
looked at which of the articles existing in 2006 had beentddle
in the interval between the snapshots. Of the deleted estiole
looked at what proportion of them exist in the 2008 snapsbot t
determine whether the deletion was persistent.

The results of this analysis are shown in figure 12, which show
the proportion of deletions that are persistent as a funaifathe

two week interval in September 2008. We then used an event log article’s age at the time it was deleted. We see a trend tiatsh

from October 2008 to determine whether the created artlwhes
been deleted, and if so, when.

7.2 Life Span Results

Combining all the amassed information, we found that most ar
ticles have either a very short life or a very long life. If atide is
deleted, then the deletion usually occurs very early in thiela's
life, quite often within the first few days. Recall that in ten 4,
we conjectured that if an article is to be deleted, then thetida
will occur near the time that the article was created. Heg=ywll
present data that supports this supposition.

Analysis of our inference and real-time observation datawsh
that for any given 24-hour period, about 61% of deletionsraur
the period are targeted at articles that were created dthatgpe-
riod. This allows us to generate estimated survival curviés eur
article snapshots. The bottom-most line plotted in figurstidws
our estimated survival curve for articles created durireglést 24
hours before the November 2006 article snapshot. The fagt-d
deaths are estimated, but the remainder of the curve islakita
Interestingly, over 20% of articles survive less than a dag, about
25% survive less than two weeks. Beyond that, just anotheo%
articles are deleted over the following two years.

Figure 11 also shows survival curves generated similadynfr
October 2007 and January 2008 snapshots. The shapes oftke cu
are similar, although they “flatten out” at different pertzge lev-
els. This reflects the volatile mortality rates shown preslg in
figure 4. In all three survival curves, we see that a large majo

Uhttp:/iwww.mediawiki.org/wiki/API

deletions occurring early in an article’s life are more lik& be

persistent than deletions that occur later in an articlfss So, not
only are articles unlikely to be deleted late in their lifest bf a

deletion does occur, it is less likely to be persistent. A g@n

reason that a deletion is non-persistent is that the deletas done
for maintenance reasons that are tangential to whethertibkeas

appropriate for Wikipedia. For example, an article mightibieted
if a related article is being renamed to replace it.

These observations lead us to an answ&@aArticle Life Span.
Wikipedia's articles are here to stay, including thosesrang tail.
Once an article has survived the first few days of life, thencha
that it is persistently deleted at some later date is small.

8. CONCLUSIONS

In each of the preceeding sections we gave a nuanced answer to
one of the five research questions. Here we briefly summadmizest
guestions and answers.

RQ Long Tail Visits: To what extent do Wikipedia viewers look
at articles in the tail?

The visit distribution to articles in Wikipedia follows agenormal
curve. The top articles are by far the most popular, but thg tail
accounts for a substantial fraction of visits to Wikipedia.

RQ Wikipedia Growth: How have article birth and mortality
rates changed over time?

Wikipedia’s article count continues to grow by thousandsuef
ticles per day. However, the birth rate is steady and thelantior-
tality rate is slowly increasing, suggesting that the rdtgrowth
has peaked and may begin declining.



RQ Topic Notabhility: As time passes, are the articles that survive

in Wikipedia increasingly on obscure topics?
Yes. New articles that are added to Wikipedia increasingly

on obscure topics as measured by our readership and segiok en

test metrics.

RQ Deletion Reasons: What are the reasons given for deleting

articles? How do these reasons relate to the long tail?

The most common reason for deleting articles is “lack of nota

bility”. The use of the notability argument is evidence dfistance
within the community to including articles that are arhitisafar
down the long tail of potential Wikipedia subjects.

RQ Article Life Span: When in the life of an article is it most
likely to be deleted?

Most articles either have a very short life or a very long.life

There is little evidence to date that the long tail is effesli being
trimmed over time.

Analysis alone cannot resolve the debate about whetherithe d

versity of “long tail” articles strengthens Wikipedia, othether
these obscure articles weaken its encyclopedic nature. ddfiate
is over what determines the health of an online user-maietben-
cyclopedia. Since such encyclopedias have only existedlfout
seven years, it is no surprise that there is as of yet no cieaver.

Analysis can, however, help frame the debate. For instahce,

is interesting that the probability of a new article beindetied

has been increasing steadily over the past three years. rlihe a

cles deleted for “lack of notability” that were analyzedngsiYa-

hoo! Search for this paper had average estimated notalebty
than that of surviving articles. However, since the estedatota-
bility of newly created articles that survive has been aedj in

recent years, Wikipedia seems to have reached an intrigpfieg-

tion point: the articles that survive may be of comparabl&bitity

to those that are deleted. How will the conflict be resolved?

9. FUTURE WORK

The Wikimedia Foundation could enhance prospects for éurth

research by making records of deleted articles availabkenaver
appropriate. Combining this data with the viewership lotadhat
is now becoming available will enable rich new analyses eOtb-
search that would be interesting include an analysis ofdipol-
icy debates and inclusion/deletion discussions, a usdricanal-
ysis of who is involved in these processes, and finally, ¢pald
accuracy assessments of long tail articles. The lattentgcpkarly
important, because there is reason to predict that artibkgsare
seldom viewed will have low quality on average.
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