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SUMMARY

Several years of research and evidence have demonstrate@pen Source Software (OSS) portals
often contain a large amount of software projects that sinti not evolve, developed by relatively
small communities, struggling to attract a sustained nurobeontributors. These portals have started to
increasingly act as a storage for abandoned projects, aednehers and practitioners should try and point
out how to take advantage of such content. Similarly, otinéine content portals (like Wikipedia) could be
harvested for valuable content.

In this paper we argue that, even with differences in the estpd expertise, many projects reliant on
content and contributions by users undergo a similar eiipyaind follow similar patterns: when a project
fails to attract contributors, it appears to be not evolyimgabandoned. Far from a negative nding, even
those projects could provide valuable content that shoeldhdrvested and identi ed based on common
characteristics: by using the attributes of “usefulnes&l ‘anodularity” we isolate valuable content in both

Wikipedia pages and OSS projects.
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2 A. CAPILUPPI

1. INTRODUCTION

During the last few years, the content created and maintained online by (asel termedJser-
Generated Contenbr UGC [36, 1]) has become substantial in quantity, relevant in qualig],Jand
centered around major topics and websites: multimedia (YouTube, Flickiamiévt, etc), expert
knowledge on speci c topics (Street mags], Slashdot.org , IMDB, Wikipedia, etc), let alone
all the source code released with open licenses through well known &p®Sitories (SourceForge,
Google Code, etc). The majority of such UGC's facesamcontrolled, self-organized community of
volunteer contributors, without the traditional tight conditions and orgatiareal policies imposed
in industrial production environmeritg27]. From the research standpoint, some of these UGC's (for
instance, the Wikipedia pages and the source code of OSS projectsjsatdn measurable effort
of volunteers and produce measurable output with a determined pratjuttiat can be tracked
throughout the content's evolution, by parsing the recorded historjiarfiges.

Some of the similarities between OSS projects and speci ¢ UGC projects, sudfikipedia,
have been proposed and discussed in previous w@ks2[7, 33]: these UGC environments are
based on thepen sourcenodel: people, not paid content-creators, use their time to contribute
or revise knowledge and content, in a collaborative effort to createusartypes” of publicly
available knowledge-based producig]| although a mixed approach to develop OS software by
paid developers has been documented, and it's becoming a very efféttsiness model].
Furthermore, differently from other UGC, these two environments shegeesting commonalities:
both count on many distributed contributors; require some expertiseebifercontribution; are
based on incremental changes on top of the same “base” artefactépenthsir evolution logs in
an open and measurable way.

This paper analyses the source code produced within OSS projectshentarrative page
produced within Wikipedia: the main objectives of this study are to estabiisHaritiesin these

two types of UGC, and whether the empirical results found in one can Hedpp the other; to
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identify thechallengeghat the two types face in their evolution; and to determine whgbrtunities
are available from such content to users, researchers and pracstione

From the ndings of existing literature, there is a good understanding ofdhieuschallenges
faced when evolving OSS systems: challenges in the coordination ofsefforthe continuous
evolution and maintenance of content, in the recruitment of new contribaifoitse complexity of
the task at hand, let aside thestainabilityof these effort by sparse communities. However, when
analysing OSS projects alone, discording results have been reporteel pash when analysing
their evolutionary trends: on the one hand, some studies have claimed tHasteanodel can
achieve evolutionary patterns not observed before in proprietatgragdls, 16, 19, 28, 37]. On
the other hand, empirical studies on randomly chosen OSS projects lvave thiat most of the OSS
projects are small and inactive, and tend to involve a small number of devslapd contributors
[5, 13, 21, 34, 35]. One of the reasons for such diverse results is due to the “type” sizé™
of the analysed systems: most of the OSS projects are small and develpmet weveloper
alone [L1], whereas very few OSS projects achieve a successful stadug][ When randomly
sampling, or considering the overall set of projects of large OSS repesitthe ndings tend to
be uniform and con rmed: the vast majority of OSS projects is small andldeed by a small
cohort of developerss]. Conversely, when sampling a speci ¢, representative sample oflaeyg
and successful OSS projects, the ndings tend to be more sparse #éindstip: this has been
found when analysing speci ¢, successful OSS projects, includingggmes in the Debian/Linux
distribution, or some of the agship OSS projects (Linux, KDE, ApachenBa, etc. 24]).

This paper is an extension of an earlier wotl, [where it was shown that a sample of OSS
projects and the pages composing one of the Wikipedia categories canfustly to two behavioral
models, termed “two-phased” and “three-phased” models, respecfiedypresent work extends
the reported ndings by increasing the studied samples, in order to obtaia signi cance in
the statistics collected; by proposing a mathematical model to describe the confrserves
phenomena of UGC evolution; and by designing an approach to identifydabad content that

should be considered for inspection and for further reuse.
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4 A. CAPILUPPI

This paper is articulated as follows: sectiddescribes the empirical approach and the de nitions
used throughout the paper. Secti®presents a summary of the previous results obtaifipdHat
are expanded and put in a different context in this paper. Sedtmends the results with more
case studies, and by providing a mathematical reasoning to the aggrezmtksl ISectiod studies
how to identify the value of Wikipedia pages based on the number of viewshairdmodularity,
while Section6 identi es the value of OSS projects and components by analysing the nurhber o
downloads and their modularity. Sectibdiscusses the results from an overall perspective, and the
implications for end-users and contributors to online content, SeBtfmesents the related work,
Section9 illustrates the threats to validity, and nally Secti@f concludes and provides avenues to

further studies.

2. RESEARCH QUESTIONS AND DEFINITIONS

This section details the research questions (RQs) and the formal de nitidins paper. It is divided
in 2 subsections: i2.1, three main research questions, and several subquestions, assldesm
two overarching issues at the basis of this research; also, the typesrimsmeeded are introduced
briey. In 2.2, a more formal list of de nitions is presented to clarify what are the keycepits and

the terminology used throughout this study.

2.1. Research Questions and Metrics

This paper is built upon two main issues: the rstis that some UGC environmeggsustainability

issues, and a mechanism to understand “how” and “how much” of this mohtes become

unsustainable should be devised; the second issue is related to how tottésldeallenge, and

to understand how unsustainable, abandoned UGC projects shoulddsses to extract useful
value, even if abandoned. The following research questions ar@egoaround three topics: the
similarities between Wikipedia content and OSS projects, the challenges thagtdronments

face in their evolution, and the opportunities that could bene t reseesclied practitioners by
extracting valuable content from both. They are formulated below to tacklatibve issues:
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RQsimiariies — DO the OSS projects evolution and the Wikipedia pages evolution share some
similarities? Does the input (by authors, contributors, etc.) measured in UG€rts follow
a common pattern? Does the output (measured in wiki pages, sourcetdgpreduced in

UGC projects follow a common pattern?

RQchalenges — IS it possible to differentiate between models of evolution, based on theofype

UGC? Do OSS projects and Wikipedia pages face challenges in their ev@lution

RQopportuniies  — HOw to provide a classi cation of the value contained in UGC's? Is it modular

Is it useful? Is it used? Is it reusable?

In order to study the above research questions, the types of metricsr¢haeaded can be

categorized in four main groups:

Input metrics: the effort of contributors was evaluated by counting the number of enigu
distinct in a SQL-like terminology) contributors during a speci ¢ interval of time. Thesen
granularity of time was based on months: different approaches may deassen a weekly
or on a daily basis, but it is believed that months represent a more converag to gather
the number of active contributors, as in man-mowdfh [

Output metrics: the work produced was evaluated by counting the sum of created and
modi ed items during the same interval of time. Each modi cation or creation tdfatleast
one item, and it is recorded with a plain-text description (in OSS projects, dyetative
versioning system; in Wikipedia, by the number of edits gathered during tiatmn of a
page, and collected by the Mediawiki and the statistics toolservers).

Modularity metrics: in this paper we measure the “value” and the “quality” of the
user-generated content by assessing how modular and how much ratiaekternal
components such content is, and, conversely, its degree of modulaligwikhg common
principles of “separation of concerns”, and “encapsulatids?] the value and the quality
of any UGC project could be analysed to assess how modular the proglét dsd the
contained components, are. Although the reusability of a compound hastmtalkaccount
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6 A. CAPILUPPI

also external, environmental factor&9], its modularity and independence from others
have long been established as necessary (although not suf cientopditions for their
reusability R3]. In this paper we investigate the modularity of the components as an initial
proxy for their reusability.

Usage metrics in order to summarise whether the analysed content provides value to the
users, we studied its usage or usefulness: for UGC, these metrics sfeblased on the
external users, by measuring how well such content is perceivedVikipedia pages, this
was measured by monitoring the number of views that each page bene tsitddife-cycle;

for OSS projects, this was measured by monitoring the number of downlgaaisels, per

project.

2.2. De nitions

The de nitions that we used throughout this study are grouped below infout and output”
de nitions, that are used to study how the UGC is created, modi ed and by; vitnodularity”
de nitions, that are used to assess how modular and indipendent the éeofd¢ime UGC are, and
to assess if they are used by other elements; and “usage” de nitionsarthatsed to study how

useful the UGC and its elements are. They are presented below in the sdane or

2.2.1. Input and Output De nitions- The following are the de nitions relative to theputand the

outputmetrics:

User-generated content — UGC although no formal de nition has been given, the
Organisation for Economic Co-operation and Development (OECD) poouéethat UGC
is any content based on participative effort, that is “published”, “Basecreative work” and
“created outside one's professional routine works|f

Contributor : in any UGC, a contributor represents either the original author of theetitif
or anyone else who provides additions or amendments later in the life-cyche cfame
artifact. In the speci c case of OSS projects, developers and bugs xepresent the core
contributors of a project (let aside users and bug reporters); in the alaWikipedia, the
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editors of wiki pages are the named contributors. Since in both OSS “Bbgew Wikipedia
“pages” the contributors leave traces behind of their actions, we reddheir presence in a
similar fashion.

UGC item (or “item”): any online content that can be created and modi ed freely by an online
user. In the case of OSS, this could be represented by source lesx rade of Wikipedia,
this could be represented by a wiki page. Files, classes, methods tiofigsimilarly to
wikipedia lines and links are added, modi ed or deleted from the respeldt&€. As for the
UGC contributors, we recorded these items in a similar way to propose a similitidedn

the two types of UGC.

Created items number of new items that have been created during a certain period (daily,
weekly, monthly, etc).

Changed items number of items that have been changed once or more per period.
Handled items (or Total Handlings): sum of the “newly created” and the “changed” items
per period.

Productivity : the productivity of the pool of contributors on a UGC project was evallia
through the following formula:

Handled_items (;,
Contributors

P roductivity ¢y = (1)

where(i) is the referred period.

2.2.2. Modularity De nitions— The following are instead the de nitions relative to tm@dularity

metrics:

Fan-in: this is the amount of incoming links to the studied item. For a Wikipedia page, it
could be the number of other pages that have a link to it; for an OSS Jagaittzmild be the
number of other classes that import it. An item with high fan-in represents mmiteviding
often-needed services, which is regarded as an acceptable delsayidoe

Fan-out: this is the amount of outgoing links of the studied item, and it represents thedee
services of an item, or the number of other items “controlled” by the item unmiysis.
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8 A. CAPILUPPI

For a Wikipedia page, it could be the number of other Wikipedia pages taaiited in the
page; for an OSS source le, it could be the number of other source atsmeeded by it.
Generally a large fan-out is the symptom of poor design choices, sincesikdthe principle
of encapsulation.

Cohesion this is the amount of links that connect the item (or part of it) to (other pdyts o
itself. The cohesion of compound "A'is stronger if items of A are connettedther elements
also from A. If the connections are to different compounds, the cohdsitower. A high

cohesion indicates that the entity represents a single concept, and thatiibi®mmous to

accomplish most of its functionality.

External references this is the amount of outgoing links that are directed to elements outside

the system containing the item. These could be external references fikietlia page, or
an external library for an OSS project, package or class. Exterfeaereees show those items

that are more “fragile” as their quality depends on external functionality.

2.2.3. Usage De nitions- In addition to these de nitions, and in order to evaluate tisageof
the two types of UGC, we also measure the aggregate number of views thikiipedia page
receives monthly, and the number of downloads that an OSS project iHaimed by users, again

aggregated per month.

3. PREVIOUS RESULTS

This section brie y reports the analysis of two samples of OSS projects aedcategory of

Wikipedia pages]]: the reported analysis and results lay the foundation for the rest ofdpisrp

3.1. Wikipedia Category: Data Extraction

A set of pages was studied from the Wikipedia portal, as an example of avm&ksC project.

Wikipedia' is certainly the most important and diffused online UGC: as of Februarg,20ie

Yhttp://en.wikipedia.org/wiki/Main_Page
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English Wiki accounts for some 3,9 million articles. The category “Softwargiri&ering” was
randomly chosen and studied with its contained pages, sub-categoriegtapdges.

TheMediawiki Special Export Interfadaterfacé was used: given a speci ¢ Wikipedia category,
its pages, sub-categories and sub-pages, the interface allows eclhesda extract an XML le
containing all the revisions of these pages and categories, for of inlysis.

The Mediawiki Dumpertool nally produced a SQL dump from the previously downloaded
XML dump*. The “revision” table containing all the revision histories (with timestamps age pa
references), the “page” table (with the titles and the IDs of each pagé)ha “text” table (with
all the recorded revisions) were used to extract the requested infomaatieffort and produced
output. A set of SQL queries was designed in order to be applied in a simijatonthe wiki page

revisions, and the OSS projects histories.

3.2. OSS Projects: Data Extraction

The Sourceforge repository was chosen as the largest and massenfative OSS repository. In
order to extract a sample from it, the ossmole.org databasgwas downloaded, containing the
basic information of all the Sourceforge projects. The latest available d@fisyrh data, at the time
of the extraction (April 2009) containetl6 142 projects. From this database, three Iters were
applied: one based on the given status of the projects; one classifyiagtivigy of the project, and
imposed by the SourceForge site (“active” and “inactive”); and oladive to the speci ¢ topic (or
application domain) that each project is developed for.

The most representative Status was found to bé&tbduction/Stabl®ne, with25; 877 projects:
other statuses (“Inactive”3; 720 projects; “Planning”,28; 315 “Pre-Alpha”, 22,003 “Alpha”,
23,528 “Beta”, 31; 214and “Mature”,2; 293 were discarded in order to reduce the bias of inactive

projects, or those at the very beginning of their life.

Z http://www.mediawiki.org/wiki/Manual:Parameters_to_ Special:Export
* http://svn.wikimedia.org/svnroot/mediawiki/trunk/mw dumper/
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The most representative application domains in Sourceforge were toubd “Internet” and
“Software Development”, that were hence considered for the initial sampfithe projects.

In order to evaluate the sample sizes, and based on the sample populatidpfojects in
the “Internet” domain, an@; 120 projects in the “Software Development” domain), we chose the
Con dence Level = 95% and the Con dence Interval = 10%. The e=ged sample size for the
“Internet” domain was 94 projects; for the Software Development domaénsdimple was 95. In
both domains, we rounded the sample size to 100 projects.

An automatic procedure downloaded the CVS and SVN history-logs, thratwsed to obtain the
information about the evolution of systems. Only SVN and CVS projects watsidered: projects
managed with different version control systems (such as Git or Mettwiae replaced by other

random projects. Projects without an active version control systararfdrs50%) were also replaced.

3.3. Operationalization — OSS and Wikipedia

Compared to other UGC environments, Wikipedia pages and OSS projeetsinailar ways of
storing the data of past history and revisions. Therefore, from therhikigs of both Wikipedia
pages and OSS projects, the following elds were extracted for each atdraige recorded in the

change log: the objective was to maintain a similar notation of attributes for the pgs tf UGC.

month of change

year of change

contributor

change type (creation or change)

item name (either function or method for OSS projects; pages for Wikipetkgades)

(only for OSS projects) subsystem name (either containing directoryckiage)

Each UGC change affects at least dteen, and is recorded with a plain-text description. The same
item could undergo many changes by the same contributor during the saoe (peonth/year): in
these cases, such changes were counted only once for the same mamideer ito avoid in ating
excessively the activity of single contributors onto UGC projects.
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Tables containing these elds were populated for the OSS projects and ittipedia pages:
SQL queries extracted ttBstinctcontributors per month (i.e., “man-month]], and the monthly
output. With these metrics, we were able to observe the evolution of both thebodors
community working on the project and the output produced, and to evaluaterdauctivity of
each month of the life-cycle. Since several glitches were found in the da@ious projects, a

cleansing phase was also performed, as described in the Appendix A.

3.4. Results — Wikipedia

The analysis of the pages composing the Software Engineering catdgbfilgipedia (900 pages,
17 sub-categories) indicated that individual pages have a varieg affr@volutionary behaviors
(as also observed in the subsections below). On the other hand, thegatggrcategory-wise
behavior showed three distinct phases: a "lazy-initialization", then a tqregéod of high activity

in the middle, nally the curve tends to lower values. Figurelearly shows these phases, when

considering the aggregate behavior of all the pages composing theryatego

Edits — Software Engineering category Contributors -- Software Engineering categary

S W s ;o -
a8 8 5 B a8 8 & =

k'.;-:= BE-08x> + 0.0087x7 - 334.92x + 4E+06

: R*=0.901

Figure 1. Wikipedia results — Number of edits (left) and nembf distinct contributors per month (right)

3.5. Results — OSS projects: Two-phase models

As visible in tablel, even when sampling only among thetive projects, and by focusing on two
SourceForge categories, the general results found regarding gheflSaurceForge still applyLf].
Small projects, and with a short-to-medium life-cycle are generally the majaniteruthe OSS
largest repository.
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Category Internet  Software Development
Sample 100 100
Analyzable (Logs> 2 months) 76 82
Logs< 1 year 28.95% 19,51%
lyear Logs< 2years 22.37% 14,63%
2years Logs< 5years 31.58% 40,24%
Logs 5 years 17.11% 25,61%

Table I. Characteristics of the two studied OSS categories

The majority of the projects in the two samples were found to follow two main moadstse §0%
of the projects from the “Internet” sample and 52% of the projects fromSloétivare Development”

sample show a recurring 2-phase pattern, described as follows:

1. inthe rst phase, the activity appears to be sustained with a relevatritmation in terms of
created and changed items per month. The amount of contributors came seklition of new
people interested in creating new, or changing existing, items and content;

2. in the second phase, the activity of the contributors shows a conslielesbow-down,
sometimes dropping to a null activity, in terms of new or modi ed items. The number o

contributors often drops to one, at which time the overall activity becomas more sparse.

Figure2 shows such pattern for two of the analysed projespezandxelem . Especially for the
epozproject, it is evident that it started to generate some interest from oth&ilrdgors (up to 5),
who helped in the creation and modi cation of the underlying contents. Hewaefter this initial
phase, the original project owner remained alone to keep the projed,geitich decreased the
overall activity, and its sustainability (and the activity even drops to zerimgisome months).

The project in Figure3 (Emiog illustrates the typical issue with productivity of two-phased

projects: in the rst phase of the life-cycle (until June 2005) the contaisiactivity is very

{ http://sourceforge.net/projects/xelem
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Effort and Output

epoz project Effort and Output
250 6 Xelem project

handled items
contributors

handled tems
antributors

k» e
¢ o

05/03 11/03 06/04 12/04 07/05 01/06
& Contributors ~9-Handled items

104 w05 orres 105 0308

& Contritutors & Handled tems

Figure 2. 2-Phases Pattermpozandxelemprojects

high, going up to more than 400 Total Handlings for month. After that monthachieity slowly
decreases and rarely exceeds 300 Total Handlings for month. Ma#dyclee can observe the
productivity in Figure3 (middle), where the relationship between the number of contributors and
Total Handlings is considered. As we can notice, the productivity in thiehadf of the life-cycle
often exceeds the 200 items/contributor threshold, while in the second hglfarely it exceeds

the 100 items/contributor threshold. Considering the cumulative trend ofiptioity, 80% of the
total productivity is expressed in the rst half of the life-cycle, the remagreing deployed in the
second half. In this case a Logarithmic Regression gives a coef cfatdgtermination R-squared of

0,97% (Fig3, bottom), that is a very satisfactory value.

3.6. Results — OSS projects: Three-phase models

For other projects, the observed evolution featured a rst phase of slolution, a larger phase
of many contributors and high activity, and a later phase of burnoutHigeee4 left), while other
projects have only two phases (large growth and burnout phaseyleztim their versioning system
(see Figuret right).

The projects mentioned in secti@b above show quite clearly an initial phase, and a burnout
phase, but somehow they fail to achieve the explosive phase of “gamvaldissemination”. If new
contributors are not added to OSS projects, it becomes less likely thapsajebts will produce an
explosive phase of growtlT]; if only one contributor remains in the development, it is more likely
that the project will observe a burnout phase.
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Effort and Output
Emios project
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Figure 3. Emios project productivity analysis
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Effort and QLnPut Effort and Output

Amsn project Alfresco project
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Figure 4. 3 Phases Pattern
4. AGGREGATING THE RESULTS

The results shown above are based on a two OSS samples and a smallrseleptiges from
Wikipedia. The objective of this section is to expand on the above resulistcaaggregate the

individual facts obtained, especially when analysing the evolution andisability of the OSS

projects.

4.1. Wikipedia categories

The evolution of the Wikipedia content was replicated by analysing the agtégGhemistry’®. As
above, the amount of edits were counted, and the number of distinct etotslevaluated for every
month of activity of each page, and for the whole category. Taldemmarizes the number of pages

and categories involved, as compared with the “Software Engineeringgay presented earlier.

Category Software Engineering Chemistry
Subcategories 17 69
Pages 900 4,900
Edits 74,000 407,000
First recorded change 2001-04-02 2001-03-10

Table II. Characteristics of the two studied Wikipedia gatgées

Khttp://en.wikipedia.org/wiki/Category:Chemistry
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The images in Figuré show the amount of edits for the “Chemistry” categories (left), and the

number of distinct developers editing the pages composing the categdmy (rig

Edits -- Chemisiry category Contributors -- Chemistry category

a2 8 858 &8 &8 38 3
= 8 B B &5 &8 &

Figure 5. Wikipedia results — Number of edits per month Jlaftd number of distinct contributors per month

(right) for the “Chemistry” category

The regression lines found to be more representative in the four trdnBgyures 1 and 5
are polynomial ts of the third ordery(= ax® + bx? + cx + d): for the evolution of edits and
contributors of the Software Engineering and the Chemistry categorieguaté determination
coef cients (R?) were found in the curve tting (0.8587, 0.901, 0.843 and 0.8422 rei@dy).

As mentioned earlier, the growth trends of individual Wikipedia pages are naried, and do
not tend to follow a polynomial pattern: tablé summarizes the amount of pages whose cubic

regression provided aR? larger or smaller than a threshold value of 0.8.

4.2. OSS Projects — Aggregated Results

The evidence shown above shows that, in speci ¢ OSS projects, théydeéscends to zero, and
no additional effort is provided to the project. A further experiment veasp to evaluate the pattern
of evolution of theoverall productivity of the two samples of OSS projects (and not only of single
projects). In this case a database was used to store all the projects mstory table and SQL

gueries were used to evaluate the effort on the “overall” samples andritierd of contributions

The number of contributors was evaluated by SQL queries, shreealues found in theoxred93server were not
accurate. The values of the monthly edits were also evaluat&idh statements: when cross-checked with respect to

thesoxred93values, they were also con rmed as inaccurate.
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Category Type R2< 08 R?>=0:8

Chemistry Contributors 4,172 21
Changes 4,113 59

Software Eng.  Contributors 957 13
Changes 958 12

Table IIl. Polynomial interpolation for single pages of Wikdia

done in all the projects belonging to each of the samples. As we can see ie Eighe 2 analyzed
samples satisfy the 2 phase pattern if we consider all the 100 projects inntipdesas a unique
project.

The gure clearly shows that productivity has a decrease in the selsalfidmore speci cally,
a cubic interpolation is evident, especially for the number of contributors {&sel\V). A proper
goodness of tis not found for the output of the SD sample: this mirroratvig found above for
the single Wikipedia pages, when considering an individual page or a samflle compared with

the overall category.

R? TotHandlings  Effort

Internet sample 0.8026 0.9266
SD sample 0.504 0.795
Overall Internet 0.8796 0.9329

Table IV. Goodness of t of polynomial curves: determinaticoef cient R?

In order to obtain a more evident proof, we decided to perform thetedivalysis on all the
5; 103 projects belonging to the “Internet' category. Results are shown in Figjdoettom), and
the last row of tabléV, and they re ect what is found in the Wikipedia categories studied above:
at an aggregate level, the whole category of the “Internet” projects éemithg trends of effort
and activity. This is re ected by the determination coef ciéRt of the polynomial interpolations:
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Figure 6. Productivity trend of the 'Internet' and 'SoftveaDevelopment' samples, and the whole “Internet”

category

Copyright ¢ 2012 John Wiley & Sons, Ltd. J. Softw. Maint. Evol.: Res. Prag2012)

Prepared usingmrauth.cls DOI: 10.1002/smr



SIMILARITIES, CHALLENGES AND OPPORTUNITIES OF WIKIPEDIA AID OPEN SOURCE PROJECTI®

a slow start, a fast growth and a rapid descent of both effort and opitpduced signal an overall

“failure” of the category (and not just of the single projects).

5. ASSESSING THE VALUE OF WIKIPEDIA PAGES

The curves shown in Figurels 5 and 6 show that, at an aggregate level, not only samples, but
also large categories of UGC projects tend to involve less and less contsilower time, and face
decreasing amounts of activity which could point to either “abandoned¢ampleted” projects.
In both meanings, since the core source of such UGC is available to ahyongodi cations
and additions, the fundamental question for researchers and pracstisnehat to gauge from
this enormous amount of freely available content. One immediate aspect tombidared is its
harvesting, extraction and classi cation: within large OSS repositories, slyntia “car dumps”
or‘land lls”, systems and components can be searched and their vatesses.

The two main aspects to be considered when harvesting such large coieafitems are, at
rst, the identi cation of the value to be harvested; and secondly the etitnaof such value, that
could be even reused into other projects. This and the next sectionsvidedahe issue of such
identi cation, by focusing on the two studied characteristics that shouldhsidered to determine

the value of UGC projects, or part of them: usage and modularity.

5.1. Wikipedia Pages — Usage

This section analyses how to determine the value of Wikipedia pages bast@iomsage by
interested readers, measured in number of views per page: when adanger of views is recorded
for a page throughout the months, one can argue that the page is cedsédea good source of
knowledge, that could be promoted to a more established format (booksPrieided the list of
pages contained in the studied categories, the number of monthly visits veereled for each
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page”, in order to quantify the usage (and usefulness) of the pages in the sdamgtneral, the

temporal data of such views can be grouped in three types:

Slowly increasing/constant number of views: these pages act as paieteoénce for few
dozens of views per month: after an initial phase, this pattern is quite cornistanghout

the months (see Figurg top). In a sub-set of 50 pages from the two samples studied, we
manually checked and observed this pattern 16 times.

Growing number of views: other pages show that the usage by readerseiasing throughout

the months (see Figurg middle). In the sub-set of 50 pages, we observed this pattern 23
times.

Very large number of views: some Wikipedia pages receive a number w\tieat is one
order (or two) of magnitude larger than the rest of the pages. Thesss s@gm to act as a
major point of reference for interested users (see Figuipettom). In the sub-set of 50 pages,

we observed this pattern 8 tinfés

In both the increasing number and the very large number of views, the isipnes that such
pages already provide value to the readers. By cross-checking tiigenwfeditsand the number
of viewson the same page, in some cases one interesting aspect emerges: this oetiiegpr
an inverse trend than the number of edits, low at the beginning and theasirgydater, remaining
guasi-constant in the latest months (see Figurehere the growing — then stable — number of views
to the “View model” page is depicted). This can re ect the assumption that #ge s complete,
and it's being visited regularly as a reference by students and resesr&uch status should trigger
some sort of recognition, and such pages could be promoted to the stégtesbtd”, or “third-party
checked”, therefore properly reusable as references.

It is also possible to cluster these pages by averaging the number of visitsgogh: some
5% of these pages receive less than 10 views per month; some 9% rbeeseen 10 and 100

views per month (on average); the majority of pages (54%) receive®brt®00 and 1,000 views

¥Y By using thgsonservice available dittp://stats.grok.se/json/
?zn the remaining pages we observed a “descending” pattern wb\dgimes
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Figure 7. Wikipedia views and patterns — small and constapi (increasing (middle) and very large and

constant (bottom)
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Figure 8. Wikipedia edits and views — “View model” page

per month; more than a quarter (26%) between 1,000 and 10,000; while arspmatien (7%)
receives more than 10,000 views a month. It becomes inevitable to put moedivahe pages (the
Uni ed_Modeling_Language page, for example) that receive a nurabgrews which is one or
more orders of magnitude larger than other pages.

The next subsection describes whether the value of these pages caedied also by their

modularity, signaling not only “externally”-valuable resources, but &tgernally”-modular ones.

5.2. Wikipedia Pages — Modularity

While it is interesting to observe how a certain page is accessed by usess (&xtrinsic”
measurement of its usefulness), the above analysis does not showtthmesitf value of that page.
As a measurement of the internal value of a page we studied its modularity mettéggting the

fan-in, fan-out and “external references” concepts to thesesattef

Fan-in: for any given page, this is the number of other wiki pages thet &gointer to that
page. To properly summarise “who's calling who” in Wikipedia would reqtiranalyse the
whole namespace of Wikipedia: since this would take too long, the followinlysinanly
studies whether a page is being referenced by other pages in the sagm\ate

Fan-out: for any given page, this is the number of links that are cont&nine page: such
links could be towards generic wikipedia pages (\Wiki Fan-ou), or towards page in the
same category (i.eGat Fan-ouj;
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External references (Ext.refs, dveb Fan-out for any given page, this is the number of

referenced links that lay the boundaries of Wikipedia.

These measures are analysed in relation to the number of views: it would beamigo establish
a link between how much a page is viewed by users, and how it providesiation also to other
Wikipedia pages. Table shows the Pearson's correlation coef cients between the four modularity
metrics and the number of views. None of them is strongly signi cant (i.e.efatigan 80%),
but indeed it is found that the relation between the monthly average numbéves has a 70%
correlation (mild-to-strong) with the amount of Fan-in of the same ha@ther relations are weaker,
and show for example that there's little relation between the amount of linkdéonak websites in
a Wikipedia page, and the amount of other Wikipedia pages linked by the sgee p

The usage and modularity analyses on the Wikipedia pages and categuriesopthe same
result: pages with a large amount of Fan-in and sustained, large numinendfly views form the

most valuable set of pages contained in Wikipedia.

Ext. refs Fan-out Fan-in Cat Fan-out

Fan-out 0.45

Fan-in 0.14 0.22

Cat Fan-out 0.23 0.51 0.32

Avg Nr. of views 0.17 0.33 0.70 0.17

Table V. Pearson's coef cients between modularity metdonsl monthly average number of views

2The measured Fan-in is a lower-bound of the real one: for the gagnly the pages in theamecategory pointing to

X are counted as X's Fan-in, although there could be otheepéoutside that category) that have a link to X.
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6. ASSESSING THE VALUE OF OSS PROJECTS

6.1. OSS Content — Usage

In a similar fashion, we studied the usage of OSS projects by analysing thigenwf downloads
that OSS projects bene t while on their SourceForge websites. A similasfggdtterns was also
found: few projects bene ting from a semi-constant, large number oindloads; projects observing
a seasonal, but overall increasing, amount of downloads; and otbjects showing lower and
scattered number of downloads.

Apart from those three patterns, we could also observe a fourth @iee:agperiod of relatively
large number of downloads, some projects show a sharply descenditzenof downloads, that
essentially degrades to zero. These projects show all the characterfistitsustained effort, where
the contributors do not provide any more code to the project: in order to mma&ee of extracting
value from “abandoned” UGC, in this section we only focus on such pt®jhat could clearly be
considered as not evolving. We did so by only selecting the projects shdlériinactive” special
tag: the SourceForge website identi es projects with a low activity, and labels “inactive”. In
the overall pool of analysed projects, we found 100 projects that #aitag in their SourceForge
pages.

Through the SourceForggson servicé |, it is possible to analyse the monthly number of
downloads of the inactive projects. In general two patterns can beveloseone, very common,
showing that an initially large number of downloads decays until becomingipatly null; the
second one, less frequent, showing how the available les of a projecitdl downloaded, even
though the project was declared inactive.

It becomes clear that the vast majority of the abandoned projects exgesiansharp decline
in the number of downloads, showing that from the users perspectige tB8S projects are no

longer containing valuable resources. Even if, as pointed out in Istali[22], constant activity

See for instance the description of ttestidyproject,http://sourceforge.net/projects/csstidy/
Yhttp://sourceforge.net/p/forge/documentation/Downlo ad%20Stats%20API/
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Monthly number of downloads
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Figure 9. Decreasing (top) and stable (bottom) number oindlmads in “inactive” projects

is not always related to users' downloads, and few OSS projects stairsa constant number of
downloads, these projects seem to decline in the productivity by devs|apet in the number of
end users.

From the developers' perspective, the second question that shoulhed is whether any
component of such abandoned projects could be salvaged, basspemtsaof internal modularity,

and possibly reused in other projects.

6.2. OSS Projects — Modularity

This section deals with the modular characteristics of the OSS projects: itad bashe analysis
of one the inactive projects mentioned above (Xelem, see Figunehile not conclusive for all
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the OSS inactive projects, the approach to study the modularity of a systeritsapackages
(or components) is open and reproducible. The same analysis is pedf@iniarge in the next
subsection.

Differently from the Wikipedia “pages”, this section uses the Object Orifipackages” as
the modular characteristics of the Java OSS projects: the value of thete §faUGC is assessed
based on the principles of modularity, by making sure that they achievgkrmeapsulation, while
keeping the dependencies to the external resources to a minimum. The' ‘oiibe OSS content
is assessed briey in the following using well accepted and diffused jmies of modularity:
in particular, the principles of “High coupling and low cohesion”, “informatibiding” and the
principles of “package design” are put into practice to de ne if the pgekaas components) can
be given a higher or lower value mark as long as they respect more @uesprinciples.

Three releases of Xelem (i.e., r1.0, r2.0 and r3.0) were analysed tined@iodularity perspective.
The results of such extraction show that r1.0, released in 2004-1i8-&¢06mposed of 9 packages:
the total number of calls performed by all classes in this release is 1,09&l$biwisible that 2 of
the packages(.fountain.xelem.excel.ssdnl.fountain.xelem.excehlone produce more than 80%
of the total calls: the other packages perform only the 14% of the callshes@an conclude that
most of the logic for this speci ¢ project is contained within these two package

When analyzing the other two available releases of Xelem project (r2.0320y despite the
growth of the project in terms of number of packages (14 in r3.0) and nuofibetal calls (1,806 in
r3.0), the relevant packages which perform more than 80% of calldikhthessame as before, plus
another package which however is a sub-package f@untain.xelem.excelhe core of the Xelem
project has always remained stable during the evolution cycle of the entijecp this could be
considered as a rst hint to signal valuable resources. FigjQshows the two releases, and how the
evolution in growth did not affect the overall composition of the architectune its components:
the "Calls IN! IN" represents the percentage of calls which start from the core ofpibei s
project and terminate in the core itself (i.e., its cohesion); the "Calls OTHER" represents the

percentage of calls which start from the others packages of the sgeoject and terminate in that
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Figure 10. Xelem Architecture Digraph — Releases 1.0 and 3.0

packages that are the core (i.e., the Fan-in); nally the "Call$ IDTHER" signals the amount of
calls from the core to the other packages (i.e., the Fan-out).

The identi cation of such resources becomes a key issue: without @&pexplanation of what
these resources achieve, it becomes quite dif cult to realize what is inls&s® packages, even
if their modularity is good. A short description of those packages as folleadd be needed to

provide additional value:

nl.fountain.xelem.excel provides interfaces and classes that represent elements in
SpreadsheetML (the XML schema for Microsoft Of ce Excel 2003);
nl.fountain.xelem.excel.sprovides classes that represent the elements of a spreadsheet's
namespace;

nl.fountain.xelem.excel.ss.lg@rovides classes that enable reading SpreadsheetML.

With these descriptions and packages available, a possible way to reuselibéschitecture
could be by wrapping these packages, which are known to be stableg dliein evolution, and by
making an opportunistic reuse of a large amount of code, and avoidingitwént the wheel”.
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6.3. Modularity and Abandoned OSS Projects

A similar analysis to the one performed &2 was replicated for all the Java projects that are
agged out with the “inactive” tag in their SourceForge pages. Out oflib@ inactive projects, 18
are written in Java, and an overall 520 packages were analysed, gétfd @ their Fan-in, Fan-out,
Cohesion and reference to External libraries.

Among all the studied packages, the maximum observed Fan-out is anl &/Hdacalls to
56 different packages; the maximum observed Fan-in is an overall 2&86from 96 different
packages; the maximum observed Cohesion is 548 calls (to itself); while thenomaxnumber of
external references is 946 calls to 12 different external librarie$ €anluding the standard java.*
and javax.* libraries). Apart from these maxima, a large variability is oleskim the modularity
metrics of the packages studied, which makes it dif cult to summarise thenhigegdly. However,
by summing up the Fan-in, Fan-out, Cohesion and External Referemeashtain the percentages
of each metric, whose statistical distribution is summarized in the box-plots ofeFiguexamples

of how this was done are reported in tablebelow.

Figure 11. Boxplots: relative distributions of Fan-in, Faut, Cohesion and References to External Libraries,

in the 540 abandoned packages
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The Fan-in, Fan-out, Cohesion and External References are malust at a lower level of
granularity, by counting the amount of method calls between methods: papldtas 129 inbound
calls (Fan-in), 33 outbound calls (Fan-out), 41 calls to elements containtsklfy and 946 calls
to external libraries, totaling 1,149 calls. This produces a percentageFdiri1l.23%, a Fan-out
of 2.87% and so on. On the other hand, Herow of tableVI uses a coarser level of granularity,
showing that the same package p1 has calls to 12 different packagesfareceives calls from

5 distinct packages (Fan-in) and issues calls to 10 different exteswkhges.

F-out F-in Cohe ExtLib| SUM | F-out (%) F-in(%) Cohe (%) ExtLib (%)
METHOD CALLS

pl 129 33 41 946 1,149| 11.23% 2.87% 3.57% 82.33%

p2 0 0 18 143| 161 0.00% 0.00% 11.18% 88.82%

p3 0 244 59 5/ 308 0.00% 79.22% 19.16% 1.62%

p4 1 26 5 0| 32 3.13% 81.25% 15.63% 0.00%
PACKAGE CALLS

pl 12 5 1 10| 28 42.86% 17.86% 3.57% 35.71%

p2 0 0 1 6| 7 0.00% 0.00% 14.29% 85.71%

p3 0o 21 1 2| 24 0.00% 87.50% 4.17% 8.33%

p4 1 5 1 o| 7 14.29% 71.43% 14.29% 0.00%

Table VI. Modularity characteristics at the method- andkaae-levels for 4 example packages

It becomes interesting to notice how the packages pl and p2 differ froan@g34: in both
pl (from the inactivgrdf project) and p2 (from the inactiveitags project), the number of calls
to other elements, either internal (Fan-out) or external (ExtLib), is mugeddahan the Fan-in and
Cohesion (both at the method- and package-level). This makes p1 aedyd&ittle, and dependent
on other elements, which is not an ideal design characteristic. On the @ihéy the packages p3
(from thetagtraum-joinactive project) and p4 (from th@mplessiténactive project) behave very
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differently: their Fan-in and Cohesion, at the method- and packagé-feesent the attributes of a
well-encapsulated and independent package, that rely in a very limitedrnveyternal resources.
Although abandoned, these packages present the characteristicsethéret modularity that is a
necessary albeit not suf cient) condition for their reuse into other ptsje

These ndings have the potential of pointing with suf cient precision thekzayes that could be
evaluated for potential reuse, given their modularity characteristicenGhe overall pool of 520
packages from inactive projects, in over 100 packages the sumir{Ra@ohesion) is at least twice
as hig as the (Fan-out + ExtLib) sum. Although not completely conclusigigoitild be possible to
enforce these (and other) modularity conditions to scope down a retisicefpotentially reusable

resources to analyse further.

7. DISCUSSION AND IMPLICATIONS

From this and other research papers, it is becoming clear that the magelspd by the Open
Source advocates provides users with a very large quantity of sofatare cost, developed in
an open way, trusted and deployed also by large corporations. Thesidlkeof the Open Source
phenomenon shows that most of these projects do not reach a lardepaesecommunity, let alone

a large audience of users. What was shown in this paper is therefbief pdarger user-generated
content phenomenon, that seems to undergo similar patterns of growtmareln general, of

evolution.

One counter-measure to the observed declining patterns in OSS producteiand more often
the inclusion of companies to sponsor the developnt&gr#][ at various level of involvement, from
simple partners, to contributors, and even as project coordinag@prin[other cases, and when
corporate involvement seems less likely, a very large number of OSS {rtggamassed in open
portals, without being developed further. The same nding was obddorehe Wikipedia content,
and similarly to OSS projects, categories loose contributors and activityeaggregate level.
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The implications of these ndings are two-fold, and they span all sorts ef generated
content, from knowledge-sharing sites (e.g., Twitter, blogs, etc) to QusstidAnswers sites (e.g.,

StackOver ow), to Wikipedia and Open Source projects.

7.1. Implications for end-users

From the end-user point of view, corporate businesses and norresd wsuld not want to
invest money or time to invest in abandoned content, with no followers andmondément in
the maintenance of its features. On the other hand, providing guidelinestitegdish between
“inactive and abandoned” and “inactive but still used” content coatgesas valuable information
to end-users who could decide to deploy unmaintained, but largely accesatent. Similarly,
corporations could even decide to start sponsoring an inactive prdfettcontained clearly

identi ed and valuable resources.

7.2. Implications for contributors

From the contributors' point of view, two implications should be conside(&ylreuse and (2)
identi cation of such content. From theuseperspective, the quality of the content itself could be
identi ed through traditional software engineering or modularity metrics, deoto separate single,
modular components from the whole. These modules should be extractedsed, described and
made available in an open way, in order to facilitate their reuse in other projects

From theidenti cation perspective, the original authors of abandoned content should take th
responsibility to inform others that they are not interested in supportinghareing their systems,
and to distinguish their between “inactive” and “abandoned” content. Sifosild be done for two
fundamental reasons: rst, to be able to clearly distinguish “inactive bw"aprojects from the
“abandoned” ones, and to give a clearer message to the interestedensgsecond, to implement
one of the most powerful features of OSS development, namely the abilitytfier developers
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to “take over” abandoned projects, in order to sustain a new phasevelogenent, managed and

sustained by someone other than the original creators

8. RELATED WORK

The concept of UGC is not a new one: it has been described as bagedtipative effort by a
cohort of contributors, it has to be published in some common format andapemway, it has to
be based on creative work, by using and showing technical skills, drasito be created outside
one's professional routine work, as to say that it should not be paeity work requirementsdg.
The contributors producing such content have been categorizediousaxays, either “active”,
“passive spectators” and “inactives”, or even by theorizing the uarioles that contributors tend
to adhere to (“critic”, “active creator”, “collector” or “joiners”Pf].

The paradigm shifts caused by UGC have been multiple: cultural, sinceemtsipnave become
participants in the creation of content; economic, with the advent of “prosimeho are both
producers and consumers of online content; and labour-related, amageurs compete with
professionals in the production of content whose quality can be monitgrpddys B2].

As a prime example of content generated by hobbyists and non-prafaksidthe evolution
of OSS has attracted attention by researchers in particular when tryingrtpace “open” and
proprietary systems, in order to test, in an open development, the validity aialwewidely
accepted “laws” of software evolutiod}]. As mentioned above, some studies have demonstrated
that a number of agship OSS projects achieve patterns of evolution thetriw been observed in
proprietary systems: among others, Godfrey etldi] flemonstrated that the Linux kernel achieved
a superlinear evolution; Herraiz et a@l9 examined the growth of 13 OSS systems (mostly from the

Debian/Linux distribution), also concluding that the predominant mode ofthravas superlinear;

The process is detailed, for the SourceForge repository, at

http://sourceforge.net/apps/trac/sourceforge/wiki/A bandoned%?20Project%20Takeovers
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similarly other studies, based on a selection of large OSS projects, claimedothat of such
projects can practically achieve a linear or a superlinear groW&H?| 28].

On the other hand, further empirical studies on OSS projects have higlligdtarring issues
and results that researchers face when mining large repositories gifOjgsts, the most important
and diffused one being SourceForge: it has been reported that firtbst ©SS projects are small,
tend to involve very few developers, and they are mostly inactivgl d, 35] let alone being actively
used by users after the downloddi] 21, 34].

One of the reasons for such diverse results is due to the type of athaystems, and the
selection process: when randomly sampling, or considering the overafl pmjects of large OSS
repositories, the ndings tend to be uniform and con rmed. Conversehgn sampling a speci c,
representative sample of successful OSS projects, the ndings teedhtoke sparse and optimistic:
this has been found when analysing speci ¢, successful OSS proiectsding packages in the
Debian/Linux distribution, or some of the agship OSS projects (Linux, KIMpache, Samba,
etc.). This paper has tackled this second approach to sample OSS pinjectgr not to highlight
“exceptional” characteristics, but to propose a more general view af vghfound in large OSS
repositories, and whether “trash” or “treasure” could be identi edrfithe reuse point of view.

The evolution of Wikipedia has also attracted several studies: what is stiteyego note is a
certain point in time (in 2007) where researchers reported a chandmgpefia the rapid growth of
this online resource. Studies reporting the evolution of Wikipedia befateiatil 2007 have shown
that the number of pages and content grew exponentially, and that thiduease the fast growth
of its users and contributors bas#.[A later article proposed instead that the Wikipedia growth
can be expressed by a logistic curve, and thié ‘population of Wikipedia editors is exhibiting
a slowdown in its growth due to limited opportunities to make novel contribtitip®d. This
point was later con rmed either as a real danger for the whole ecosysttrim Wikipedia [27], or
simply as a normal issue in large system, where growth goes through difigegies, modeled by
different growth modelsd5]. Interestingly, the proposal that any UGC (as Wikipedia, or the OSS

content) could be uniformed in a “lightweight” or a “heavyweight model feepproduction could
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produce the rst differentiation between sustainable and abandomnedifwpleted) contentlg]: an
“heavyweight” model in fact produces stronger-ties between partitspand better negotiation of

purpose.

9. THREATS TO VALIDITY

Like any other empirical study, the validity of ours is subject to severahthrén the following,
threats tointernal validity (whether confounding factors can in uence the ndinggxternal
validity (whether results can be generalized), aodstruct validity(relationship between theory

and observation) are illustrated.

9.1. Internal Validity

The following threats to internal validity have been detected:

As a metric for the input, we used the number of distinct contributors per mdhte.was
done to compare the OSS data with what is available in the Wikipedia edits (atsaledc
monthly). This means that if a developer only makes a small change in one mdhilé,
another does the vast majority of the coding (or editing), we will be countiognZributors
for that given month.

As a metric for the output in Wikipedia, we used the total number of edits to thespag
composing a given category. We are aware that some of the edits ardega@s “minor”

by the soxred93toolserver: since we were not completely con dent on the accuracyeof th
“number of edits” metric, let alone the “number of minor edits”, we prefem@évoid a
cumulation of weakly de ned metrics, and just use the “number of edits” alone

Apart from their CMSs, OSS projects can be also measured by analytsinlg goints of
development (i.e., releases) while Wikipedia only evolves through small ge lelnanges
which are not consistently tagged as "major' or “'minor' by the contributéos this reason
we use “incremental changes” (i.e., maintenance) as a synonym fdutievd in both UGC
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environments. We believe that for suf ciently long periods of analysis thmse'evolution”

and “maintenance” can be assimilated.

9.2. External Validity
Recognised threats to external validity are:

the OSS results apply to a sample of projects from Sourceforge. Surelbgleranother,
higher-pro le repository (Debian, KDE, Gnome, etc) will yield differemtsults, in terms of
less “one-man bands”. The study nonetheless highlights that somethaigysrés hidden in
a large repository as Sourceforge, where a large percentagejetisrsimply do not evolve;
the Wikipedia sample is also very small compared to the population: instead dmén

extracting Wiki pages, we decided to analyse two full categories. Oblyithes results could
change considerably by choosing other categories. We are contdeangh that a random

extraction of pages (not categories) from wikipedia could yield similartesuours.

9.3. Construct Validity
Further threats to construct validity are:

we assumed that the categorization of “stable” and “active” projects esrded by
Sourceforge is accurate. Since this is not a parameter that we couldicamihad to accept
it “as is” since all the hosted OSS projects are classi ed by that metric;

we assumed that the data of the Wikipedia edits contained irsdkeed93toolserver are
appropriate. Since we saw discrepancies in the measurement data, tlom datatributors

was re-evaluated by using the dumps by the MediaWiki website

10. CONCLUSION AND FUTURE WORK

This paper is an attempt to de ne if there are similarities in the evolution of Wikipeaient and
OSS projects, as expressions of UGC environments; if both face chedlémgheir evolution; and
whether opportunities can be found in the harvesting of value from tlesseirces.
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This paper argued that the evolution of Wikipedia pages and the OSS tgrgjeare some
commonalities in terms of their evolutionary patterns; in particular, it was fouaicetiprede ned,
cubic model could be used to explain several of the similarities in “abandawedompleted”
projects and Wikipedia pages. Furthermore, it was also found that atgtiregate level, such
behavior is more evident than at a lower level of granularity (e.g., a siragle pf Wikipedia, or
a single OSS project). Large UGC content can be modeled by a cubic famigjmcting a logistic
model, with an initial phase of slow growth, a longer phase of more sustaimedig and nally a
phase of burnout. Smaller UGC content is more irregular, and modeled lyphsse pattern, i.e.,
the explosive growth phase does not happen.

On the other hand, this paper showed that abandoned (or complet¢eitconVikipedia pages
or from OSS projects represents a valuable resource for potentsa: ey investigating completed
OSS projects, one can nd valuable components ready to be reusedydstigating frequently
visited Wikipedia pages, one can de ne third-party checked knowledajedites not need further
amendments. By investigating externally-measured value, as the numbewnsferahe Wikipedia
pages, and the number of downloads for the OSS projects, it is foundehasuccessful UGC
tend to be accessed one or two orders of magnitude more than other ctmtorThe cases, such
usefulness is also equipped by structural modularity, in which the undgrtontent does not
require external references to be independent. By leveraging thislanibgwoncept, we nally
focused on the Java packages of abandoned OSS projects, argiiaegeh abandoned but modular
components could provide valuable resources to be harvested ard.reus

The ndings of this paper, if con rmed, have several open avendeteeelopment and research:
rst, other UGC sites could be added to this analysis, by parsing for instémecresults of technorati
(http://technorati.com ), that can browse for a large amount of user-generated media
(including weblogs). Second, the effects of the three phases shoutthbied: are all UGC's
destined to end up in a burnout phase? What is the repercussion ohdugf? Third, the potential

of abandoned projects to be reused (fully or in part) as resourcesdnpibjects should be studied,
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by evaluating techniques to automatically index and list resources which comiiblythe basic

requirements of reuse.
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A. APPENDIX — DATA CLEANING

Before the evaluation of the effort metrics, a cleaning phase was pexthibecause anomalies were
identi ed. Figure 12 details an example of an anomaly detected in the trend of total handlings and
how it is transformed after the cleaning. The reported example is based Brukerfoldeiproject:
during a low productivity period of the contributors, month 11/2004 showsexpected peak of
Total Handlings. This high value could represent a breakpoint seépguaprevious phase of poor
activity from a new one with more activity but, as we can notice, this peak io#atésl occurrence.
Probably the peak is due to a refactoring activity (not intended as cstteicturing, but as folders
moving, le renaming...) which doesn't represent an effort related tat@wa or modi cations of

code lines. The cleaning process consists of the following steps :

1. the rst month of activity is not considered to calculate the Total Handlmggric. Usually
in the rst month a large number of new les are found because they dagectto the initial
import of the project in the repository, so the Modules Created metric doepresent a
trustworthy description of the effort. In this case the value of the metric i®sebnly in the
rst month.

2. An anomalous peak is detected if the current value is larger than 200% ofoving average
(months with zero activity are not considered in the average computafiarpebk is detected

2 cases were computed:

if at least two of the following values are larger than 200% of the movingaaesrthe
peak is not removed because it represents a new phase of produfotihe project;
otherwise the peak is removed and replaced by the average value oftéhsedas till

that point.
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Figure 12. Data Cleaning Phase
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