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Abstract taps into the knowledge, time, and resources of millions of

people, and it enables content creation on a speed and scale
We consider the problem of measuring user contributionshever seen before.

to versioned, collaborative bodies of information, such as . .
In such collaborative systems for content creation, a rel-

wikis. Measuring the contributions of individual authoesc . o i
9 evant problem is how to measure the contributions of indi-

be used to divide revenue, to recognize merit, to award sta-

tus promotions, and to choose the order of authors Wher\lndual authors. This problem arises in several contexts. In

citing the content. In the context of the Wikipedia, previ- the Wikipedia, it may be desirable to have a measure of how

ous works on author contribution estimation have focusecﬂ]otx?o\’\é?;(r;galﬂguSr:;irtfof:]asvaen%e;?r:gﬁd(’sﬁir?::g’;fngg:r's)e
on two criteria: the total text created, and the total number P

of edits performed. We show that neither of these criteriaIn a corporate setting, a measure of user contribution can _be
) : : .~ “used to promote the use of collaboration tools such as wikis,
work well: both techniques are vulnerable to manipulation,

o . . 'while ensuring that the contributions of the individual em-
and the total-text criterion fails to reward people who gloli . o
ployees can be duly recognized. In wikis that generate rev-
or re-arrange the content.

We consider and compare various alternative criteria thafonrudeég] deiisurreevse(r)]tjaeuézgiaon;:ﬁ)ggor;ﬁ?r?o?s uliet(:]gs Zb:rss
take into account thquality of a contribution, in addition 9 g 9 ' Paper,

. Lo . we propose and analyze several quantitative measures of au-
to the quantity, and we analyze how the criteria differ in o i . . .
: . I thor contribution for versioned bodies of textual inforinat
the way they rank authors according to their contributions. : . e :
. . that evolve via successive modifications galits,perfomed
As an outcome of this study, we propose to adofal edit by individual authors. We focus on wikis, and in particu-
longevityas a measure of author contribution. Edit longevity Ia); on the Wikinedia 'an on-line encvelo édia buiIth))n wiki
is resistant to simple attacks, since edits are countedttsva technology [5] pedia, yelop
an author’s contribution only if other authors accept the-co gyisl.
tribution. Edit longevity equally rewards people who ceeat ~ On the Wikipedia, the problem of measuring author con-
content, and people who rearrange or polish the content. Fitributions has so far been considered mainly in the context
nally, edit longevity distinguishes the people who conttédb  of gaining a better understanding of the dynamics of how
little (who have contribution close to zero) from spammers authors contribute to the Wikipedia. In particular, measur
or vandals, whose contribution quickly grows negative. of author contribution have been used to discuss the issue
of whether it is a large group of novice users, or a small
) group of experienced editors, who contributes most of the
1 Introduction content of the WikipediaI21,18] 8]. In these discussions,
_ o ) ) author contribution was measured via the number of edits
On-line collaboration is fast becoming one of the primary performed by authors (edit counf)]2T] 22,[8] L7} [T, 16]
ways in which content, and information, is created andgy py the total amount of text the authors introduced (text
shared. From open-source software projects, to on-limg-enc ¢ount) [18]. We argue that neither of these two measures is
clopedias such as the Wikipedia, open on-line collabamatio ropyst, or fully informative. Both edit count and text count

*This work has been partially supported by CITRIS: Centerlfior- can easily be gf_imed- In _the case Of_edit count, an 3_‘U_th0_r can
mation Technology Research in the Interest of Society. increase her edit count simply by doing a small modification,




then undoing it (perhaps with an accompanying message gprevents vandals and spammers from accruing contributions
apology). These small changes can be spread across the mil- In addition to edit longevity, some other measures we in-
lions of pages of the English Wikipedia, to make detectiontroduce may serve a purpose in specific contexts.
harder. Fighting this kind of abuse requires time-consgmin  Text longevityis a measure of how much text has been
human intervention, as it requires the examination of thie ed introduced by an author, in which each text contribution is
log performed by individual users. In addition, adopting ed weighed according to how long the text lasts in subsequent
count as a measure of contribution, and basing important derevisions. This measure has the advantage of a very obvi-
cisions on such a measure, would create a strong incentiveus definition: while the estimation of edit quality require
towards this kind of tampering, with negative consequencesigreement on a particular formula based on edit distances,
for the stability and quality of Wikipedia content. Text¢cdu  the estimation of text longevity requires simply, the dbili
can be gamed in a similar, if not easier, fashion, as it is posof tracking text through revisions. In contexts where rexen
sible to introduce in a single edit a very large amount of,text must be divided, a simpler definition has the appeal of being
which is then promptly removed in a subsequent edit. Theseasier to define; for instance, in a legally binding contract
measures also under-estimate the contributions thatparti Text longevity, however, has two drawbacks. The first is that
lar groups of authors give to the Wikipedia. Edit count fails text longevity fails to adequately reward authors who mainl
to recognize adequately, authors who sporadically provideengage in maintenance edits, inserting little new text. The
large amounts of bulk text, thus contributing to the basic in second is that text longevity fails to penalize spammers and
formation build-up. Text count fails to properly recognize vandals, assigning to them the same low amount of positive
the contributions of those users who mostly re-arrange excontribution reserved for novices.
isting content, remove vandalism, and perform other funda- Text longevity with penaltsewards authors in proportion
mental maintenance duties that involve little new text cre-to the text they insert, but in addition to this reward, ausho
ation. of reverted contributions (that is, edits with negative lqua
To provide a more precise, and more robust, measure oity) also accrue large negative “fines”. Text longevity with
author contribution, we introduce several measures thmat ca penalty is particularly effective in distinguishing praxive
ture not only thequantityof contributions (how many edits, members of the author community from vandals and spam-
how much text), but also thguality, analyzing how longthe mers. The drawback of text longevity with penalty, com-
contributions last as content evolves. We analyze the tradepared with edit longevity, is that it fails to adequately esd/
offs involved in the different measures, and the difference authors who perform large amounts of maintenance work.
in the author rankings they produce.

_ Our favorite measure isdit longevity.The measure com-  Related Work
bines the amount of change performed by an author, with
how long the change lasts. To compute the edit longevityMeasuring contributions of individuals in group collabora
of an author, we consider all the edits performed by the au4ive efforts have been studied for several decades, in the co
thor. For each edit, we compute both thdit sizeand the  text of software project management. Most programmers are
edit quality. The edit size is measured as the edit distancefamiliar with the KLOC (thousand lines of code) measure-
between the article revision produced by the author, and thenent [14[6], sometimes abused to measure productivity. Al-
previous revision; the problem of computing edit distancesthough intended to measure the progress of a project, it also
has been studied il [20.119, 4]. The edit quality is in the implicity measures each programmers contribution to the
interval [—1, 1], and measures how long the change lasts inproject. What we propose in this paper can be thought of
the system: it is close tb for edits that are preserved fully as combining KLOC with defects/KLOC, so that merit is a
in subsequent revisions, and it is close-td for edits that  function of both amount of contribution and quality.
are reverted2]. The edit longevity of an author combines The problem of measuring author contributions to the
these quantities, and is computed as the sum, over all the edWikipedia first arose during a debate on which group of au-
its performed by the author, of the edit size multiplied by th thors was chiefly responsible for Wikipedia content. A count
edit quality. We show that edit longevity has several desir-of edits indicated that a small group of dedicated authors
able properties. It cannot be easily gamed, since the gualitgave the largest contribution[21]; this result was lates- di
of an edit by authord depends on how long authcdsgfer- puted in [18], where it was argued that the majority of the
ent from A preserve the edit done by. Edit longevity is  content was due to the large number of authors who per-
sensitive to the size of contributions, giving approprisge  form only occasional contributions to the Wikipedia. Kittu
ward to authors who sporadically contribute large amountset al., [8] discovered that the percentage of edits made by
of text. Edit longevity also rewards the authors who mostly the masses is larger and growing when compared to the au-
engage in improvement and maintenance work, as edit disthors who are either sysops or have a very large number of
tance, measures not only new text, but also text deletioths anedits to their credit. Burke and Kraut use a wide variety of
displacements [2]. Furthermore, edit longevity succdlysfu edit counts to predict the authors to be promoted to thestatu



of Wikipedia administrator$[3]. There are many works that
measure user contributions by the number of edits which au-
thors make to an articl&é 20, 122, [8,117] L1] 16]. [Ih [8], they
consider the number of edits as well as the change in edits
and state that their conclusion remains unaffected witteeit
of those measures. Wilkinson and Huberman show that the
quality of an article improves with the number of edits and
the number of distinct authors that revise that articlé [22]

In [15], the total amount of work that went into the mak-

a; throughr;. We definetzt(r;) = txt(v;,v;), and
refer to this as théext contributiorof r;.

d(v;,vy), for0 < ¢ < j < n, is theedit distancebe-
tweenv; andv;, and measures how much change (word
additions, deletions, replacements, displacements, etc.
there has been in going from; to v;. We define
d(r;) = d(v;—1,v;), for theedit contributionmade in a
revisionr;.

ing of the complete Wikipedia is estimated to be about 1001n¢re are several ways to compute edit distanide ]9, 19], usu-

million hours of human thought. This metric is interesting, 4y pased on insertions and deletions of characters. Qur fo
and very different from the metrics we propose in this pa- yjation is instead based on words as the fundamental unit,
per: the metric of[[15] is based on the effect on the authoryg more closely approximate how people perceive edits. We
(the amount of time required of the author to contribute), yefine the edit distance in terms of the following quantities

whereas our metrics are based on the effect on the wiki (hovy(v, v;) is the number of words that are inserté¥v;, v;)
1y Yy Wiy Vg

large the contributions are, and how long they last).

is the number of words that are deleted;(v;,v;) is the

Another approach consists in measuring contributions i”'number of words that are moved, times the fraction of the

directly, by noting citationd [1Z]17,10]. While this appoba

document that they move across. The edit distance between

enables one to judge the relevance of a complete article, if,q versionsy; andv;, is then given by:

cannot easily be used to ascribe the merit of the articlesto it

individual contributors.

2 Definitions

1
d(v;,v;) = max(I,D) — 3 min(I, D) + M

A more precise treatment of this definition is available i [2
along with reasoning for this particular choice of edit dis-

The following notation will be used throughout the paper. tance.

We consider the séP of all articles in the main English

Quality Measures.

Wikipedia. We denote the set of authors of pages on the |n addition to the base measures defined above, we define

Wikipedia by A. We assume that we have> 0 versions
vg, V1, V2, . . ., Uy Of & pagep; versiony, is empty, and ver-
sionv;, for1 < ¢ < n, is obtained by an author performing a
revisionr; : v;_1 ~ v;. Since each revision; is performed
by one author, we refer to the author who edited revision
asa;. We denote the set of all revisions of a pagehy
We refer to the change set corresponding;to v; 1 ~ v;
as the edit performed at : the edit consists of the text in-
sertions, deletions, displacements, and replacemertetha
fromv;_; tov;. We define the ma@ : A x P — 2R, which
given an authot € A andp € P, returns a set of revisions
that were created by authefor pagep. When editing a ver-

sioned document, authors commonly save several versions in
a short time frame. We filter the versions, keeping only the

the following quality measures. We first consider the edits
in a revisionr; made by authon;. Givend(v;_1,v;), the

edit distance between versions_; andwv;, we would like

to associate a higher edit quality to revisionif the edits
made take the page closer to subsequent versions of the page.
For example, if none of the edits maderinare reverted in
subsequent revisions, then the edits made; ihave taken

the page in the sandirectionas subsequent versions of the
page and hence merit the highest quality measure. We define
aedit (Vi, v5), the quality of the edits performed in revisien

of a page (with respect t@;) as follows:

d(vi—1,v;) — d(vi, v))
d(vi—la Ui)

Qedit (Vi, V;) =

last of consecutive versions by the same author; we assume

thus that forl < ¢ < n we havea; # a;+1. Every version
v; for 0 <@ < n, consists of a sequen¢ei, ..., w}, | of

words, wheren; is the number of words im;; versionuvg

consists of the empty sequence.

Base Measures.

Given a series of versions, . .., v, of a pagep, we as-
sume that we can compute the following base measures:

o txt(v;,v;), for0 < i < j < n, is the amount of text
(measured in number of words) that is introduced-py

The triangle inequality generally holds, so tha;, (v;, v;)
typically varies from—1 for revisions which are completely
reverted, to+1 for revisions which are completely pre-
served; when the value falls outside this range, we cap it
to one of these two values. Due to the occasional vandal-
ism that happens, we prefer to judge quality using several
succeeding versions. We define a mapR — 2%, which
given a revisionr; of some page (with n revisions), returns

a set of revisionss = {r;,r;41,...} such that, for; € G,

we havej < n,i < j <i+10anda; # a;. Thatis, the set

in v;, and that is still present (and due to the same authoiof judging revisions are the next ten revisions aftgrthat

a;) invj. txt(v;, v;) is the amount of new text added by

don’t have the same author asacting in the capacity of a



judge. We now define thaverage edit qualityr.q;.(r;) of a into account the quality of the edits. The contributionslbf a
revisionr; as follows: authors is cumulative over the entire revision history @ th
Wikipedia; for our experiments, we picked revisions of all
1 articles previous to October 1, 2006.

Wedit(r;) = m : Z Qedit (Vi, ;)
r;€J(r;)

3.1 Number of Edits

The simplest quantitative measure of contribution for au-
thors is to compute the number of revisions they authored.
Nn previous works, this is referred to as thember of edits

The quality of a text contribution to a page is a function of

revisions of the page. If none of the text was removed, the
the text quality of revisiom; should bel. We would like to made by an authoF 2,22, [8.116]. We follow the tradition
model text quality as a measure of the rate at which new text, .\ define this precfsely as:: '
introduced in a revision of a page, decays over subsequent

revisions of the page. Towards this end, we define the text Va € A.NumEdits(a) = Z Z 1.
quality measurev...:(r;) as the solution to the following

4 pEP re E(a,p)
equation that expresses text decay:

min(i+10,n) 3.2 TextOnly
Yo twt(i ) =tat(i;)- | 1+ Y (aweat(ri))’ ™ | Another very natural measure of author contribution is to
g=t ri€J(ri) count up how many words were added by each author, during

the course of all their revisions. Since there is no quality
measure involved, we refer to this measurdaaOnly, and
define it as:

The resulting value foky...(r;) ranges from0 for text
which is completely removed, t¢1 for text which is com-
pletely preserved.

A different way to measure the quality of a text contri- Va € A.TextOnly(a) = Z Z tat(r).
bution is to simply sum the amount of text that remains,
over the succeeding revisions. For a revisigrby consider-
ing the amount of original text introducedinthat survives ~ We refer to this measure as tadsolutetext contribution
in the next10 revisions, we define the following additional Measure.
quality measure for text contributions,

pEP reE(a,p)

3.3 Edit Only
Brext(ri) = % . Z txt(i, j) Correcting grammar, polishing the article structure, asd r
wH(i, 1) ry€J(ri) verting vandalism are all chores [3] which must be done to

keep the Wikipedia presentable. Counting the number of
This value ranges frorfi for text which is immediately re-  \yords added can partially account for these chores if there
moved, to-+10 for text which completely survives all ten s no text authorship tracking done; without text authqushi
revisions. tracking, however, vandals could easily subvert any system
for measuring contributions. Instead, we note that meaguri
the size of the change in each revision is able to reward both
authors who write new text, as well as authors who polish
existing text. More formally, we measure the edit distance
between the the version of a page that was generated by re-
vision r; and the version that immediately preceded it. The
EditOnly measure is thus defined as:

3 Contribution Measures

We would like to define quantitative measures of author
contributions to the Wikipedia. For every pagein the
Wikipedia, we consider a revision performed by the au-
thor a; for some0 < i < n. Each of the subsequent au-
thorsa; 1, a;12,... can either retain, or remove, the edits . .

perforered b;/rai in revisionr;. These authors who subse- Va € A.EditOnly(a) = Z Z d(r)
quently edit version; of the article are considergddges
of r; and hence of the contribution made by authar We We refer to this measure as thd@soluteedit contribution
define various measures of author contribution, taking intomeasure.

account the amount of text added or edits performed by the
author and the quality of those changes. We would like to3
measure contributions both in absolute terms, as the amount
of text that was added by an author or the amount of ed-The next level of sophistication is to incorporate quality
its made by an author, and in relative terms, where we takeneasures into the calculation of contribution. We desiee th

pEP re E(a,p)

4 Text Longevity



text longevity of a revision to be the amount of original text tion of our punishing measure:
that was added by the autherfor a revisionr;, discounted
by the text quality measure,.,(r;), which describes how Va € A.TextLongevityWithPenalty(a) =

the text decays over the next several revision. TextLongevity(a +Z Z min(0, Togir (r) - d(r))

P reE(a,
Va € A.TextLongevity(a Z Z et (1) - tat(r) PEP reE(a,p)

pEP re E(a,p)

4 Implementation
3.5 Edit Longevity , _ _

As part of our previous research into author reputation and
Similar to the text longevity measure, we define the edittext trust [2[71], we have created a modular tool for process-
longevity of a revision; as the edit contribution, discounted ing XML dumps from the Wikipedia. It analyzes all the

by the average edit quality measurgy;;(r;). As with all  revisions of a page, filtering down the revisions to remove
the measures, we accumulate contributions based on edifonsecutive edits by the same author, and computing dif-
longevity over all revisions edited by an author: ferences between revisions to track the author of each word
and measure how the author might have rearranged the page.
Va € A.EditLongevity(a Z Z Qeait(r) - d(r) These results can be passed to any of several modules to do
pEP reE(a,p) additional processing; we use the tool to reduce the enor-

mous collection of data down to a much smakatistics
file. We process the statistics file with a second tool, which
we instrumented to calculate the various contribution mea-
A simpler method for measuring how useful newly inserted sures we have defined. The original tools are open-source,
text is, is to simply add up how many words survive over and can be downloaded from our project pagitatp: //
the next ten revisions. Large contributions are thus ricely Lrust. cse. ucsc. edu/. More precise details about text
warded, if they survive; smaller contributions have a dligh  tracking and edit distance are availablelih [2].
better chance of surviving for the entire ten revisionssthu  Our analysis is based on main namespace article revi-
encouraging change — but not too much change. sions from the Wikipedia dump of February 6, 2007, which
We consider thd 0 revisions that follow any revision; we process to create a reduced statistics file. The statistic
of an article, and accumulate the amount of text contribu-file contains information about every version, including th
tion that was made im; that remained in each of tho3é amount of text added, the edit distance from the previous
subsequent revisions of the article. We call this measureversion, and information about how the edit persists for ten
TenRevisions and define it as follows: revisions into the future. To ensure that each version we
considered had revisions after it, we consider only vession
Va € A.TenRevisions(a Z Z Brext(r) - tat(r) before October 1, 2006. After further processing on the file,
pEP reE(a,p) we used R[1IB] to analyze the resulting data.
Bots. During the course of our analysis, we found
Note that our definition of;....(r) incorporates the text sur-  that some authors were extraordinary outliers for multi-
vival for the next ten revisions, thus simplifying the defini  ple measures. Some investigation into the most extreme
tion here. cases revealed that bots were making automated edits to the
Wikipedia, and that a few bots dwarfed manual labor in the
edit based measuré&slitLongevity and EditOnly. We also
found that there are bots that improve content, and bots that
A last variation that we propose is to combine text longevity vandalize it. We chose to identify bots as those with a user-
with edit longevity in such a way that authors of new contentname which ends in the string “bot;” While this does not
are rewarded, but vandals are actively punished for both ininclude every bot (especially the ones that vandalizey, at i
serting and deleting text. Text longevity, as we have defineduseful first approximation. We four@él4 bots in total as of
it, already does not reward vandals — vandals either inserOctober 1, 2006.
no text, or the text they insert is immediately removed; both Vandals. There is a similar problem in trying to de-
cases result in a text longevity of zero for the revision. Van fine vandals, since such authors don't register themselves
dals are still able to accumulate positive contributiomsrfr  as such. For our purposes, we decided to define a vandal
other revisions, however, while disrupting other authothw as someone who, on average, makes an edit which is com-
their vandalism. By only counting edit longevity when it is pletely reverted. Precisely, we define a vandal who meets
negative, we are able to punish vandals for any kind of van-one of two criteria: e, < 0.05, Or @egy < —0.9. We
dalism which is reverted. This leads to the following defini- justify this choice in the next section.

3.6 Ten Revisions

3.7 Text Longevity with Penalty


http://trust.cse.ucsc.edu/
http://trust.cse.ucsc.edu/

work of vandals. When we look at the size of contributions
made, we noticed th@% of the amount of new text added
hadaye,: = 0, whereasr6.21% of the new text added had
aert > 0.95. From this we conclude that authors mostly
add good new text.

The data is less stark for edit quality. When we looked
at revisions, we saw that9% of the revisions hadv.q;; <
1 T T T 1 —0.9, wherea$1.12% hada..q:;: > 0.9. In fact,84.71% had
0.0 0.4 08 positive edit quality. In terms of edit contributions, we-no
ticed that7.5% of the edit contributions had.q;; < —0.9,

Text Quality whereas$s1.39% had@.q;; > 0.9. Moreover,1.6% of the
edit contributions were immediately reverted. From these
statistics, we conclude that authors mostly do good edits.

Figure[2 shows the absolute text and edit contributions,
txt(r;) andd(r;), for the sets of sampled revisions. It is im-
portant to note that these two graphs are using the logarithm
of the size of contribution, along the-axis; edit sizes can
fall below +1, due to the way we compute edit distance for
moved words as a fraction of how much of the document

T T T they move across. Thus, the frequency count for edit sizes
-1.0 00 05 1.0 betweerd andl suggests that a good fraction of revisions in-
volve rearranging of text. Beyond that, we can conclude that
Edit Quality contributions, as measured by text added or by edit distance
are predominantly under 100 words.

In Figurel3 we show the average edit quality and average
text quality for all non-anonymous authors. In order to com-
pute this, we took all revisions created by each author and
took an average of the text and edit qualities of those revi-
sions. We notice thdts.9% of authors hady;.,; < 0.05 and
6.3% of authors hadv.4;; < —0.9. These are shown by the
5 Analysis bars on the left extreme of the histograms in Fiddre 3. This

sharp increase in the number of authors at the lowest end of
We begin our analysis with some information about the dataour quality measures, combined with our previous analysis
we are analyzing. Our reduced statistics file includes oveiof revisions and contributions with respect to quality,egiv
25 million revision records. Figurds 1 ahH 2 were createdus some justification to define vandals as those authors who
by drawing a random sample of 5 million records. We re- have eitherv;.,; < 0.05 or @eq;x < —0.9 on average. We
peated the sampling three times and obtained identica} lookstate that the identification of vandals can be made more pre-
ing plots, so we have high confidence that they are represertise using more sophisticated analyses of our data, but we
tative of the complete dataset. don’t deal with that in this paper.

In Figurel[d, we show the two quality measurgs,; and During our investigations comparing the proposed mea-
Teqi¢ OVer the revisions we sampled. We see both measuresures, we found an unusually large fraction of non-
are heavily biased towards1, indicating that most revi- anonymous authors having scores relatively close to zero.
sions to the Wikipedia are generally considered useful byThis suggested that many users had made a relatively small
succeeding authors. This confirms the intuition that morenumber of revisions, and that the absolute text and edit con-
“good people” than “bad people” must contribute, otherwisetributions of the revisions tended to be small, or that thed-qu
the Wikipedia would have a difficult time maintaining the ity tended towards zero. In Figuk& 4, we have plotted the
community it has which continues to extend the online en-number of edits made by all authors. We notice that 362,461
cyclopedia. authors made only one edit, over 46% of the total 777,223

Delving directly into the data for text quality, we observe authors we tracked. In Figuf@ 5 we show the edit quality
that 10% of the revisions made had;..; < 0.05 while measure for these authors. In contrast to the edit quabty di
66.67% of the revisions hadv,..; > 0.95. Specifically, tribution over all authors from Figuld 1, we notice that the
we noticed thatl0% of the revisions hadvi.,; = 0 ex- edit quality for these authors are almost evenly distribute
actly. Whena,.,; = 0, the text is immediately deleted in across the entire quality range (except for the two extreme
the next revision, so we can infer that these revisions are thvalues).

15

log(Frequency)

15

log(Frequency)

Figure 1: This graph shows the edit quality measure
Qeqi¢ @nd text qualityoye,; for 5 million randomly selected
records of each type.



| Measures || FEditLong | EditOnly | NumEdits | TenRevs | TextLong | TextOnly | TextW Pun |

EditLong 1.000 0.999 0.28 0.070 0.075 0.16 -0.32
EditOnly 0.999 1.000 0.29 0.071 0.077 0.16 -0.33
NumEdits 0.283 0.286 1.00 0.361 0.417 0.45 0.27
TenRevs 0.070 0.071 0.36 1.000 0.983 0.96 0.89
TextLong 0.075 0.077 0.42 0.983 1.000 0.98 0.90
TextOnly 0.158 0.164 0.45 0.963 0.983 1.00 0.82
TextW Pun -0.320 -0.326 0.27 0.886 0.897 0.82 1.00

Table 1: This table gives the pairwise correlations of tHedént measures we have defined in this paper.

a large percentage of the edits are of good quality. We no-
tice that the same is true fdrextLongevity and TextOnly.

The correlation betweeMextLongevityWithPenalty and

the absolute measuieditOnly is low demonstrating that
TextLongevityWithPenalty penalizes authors for bad edits,
gives no credit to good edits, and accumulates the quality
discounted text contribution measulfextLongevity. There-
T T T fore, authors need to contribute high quality text, while
o0 2 4 6 8 ensuring that they have no bad edits to get a high score
on TextLongevityWithPenalty. TenRevisions being a text
log(Text Added) contribution measure, is highly correlated with the other
text contribution measure$extOnly and TextLongevity.
NumEdits is positively correlated with all measures as we
would expect; every contribution is an edit that counts to-
wardsNumEdits.

Frequency
1e+06

Oe+00

While TextOnly and EditOnly appear to be reasonable
measures of author contribution, we have found evidence
that vandals accrue large contributions against these mea-
sures. For instance, we found that auth665172 is in
the 99th percentile when measured usifigxtOnly, but is
0 2 4 6 8 10 nearly at the bottom of the ranks,@000001 quantile when
we look at hisTextLongevityWithPenalty measure. We
found five revisions in which this author added new text,
but four of those were immediately reverted. The only re-
vision that was kept around was a one word addition to a

Figure 2: This graph shows the absolute text and edit conP29€! From the edits made by this author, we saw that he is

tributions on a log scale, for 5 million randomly selected & SPammer. On the other hand, usifgtLongevity instead
records of each type. of TextOnly we noticed that the author was below tigh

percentile. On thé&ditLongevity measure, this author was
below the0.001 quantile; among the lowest in rank. There-
fore, we argue that the measures that discdertOnly and
EditOnly by a text or edit quality measure is the correct way

We next present the correlations between the various meal[—0 accrue author contributions. We argue tNatEdits is

sures in Tabl&ll. These are correlations with respect to th not as good a measure, since vandals and bots easily make

L ?arge numbers of bad edits.
amount of contributions made by all non-anonymous au-

thors, excluding those we've classified as vandals. From We present two figures, Figutk 6 and Figre 7, which have

the correlation table, we notice that text based measurebeen restricted to a region containing the bulk of the data

are better positively correlated with each other. Simjlarl points. In Figurd1, we see a vee shape, which separates
the edit based measures are better positively correlatdd wi the authors into two groups: those that have positive edit

each other as we expected. The meashdéd ongevityand  quality and those that have negative edit quality; as mea-

EditOnly are highly correlated as borne out by the fact thatsured bya.q;:. The worse the quality of edits made by

Frequency

0 800000

log(Edit Size)

5.1 Comparing Measures
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Figure 3: This graph shows the average edit quality mea-
surea.q;; and the average text quality;.,; over all non-
anonymous authors.

authors the less they accumulate of HibtLongevity mea-
sure, whereas theditOnly measure, being oblivious to edit
quality, attributes the same contribution to an author wehos
contributions persists as it does to an author whose caontrib
tions do not. On the negative sidelfitLongevity, there are
points that represent vandals, who edit large sections-of ex
isting pages, which are then immediately reverted. Clearly
EditOnly ranks some of these authors very highly, whereas
EditLongevity is able to distinguish them and rank them very
low.

In Figure[I, we see a similar vee shape; in this case,
TextLongevity cannot go below zero as the text quality mea-
sure is always non-negative, so vandals, by our definition,

receive no contribution. As before, the measure thatinworp Figure 5: This plot shows the.q;: of the non-anonymous

Users
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100000

10000
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Figure 4: The distribution of the number of edits that each
author made. Over 46% of the non-anonymous authors make
a single edit in the main English Wikipedia.

log(Frequency)
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1
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rates quality can distinguish vandals from non-vandals andtuthors who made a single edit contribution.

attribute a contribution measure to authors that is propor-
tional to the merit of their contribution.

Of the various measures we introduced,
TextLongevityWithPenalty is perhaps the one with the
least tolerance, since by this measure, the only way an au-
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with the edit longevity. Notice that authors who are “allbad of an author with their contribution as measured by
are easily identifiable — and sometimes quite prolific.

TextLongevityWithPenalty.

5.2 Ranking Authors

310°
05 | | A different direction we explored was how these different
measures end up ranking different authors. Since the con-
105 | ] tribution measures varied over such a wide range of values,
o with most people within a smaller region around zero, we
2 210°} 1 hoped that ranking the authors would give us better insight
8 into how the measures differed.
100° 1 To this end, we computed the percentile rank (rounded
up to the next even value for clarity in the image) of all non-
510" 1 anonymous authors, including those that we had classified as
V. oo ‘ ‘ ‘ vandals, and then plotted them in 3-dimensional histograms
%010° 510° 1005 210° 2105 210° 3105 4m0°  4dcS see FigureB10 arfidlL 1. The correlation structure implied by

Figure 7: Comparing the absolute text contribution with the
contribution as measured by text longevity. We see thaelarg

TextOnly

contributors are either “all bad” or nearly “all good.”

Tablel becomes apparent. An important point to remember
about FigureEZ0 arld1L1 is that the low-lying regions of the
graph are rarely zero — there are roughly between one and
ten authors at each intersection, but this is so small coaapar
to the areas that correlate that we cannot see it on the graph.
We also include a 3-dimensional histogram comparing
the percentile rankings as determinedHujtLongevity and
NumEdits, in Figure[IR. The “rows of fences” we see

thor can accumulate contribution is by adding new text thatin Figure[I2 are due to the large number of authors who
persists and by making edits that are judged to be of goodnake only a handful of edits; thdumEdits measure nei-
quality. Further, this measure does not reward authors fother distinguishes them from each other, nor is it capable
good edits, but penalizes them for bad edits. In Fifilire 8, weof distinguishing good contributions from bad contributso
plot TextOnly againstTextLongevityWithPenalty. We see  This last point is important, that even users in the low-
the vee shape, with vandals falling on a noticeable lineén th est percentile oEditLongevity can be rated very highly by
fourth quadrant, that has nbBextOnly contribution. Since  NumEdits— demonstrating that it is much easier to game
almost all new text added by vandals is immediate revertedthe NumEdits measure to achieve a high rank, while doing
and their edits always have low quality, we notice that theybad work.

get low negativelextLongevityWithPenalty contributions.
In fact, we noticed that the bottoit) authors by rank when
measured according fbextLongevityWithPenalty were all
vandals with the exception ofntiV andal Bot. We explain
this in the subsection on bots.

5.3 Bot Behavior

The edit and text quality measures for all bots are similar
to that of all authors shown in Figufé 1. We noticed that
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Figure 9: This graph compares how much text is initially Figure 10: EditLongevity vs TextLongevity
added by a user (along theaxis), with how much of the
text survives over the next ten filtered revisions (alongithe
axis). The higher up thg-axis a point is, the more text that
survived all ten revisions. Most authors add under 100,000
words, and about half of what they add survives.

bots create a large number of revisions with high quality.
We found that69.56% of the revisions made by bots have
a text quality measure af;.,; > 0.95. The percentage of
revisions made by bots with;.,; < 0.05 was9.2%. We
found that66.92% of the new text added by bots were with
atezt > 0.95 and14.14% of the new text added by bots were
with ae; = 0, which means they were immediately re-
verted. Similarly, on the edit contributions of bots we fdun
that54.42% of the revisions with edits made by bots were of
high edit quality, witha.4;; > 0.9. The number of revisions  Figure 11: EditLongevity vs TextLongevityWithPenalty
havinga.q.: < —0.9 being negligible;1% from our analy-

sis. When we counted all edit revisions that had a negative

edit quality we saw that2.73% of the revisions were judged whelm the smaller text contributions of bots in general and
to be of poor quality With.q;; < 0. We found that3.3% AntiVandal Bot in particular, resulting in a small overall
of the edit contributions made by bots had positive editqual contribution. We also note here théitnackBot did much

ity and the remaining.4% had negative edit quality. More better on this measureSmackBot contributes more text
interestingly,65.20% of the edit contributions made by bots than AntiVandalBot. Most of its edits are of smaller
had@.q;: > 0.9, which means they were not edited out in size thanAntiVandal Bot. Since they.have similar quality
subsequent revisions and represent the sheer amount of wofReasuresAntiVandal Bot ends up with a lower score on
done by bots that is of very high quality. The contributions TextLongevityWithPenalty when compared t§'mack Bot.
with @.q;; < —0.9 are1.8%. This indicates that a large part

of the text additions made by bots and a large part of the edi% 4 Sources of Error

contributions made by bots survive indefinitely. )

Furthermore, our analysis indicates that bots make largesince we use filtered revisions, namely we collapse all con-
amounts of edit contributions compared to text contribu-secutive revisions by the same author, and since we treat all
tions; the ratio of the size of ediElitOnly to the size of new  anonymous authors identically, consecutive edits made by
text TextOnly for all bots is11.61. Since the penalizing mea- anonymous authors cannot be distinguished. We therefore
sureTextLongevityWithPenalty does not credit authors for discard all anonymous authors from our analysis: in any
good edits but reduces thdiextLongevity contributions, by ~ case, we are not measuring their contributions, as they can-
the amount of their bad edits as measureddigLongevity, not be individually attributed. We have noticed that there a
we notice that edits judged as being of poor quality over-anonymous authors who do good work on the Wikipedia,
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tions were secured by authd3803 and Ant:V andal Bot.
Author 3903 had the top rank with respect to measures
TextOnly, TextLongevity, TextLongevityWithPenalty and
TenRevisions. AntiVandalBot had the top rank with
respect to the measuré&slitLongevity and EditOnly. In-
terestingly, SmackBot was the second highest scorer
after author 3903 on measures TextLongevity and
TextLongevityWithPenalty
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15000
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40
60 EditLong

6 conclusion

As group collaboration becomes more prevalent, the prob-
lem of how to compute author contributions becomes in-
creasingly relevant. We have presented and compared sev-
eral possible ways to measure author contribution, inalgidi
two measures popularized by previous works. What we dis-

but at this point we have not implemented a mechanism tgeovered is that there is substantial agreement between the
attribute them a contribution measure. measures for clear cases of valuable contributions, and var

We ignore the time difference between edits. When pageéhg results for authors making questionable contributions
receive many views with little editing, it suggests that the There are several measures we have defined that have a

article is substantially correct; perhaps later edits are d desirable property, namely, giving credit where it is dud an

to changing facts, and not because of poor quality. Arti-making sure that authors who make bad contributions get a

cles which are the subject of current events are partigularl low score. We believe thaftextLongevity or EditLongevity

likely to have their edit quality misjudged. Relatedly,gps  are equally viable as contribution measures.

ing revisions by author ignores the fact that edits sepdrate TheEditLongevity measure is a very interesting measure

by days or months are less related and have most likely beeim our opinion. This measure uses edit distance (as counted

reviewed by others. in words) to measure the size of the contribution while tak-
ing into account the longevity of that contribution, quéiet

o using the edit quality measure,;;. Since the edit quality
5.5 Some Contributions measures how much an edit takes a page towards a future
version of that page, we find this a good way of measur-

We looked at the list of all blocked authors. We sepa-. oo o

; o . ing contribution. TheTextLongevityWithPenalty measure
rated them from the others with the objective of determin-. . e , ;
. o is good at identifying vandals, but fails as a good contribu-
ing how many of these authors met our definition of van-

dals. We were surprised to note that o¥&¥ of authors had t|0: meazure ;S t d;)es not rTW?rd g((j)od Edlts'.
Qgent > 0.95 and39% of authors hadv.; > 0.9. In fact, s a side effect of our analysis and comparison, we were

over47% of the blocked authors make text contributions that able to identify some unusu_al author behav!ors. We discov-
have an average text quality ove65. Similarly, over32% ered that the highest contributor by our edit measures was

of the these authors make edit contributions that have an a\f‘-l_ bolt_, the ;ecV(:/p(ilglghlest contrlbu_tor‘B?;(tLonggvi;c]y anr:j
erage edit quality oved.9. We note thati1.2% of authors | &<tLongevityWithPenalty was again a bot, and that there

qualify as vandals by our measure, based on their averag@re evil bots which create a significant amount of vandalism.
edit quality and24.9% qualify as vandals based on their av- We also discovered that making large and good text and edit

erage text quality. But a large percentage of the authors iﬁ:ontributi_ons are not always sufficientto be in good stagdin
the blocked authors list are not vandals, as determined by o’ the Wikipedia.

definition.
A couple of cases in point are those of auth88$2
and 10784. They are both blocked, but are over References
the 99th percentile onEditLongevity, TextLongevity and
TextLongevityWithPenalty. One was blocked by Jimbo [1] B.T. Adler, J. Benterou, K. Chatterjee, L. de Alfaro,
Wales and the other was blocked as he was suspected of us- I. Pye, and V. Raman. Assigning trust to wikipedia
ing multiple accounts. content. Technical Report UCSC-CRL-07-09, School
We end this subsection, by mentioning the top rankers of Engineering, University of California, Santa Cruz,
against all measures. The highest ranks across all contribu CA, USA, 2007.

Figure 12: EditLongevity vs NumEdits
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