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Abstract: Free/Libre Open Source Software (FLOSS) projects can bsidemed
as learning environments in which heterogeneous comresmiet together to ex-
change knowledge through discussion and put it into pratticough actual contri-
butions to software development, revision and testings lals encouraged tertiary
educators to attempt the inclusion of participation in FISO8ojects as part of the
requirements of Software Engineering courses, and pilatist have been con-
ducted to test the effectiveness of such an attempt. Thisrpgiipcusses two pilot
studies with reference to several studies concerning tleeofdearning in FLOSS
projects and shows how using FLOSS projects as E-learnalg Ias a potential to
increase the quality of the software product.

Keywords: OSS development; Education; Pilot Studies; Knowledge Bngh; E-
learning; Software Quality

1 Introduction

Over the last years Free/Libre Open Source Software (FLO&S8nunities have proven them-
selves to be able to deliver high-quality system and apidicasoftware. Although FLOSS com-
munities consist of heterogeneous groups of independdumite@rs, who interact but are driven
by different interests and motivations, and may appear texéernal observer chaotic or even
anarchic, they actually have specific organisational ctarstic [Muf06]. These characteristics
have been identified and analysed through empirical studigish highlighted the implications
of the FLOSS phenomenon throughout the information, kndgde and culture economy, in a
multidisciplinary context that goes well beyond softwaevelopment iuf06, Ben03. Benkler
[Ben03 goes even further and suggests reasons to think that pedugiion may outperform
market-based production in some information productidiviéies in which a pervasively net-
worked environment plays a major facilitating role. The giatity of Benkler hypothesis makes
it suitable to be applied to an educational cont&xitDg

Education has been showing during the last years multédcsigns of crisis which affect
all levels from primary to tertiary: diminishing academich&vements, increasing number of
dropouts, teacher shortages and collapse of educatiomm&foA workshop held at Bagnols,
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France, attended by educational practitioners, techisitgdorain scientists and cognitive psy-
chologists has identified factors in the current crisis incadion and examined the potential
uses of innovative technologies to support educatid®0fd. Two important conclusions of the
Bagnols workshop are thatducation must be learner-centread thatlearning must be social
and fun[TS03. Learners are no longer comfortable with traditional neodé education, in
which information is presented linearly, mostly in a texsbd way, with almost no activities
aiming to put acquired knowledge into real-life practiséisThas created a mismatch between
modes of education adopted by schools and universities aaigm living style. In fact, nowa-
days information is presented to the public in daily lifesthghout multiple streams and multiple
modalities simultaneously. The Internet provides a richmich more frequently updated and
more appealing source of information than printed newspapeagazines and books. More-
over, information on the Internet is multi-modal and is anigad in a tree-like or even graph-like
structure rather than linearly. This allows learners takjyinavigatetowards the targeted infor-
mation in a way that appears to them more similar to pure &itenent than to academic work.
Social relationships have been also heavily affected byirtegnet: social networks, such as
Facebook, allow individuals geographically distributed avith different cultural backgrounds
to become friends, participate in online activities and ganjoin discussion fora and even es-
tablish romantic relationships.

FLOSS communities seem to have many characteristics thihntlae way information is
best received by nowadays learners. They provide that $atittaal world in which we of-
ten carry out our social and free-time activities. MorepWrOSS communities are natural
instantiations of commons-based peer-product®anD2 Ben07, the model of economic pro-
duction in which the creative energy of large numbers ofvidldials is remotely coordinated,
usually through the Internet, into large, meaningful pctgemostly without traditional hierar-
chical organisation. Individuals participate in peergarction communities not just because of
extrinsic motivations, such as solve problems, improvanaal knowledge base, increase rep-
utation and peer recognition and pass examinations, bot afel probably mainly, for a wide
range of intrinsic reasons: they feel passionate about plagficular area of expertise and enjoy
self-satisfaction from sharing their knowledge and skiliey revel in creating something new or
better; they have a personal sense of accomplishment amgbetion and a sense of belonging
to a community Muf06, TWO06, CS09.

FLOSS communities are therefore an ideal platform to impleintearner-centred education
in a social and fun manner, as envisaged by the Bagnols wapkslsing the peer-production
model, which has recently been taken as the basis on whichikd hew approaches to ed-
ucation ut0g. Although this approach can be potentially applied to aewel [Fut0g and
field of education [MGS09, this paper focuses on Software Engineering (SE) undeugta
and postgraduate coursdshjp09, SSD06 JB07. Application of FLOSS learning approaches
to Software Engineering education is also a way of impleingnthe suggestion of the joint
IEEE/ACM CS undergraduate curriculum guidelinésg04] that CS curricula should have sig-
nificant real-world basis necessary to enable effectivanieg of software engineering skills and
concepts.

All previous work in analysing learning aspects of FLOSS oamities emphasises the ben-
efits that the exploitation of such aspects may have on thea¢idnal process. In our work we
also aim to identify the benefits that the explicit linkagedfLOSS project to a formal education
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programme, such as a Software Engineering course or pdegfearesearch activity, brings to
the FLOSS community itself and, in the end, to the qualityhef ELOSS product.

In Section2 we consider recent work that explores the link between FL@380aches and
education Fut0g. FLOSS communities are analysedcatiaborative networkandcommunities
of practiceto extrapolate the learning process that facilitates thergemce and evolution of
community members’ knowledgeV[GS09. Challenges in adapting and transferring such a
learning process to an educational setting are discussed.

Section3 considers two research frameworks and corresponding gtiloies conducted to
empirically analyse the use of FLOSS communities for forathlcation in Software Engineer-
ing at undergraduateSpw08 Sta09 SGG SSL0§ and postgraduateJ@07 levels. The two
approaches are discussed with respect to the studentsedegf freedom (Sectio® 3) and top-
ical focus (SectiorB.4). The proposal of a third pilot studyC[S0§ more ambitiously aims to
operate changes into the structure and organisation oflt@SE community to facilitate the use
of innovative methodologies, such as formal methods, irctvkd involve students.

In Section4 we show, with respect to Shaikh and Cerone’s framework fafuating quality
of Open Source Software (0SS 09, that the usage of FLOSS projects as e-Learning tools
has the potential to increase the quality of the FLOSS prioduc

2 TheRoleof Learningin FLOSS Communities

One important attempt to identify a general link between BISCapproaches and educational
agendas is a 2006 repof|t0q that looks at FLOSS as a cultural phenomenon and aims to
extrapolate new approaches to teaching and learning andfittechew models of innovation
and software development in education. Drawing on Berskldrk on commons-based peer-
production Ben07 the report discusses strengths and weaknesses of FLO®&apps which
might apply to educational settings. Then it focuses on tvaysmn which peer-production
FLOSS-like approaches may be used in teaching and learning:

collaborative network that is network that consists of a variety of entities that largely au-
tonomous, geographically distributed and heterogeneoterins of their operating envi-
ronment, culture, social capital and goals, but neverfisetmllaborate to better achieve
common or compatible goals and whose interactions are sigapby computer network
[CAO6];

community of practice that is a group of people who share an interest, a craft, aadioofes-
sion, which can evolve naturally because of the membershtominterest in a particular
domain or area or can be created specifically with the goahifigg knowledge related
to their field [L\W91].

Distributedcollaborative networkgrovide a powerful platform in which, due to the mediation
of digital technology in a virtual environment, the dualigacher-learner fades out, and the two
roles of teacher and learner merge together into the germeof actor within the participatory
culture of the network and its informal learning spacestpg§ MGS09. From the learner's
perspective, this enables the full range of potential ristd reasons mentioned in Sectibro
become actual motivations and to urge learners to playgalda with teachers, their common
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role as actors in the community’s activities. In additioh(’SS communities are characterised
by the freedom with which actors choose projects as well@sdtal control that actors have on
the degrees of their own contribution to the project.

Freedom and equality of participants constitute a “dentmraéasis for analysing FLOSS
communities acommunities of practiceNovices are always welcome by FLOSS communi-
ties, in which they undergo through a gradual process oasategration and skill development
that allows them to earn a reputation as reliable develogedsthen move towards the leading
positions in the communityTuo0g. FLOSS communities are in this sense open patrticipatory
ecosystems\IGS08 MGSO09, in which actors create not only source code but a largeetadf
resources that include the implicit and explicit definisaf learning processes and the establish-
ment and maintenance of communication and support systemnthermore these resources are
made visible and available to other actors. Therefore dpwmaént (source code), support (tools)
and learning (knowledge) emerge as the product of a conigsocialisation process in a virtual
environment. Development of source code is enabled byihgildp knowledge about already
produced code, through direct observation, review, madifio as well as discussion with other
actors, and about support tools, through direct intera@mwell as access to documentation and
discussion with other actors. As suggested by Sowe and Risif@5084the learning process
of individual actors can be divided in four phases througlictviknowledge evolves. We give
our slightly different characterisation of such phaseo#s\s:

socialise by implicitly sharing knowledge
externalise tacit knowledgdoy making it explicit to the community;
combine communityexplicit knowledgend organise it as abstract knowledge;

internalise abstract knowledgby absorbing it and combining it with own knowledge and ex-
periences to produce new tacit knowledge.

The four phases are not fully sequential but overlap in agerheasure, as shown in Figutre
In particular, socialisation, after playing the role totigmie the learning process, is still active
during the other phases for which it is actually the enabiaugor.

If we want to transfer the learning process occurring withirOSS communities to an ed-
ucational setting, we need to better understand the cegragpects of the four phases above
and interpret and implement them in a context driven by etituea goals rather than just by
software development.

Socialisationdoes not require an education-oriented interpretationisupdobably the easi-
est phase to implement in an educational setting. In faciaksing in a virtual environment,
specifically through the Internet, already permeates oily tife and specific mechanisms and
tools used by FLOSS communities, such as discussion fogageareral enough to be used for
educational purposes; moreover, there are already sepeific, and even more sophisticated
(i.e. supporting multi-modal interation) e-learning ®ahd environmentdrpm] that implement
socialisation, such as MoodI®po] and Second Life$eq.

Externalisationnaturally occurs in an implicit way through socialisatiaols such as discus-
sion fora, but needs to be addressed by knowledge-manag¢ootsy such as repositories, to
be effectively implemented in an explicit way. Tools usedrtanage and organise knowledge
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Phase 1
socialise
Phase 2 Phase 3 Phase 4
externalise combine internalise

Figure 1: Learning process of individual actors in FLOSS gamities

within FLOSS communities are often a challenge for the roaind actually require the user to
go through a learning process before using them. Althoughntfay be acceptable in a context
purely driven by software development, in which skill in ckly acquiring familiarity with new
tools may be considered a reasonable pre-requisite to gr@ezrommunity, and may be even
seen as a parameter to naturally select skilled contriute situation is totally different in an
education-driven context. In such a context going througheavy learning process to be able to
use learning tools is definitely unacceptable. Therefodstiag tools have to be made more us-
able while more appropriate tools have to be developed &xt@fely implement externalisation
in an educational setting. Externalisation is also intehatelated to the intrinsic motivations of
the user in joining the community and contributing to it.rimsic motivations, such as

o feel passionate about particular area of expertise,
e enjoy self-satisfaction from sharing knowledge and skills
e have a sense of belonging to a community,

are all strong drivers for externalisation. There are alsoiraber of extrinsic motivations that
contribute to externalisation, which include

e solve particular technical problems/needs by exploitiimguks’ Law: “given enough eye-
balls, all the bugs are shallow” (from Linus Torvalds);

e public visibility to increase reputation and and peer rextgn.
Combinationof knowledge is incremental and consists of two main aaisit

e multiple interactions with knowledge-management toolsal as with other members of
the community to identify and extract relevant bits of egiplknowledge;

e combination and organisation of such bits of explicit kneside to produce meaningful
abstract knowledge.
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The interaction with knowledge-management tools prestémssame challenges as discussed
for the externalisation phase. Organisation of explicibwledge and production of meaning-
ful abstract knowledge are cognitive activities within thmbit of knowledge representation
Several alternative theories have been proposed in cogsychology to explain knowledge
representation within the human mind, but it is beyond thepscof this paper to deals with
such theoretical aspects. From a pragmatic point of view avesay that the way individuals
combine explicit knowledge is affected by the accessyhilitructure and presentation of the
contents of such knowledge and by own personal learninyads. Knowledge-management
tools have therefore to address this issues as well as tdecindividuals to have more control
and responsibility for their learningFR"05].

Internalisationof knowledge is a cognitive activity which is driven by botitrinsic and ex-
trinsic motivations.ntrinsic motivationgor internalisation are:

e revel in creating something new or better;

e have a personal sense of accomplishment and contribution.
Extrinsic motivationdor internalisation are:

e improve technical knowledge base;

e pass examinations;

e develop the solution to a technical problem.

We will discuss in Sectior3.4 how the grading approach utilised by the lecturer affectseh
extrinsic motivations and may create conflicts with intitngotivations, thus leading to a partial
inhibition of internalisation. Internalisation is alsociitated by the efficacy and usability of
code analysis tools such as bug trackers.

We will also discuss in Sectiod.3that limiting the degrees of freedom of students in partic-
ipating in FLOSS projects may produce community memberh lifite extrinsic motivations,
with negative consequences for both the externalisatidrirdarnalisation phases of their learn-
ing process.

3 Frameworksand Pilot Studiesin SE Education

The joint IEEE/ACM CS undergraduate curriculum guidelifie€=04] suggest that CS curricula
should have significant real-world basis necessary to ergffdctive learning of software engi-
neering skills and concepts and should incorporate Capgtanjects. Although many efforts
have been made to involve students in software projectsal bmpanies, most companies are
not willing to sacrify their products to students who are stomined to complete the assigned
work in one semesteAJz05]. In this scenario théazaar of learningffered by FLOSS projects
represents a meaningful alternative learning context pmsx students to real-world software
development activitiesySDO08.

Characteristics and evolution modalities of FLOSS comtnesihave been largely studied
empirically by extracting data from repositories and periimg statistical analysis on such data

Proc. OpenCert 2010 6/17



@ ECEASST

[SII07]. However, learning aspects cannot be easily captured)ukia research methodology
due to the absence of related information inside reposgorin this section, we focus on Soft-
ware Engineering education and survey studies aimed t@exhe use of FLOSS projects as
e-learning tools.

During the last decade the FLOSS development model hasydekahged the way we de-
velop and commercialise software, affecting traditionaftvgare development methodologies
and posing serious challenges to commercial software induStudents are strongly attracted
by this new software development paradigm and enthusgdistipin FLOSS projects. At the
same time software industry is more and more including O3 skd knowledge among their
hiring selection criteriallon0g]. This new scenario, in addition to the fact that FLOSS putsje
are actually Software Engineering practice, has made &oét&ngineering the most appropri-
ate teaching subject to test the educational capabilifiéd ©SS projects and has encouraged
tertiary educators to attempt the inclusion of participatin FLOSS projects as part of the re-
quirements of Software Engineering courses. Several gilaties have been conducted to test
the effectiveness of such an attempt and to assess theiligasiifull-scale studies.

3.1 Undergraduate Education Pilot Study

A pilot study conducted by Sowe and Stamel@&S(08h addressed the open question as to
whether the FLOSS methodology can be used to teach Softwagimdering courses within
a formally structured curriculum. The study was based orlat programme to teach software
testing ESD0§ and aimed to develop and test a research metB&DBH and to develop an
approach to evaluate student participatiS®[L0g. Within a pool of 150 undergraduate students
enrolled in a course of “Introduction to Software Enginegtiat Aristotle University, Greece,
15 joined the programme and 13 of them completed it. The stodgisted of three phases in
which students:

1. received lectures on FLOSS-related topics, browse@giopnd selected one of them;

2. participated in the selected project with the aim to find seport bugs, and possibly fix
them;

3. were evaluated and graded by the lecturers.

The study made use of two surveys in which students showédiberest in continuing their
participation in the project after graduating. Studentenactually forwarding responses from
their projects to the lecturers after the pilot programme waded and student grades published.
This is a clear evidence that FLOSS projects can involveestigdin a long-term participation,
which is in line with the need for life-long learning experaes, typical of a discipline in expo-
nentially rapid evolution as is Software Engineering.

3.2 Postgraduate Education Pilot Study

Jaccheri and @sterlid@07 use an approach for teaching master level students in vehiclents
are given assignments for which they have to
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e survey literature on OSS development and formulate one oe mesearch question(s) that
could be addressed by participating in a project;

e select an OSS project which is appropriate for the assigharahthe formulated research
guestions;

e act as developers in the selected project;
e act as researchers in the selected project by addressifigrthelated research questions.

This approach has been used since 2002 by the Software Enigméroup (SU) Cor of the
Department of Computer and Information Science (IDI) at Mwwegian University of Sci-
ence and Technology (NTNU). Jaccheri and @sterlie repoi ooncrete study based on this
approach, in which one master student was requested tcipaté in a commercially controlled
OSS project, the Netbean open source project, to undersmudirms can benefit from using
OSS p@07. More specifically, the student was asked to determine hHmwise of Software
Engineering techniques, such as explicit planning, ovmgrénspection and testing, affects the
OSS project. Within the scope of the assignment, the onlgtcaimt was to use action research
(AR) [DMKO04] as the methodology for the study. This study raises importansiderations
about the degrees of freedom given to the student. Whileeatadappreciate freedom in as-
signments as a positive learning experience, the authoognise, as a result of the evaluation
of their work by industrial professionals as well as disauss with other researchers, that it
would have been more effective from a research perspectipeovide students with predefined
research questions. In the particular case study that dpyrted research questions were about
the interaction between professionals and volunteers;rédguired the selection of a project in
which commercial actors actively play significant roles. am alternative research framework
the project could have been selected before formulatingethearch questions. In an even more
constraining framewaork the selection of the project covieinebeen made by the lecturer.

3.3 Student’s Degrees of Freedom

The degrees of freedom given to students is an importane igsiboth studies. In the first
study [SS08B undergraduate students joined the programme on a volubtests and had full
freedom in selecting the project; given that the course \pasifically about software testing,
the assignment generically asked to find and report bugspasslibly fix them. In the second
study P@07 postgraduate students had full freedom in formulatingaesh questions, but were
constrained in selecting the project by their own choiceeskarch questions.

One of the main reasons for the success of FLOSS projectdis based on communities of
volunteers who are totally free in choosing the way of ctiting both in terms of tasks and time
commitment. Intrinsic reasons are fundamental in motigpéictive and effective participation in
a FLOSS project. Forcing the injection of actors who partlgmtirely lack intrinsic motivations
but are requested to play an active role in the community évaot produce effective learning
in those actors and may even be detrimental to the whole FL@&8ct community. We have
seen in SectioR that the phases of learning that are heavily dependent onsitt motivations
are externalisation and internalisation. These two phamiisde important cognitive activities
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and their incomplete actuation, as in case of lack of inicinsotivations, severely inhibits the
whole learning process.

It is therefore essential to preserve the volunteer-bappdbach while using participation in
FLOSS projects for educational purposes, as it was doneipitbt study conducted at Aristotle
University. In general, for undergraduate courses, we @euggest not to include participation
in a FLOSS project as a course requirement unless the caiesgdry focussed elective. For
postgraduate students, participation in a FLOSS projegt mezeither related to a course or to
a final thesis or project work. In general, it is expected phatgraduate students have more
focussed interests and a higher degree of maturity tharrgradiiate students. In this perspec-
tive, a postgraduate student who has chosen an electiveecouia thesis topic which requires
participation in a FLOSS project is supposed to have suffidi@rinsic motivations to succeed
in the task.

The issue of the project selection is a very subtle one. |h pdot studies described above
the project selection is left to the student, although soereral selection criteria are provided.
However, in the pilot study conducted at the Norwegian Ursig of Science and Technology
the selection of the project strongly depends on the releguwestions previously formulated
by the student. The fact that the student has chosen a speséarch question does not ex-
clude that such research question may rule out all projectghich the student is likely to be
enthusiastically interested. In this sense a researchefsamnk in which the project is selected
before formulating the research questions is more sensiblgeneral, in designing the study
research framework it is essential to ensure that there @arequirements for the student that
may explicitly or implicitly reduce the student’s degredé$reedom in choosing the project.

3.4 Student’s Topical Focus

In the two pilot studies described in Sectiohd and 3.2 the student’s topical focus in partici-
pating in the project was dictated by the assignment. In tlo¢ gtudy conducted at Aristotle
University the student had to find and report bugs, and plysBibthem. The grading system
included marks for email exchange with the lecturer coriogrthe project, proper use of bug
tracking system or bug database and testing activity meddoy the number of bugs found,
reported and fixed, and by the number of replies to the repdtis restricted focus has proba-
bly worked as an extrinsic motivation that prevented sttgl&éom contributing to the project in
terms of software development, for which there was no maskaAesult students probably felt
that the effort needed to fix bug was not sufficiently rewariheigrms of marks. This hypothe-
sis is confirmed by one outcome of the study: although stgdestformed well in finding and
reporting bugs, they did not well in fixing bugS$L04.

It is inevitable that the grading and evaluation approacbngty affects student’s extrinsic
motivations: the more transparent and explicit the gradipgroach the stronger the effect on
extrinsic motivations. A grading approach that has a steffert on extrinsic motivations does
not allow students to achieve a complete involvement in togept and often causes a conflict
with intrinsic motivations, which are an essential drivetHLOSS project. Such a conflict may
result in an incomplete actuation of the internalisatioag#hof the learning process, which de-
pends on both intrinsic and extrinsic motivations, and nmdnhit potential learning capabilities
of the student.
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However, avoiding such a strong effect is not easy in a foedaktation context. Quantifying
the evaluation of the participation in the project as a whuiiln no further details would not
be a feasible solution. Such a solution would be clearlyregjaisual university policies that
require lecturers to make the grading approach public bytifyang each contribution in terms
of percentage of the final grade. Moreover, limiting the infation about the assessment proce-
dure that is provided to students would be inherently urgfiad might promote suspicion among
students. And in the end, this would actually reduce extrinstivations of students. Possible
solutions to the problem could be that lecturers

e evaluate the participation in the project indirectly byesssng a written report and publish
details of the grading of such report;

e discuss beforehand the grading approach with the studadtagree on the details with
them;

e provide alternative assessment and/or grading approachesg which the students may
choose;

e develop an appropriate peer assessment approach.

These proposed solutions are neither exhaustive nor nhutsallusive.

In the pilot study conducted at the Norwegian University ofeBce and Technology, which
involved postgraduate students, the student’s task wasmigtto actively participate in the
project, but also to use such participation to address relsepiestions previously formulated.
This is an interesting attempt to involve learners in stngyand possibly improving the FLOSS
development process, that is, studying and possibly inipgahe learning tool (i.e. the FLOSS
project) they are using. In the Norwegian study the studefotus was on management and
organisational aspects of Software Engineering.

There are other aspects of Software Engineering in whiatlestis, especially postgraduate
students, may contribute, through their participation FL&SS project, to provide new insight
in relation to the FLOSS approach. One of these aspeqtsaiity assuranceThe lack of central
management in FLOSS projects makes it difficult to define radstad that could suggest indica-
tors of the technical rigour used by a distributed commuwiityolunteers and identify the human
processes involved in the projedtlic05, MHPO05. Without precise indicators of this sort we
cannot produce an effective quality assurance methoddlogjne released software. Zhao and
Elbaum EZEOQ conducted a survey to examine the factors underlying twadisurance methods
used within FLOSS communities and found out that their garagtitude and practices towards
quality and realising quality assurance practices are atraedifferent to those prevalent in tra-
ditional software development. This situation opens a fateearch questions which could be
addressed in studies conducted by postgraduate studeotsgththeir involvement in FLOSS
projects. In Sectiod we will further discuss the impact that such involvementlddave on the
quality of FLOSS products.

Postgraduate students are often exposed during their &itdgovative software design and
analysis technologies that enjoy little appreciation ioletthe academic world, either because
such technologies are not mature enough to be applied ttigadaprojects or because, in an
industrial perspective, their cost prevail on the actualdfi¢ they bring. Formal methods are
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one of such innovative technologies. Postgraduate stsdewntid bring new insights in FLOSS
communities through the application of new specificatiod aerification technologies such as
formal modelling, model-checking and theorem-provingisMwould require students to reverse
engineer FLOSS code into a formal model and apply formalriecies to analyse the model.
Unfortunately most FLOSS developers are unlikely to be liamivith formal methods and prob-
ably view them with a similar reluctance as does the indaistvorld. Feeding results of formal
analysis back to the FLOSS project would be therefore a bidjerige for the students. Here
a soft approach would be needed: outcomes of formal analisisld be mapped back to code
and test cases before been presented to the community.sTouttgose, formal modelling tech-
niques that provide counterexamples when a required systeperty is proven not to hold, such
as model-checking, are the most appropriate. Besides thammwroach, it would be important
to include in bug reports some information about the forrealiits that led to the bug identifi-
cation. In this way, students would play the role of educatortheir interaction with FLOSS
developers, so fostering a gradual acceptance of new tkgies by the FLOSS communities.

An alternative approach to promote the use of formal methotise FLOSS community is a
pilot project proposed by Cerone and ShaiklisPg as an attempt to explicitly introduce formal
methods in the FLOSS development process. The most diffasktin this attempt is to preserve
the intrinsic freedom that characterises contributiongheyolunteers who join FLOSS projects.
In fact, it would not be acceptable, and neither would it beepted by the FLOSS community, to
explicitly enforce the use of a specific formal modellingnfiewvork to be adopted by all project
participants. In order to support open participation armhsequently, bottom-up organisation
and parallel development, the project should therefon@dhice and present formal methods
only as a possible but not mandatory option available to dméributors. This approach would
require an additional effort by the project leader team iilifating the integration of those
contributions that do not make any use of formal methods tihtonew development model.
An important role would be played here, once again, by pesigate students called to reverse
engineer code, produced by other actors in a traditional$F&@ay, into changes and extensions
to the formal model.

4 Impact on the Quality of FLOSS Products

We have seen in Sectidh that students can successfully use FLOSS projects as aeihgar
tools and gain effective learning of software engineerikijssand concepts from participating
in FLOSS project. We have also seen that students, and iicydart postgraduate students,
can produce important contributions to the evolution of Fh®©SS development model. In this
section we investigate how such contribution can actualelhimpact on the quality of FLOSS
products.

Shaikh and Cerones[C09 have identified some factors that are unique to the FLOS8ldev
opment process and influence the entire software develdppnecess and, consequently, the
quality of the final software product. In their work, ShaikhdaCerone also define an initial
framework in which such factors can be related to each othért@the quality. In particular,
they distinguish three main notions of quality in the cohtefi~LOSS development

quality by access which aims to measure the degrees of availability, acciisgiand readabil-

11/17 Volume 33 (2010)



FLOSS Project as E-learning Tools @

ity of source code in relation to the media and tools used rectdy access source code
and all supporting materials such as the documentatioreweeports, testing outcomes,
as well as the format and structural organisation of bothcgocode and supporting mate-
rials.

quality by development which aims to measure the efficiency of all development amdnoo-
nication processes involved in the production, evolutiod eelease of source code, its
execution, testing and review, as well as bug reporting admaif

quality by design which corresponds to the traditional notion of softwarelig@wpl EE99, Pre0qQ:
the end quality is judged by the design and implementatiadh@fictual software and the
code that underlies it.

Quality by accessvould greatly benefit from the use of formal methodologiespbgtgrad-
uate students participating in the project. The reversénergng of FLOSS code into formal
models improves understanding the system architecturdhenstructure of code and leads to
the production of better documentation. A by-product ofrheerse engineering process is also
the identification of inconsistencies and redundanciekércbde and, as a consequence, its im-
provement with an increase in readability. Formal verifawatechniques produce results that
are more general and understandable than the ones obtaingdnaditional testing techniques.
Moreover, these results can be tracked back to the modditeftieg the fixing of bugs.

We have seen in Sectidhthat availability and usability of knowledge-managemertld is
essential to enable the externalisation phase of the teppriocess. The development of new
tools and the improvement of usability in existing toolstwihe aim to address the learning
process in FLOSS communities is therefore likely to inceegsality by access.

Quality by developmeris an attempt to measure the efficiency of all processes gitain
produce and review code and the interaction between theaiktsand CeronejC09 identifies
five factors on which this notion of quality depends:

precise and explicit understanding of software goals aqdirements;

choice of methodologies for testing, debugging and errdrlarg reporting;

choice of programming languages and development envirotene

tools to provide effective communication, coordinatiordaverall management of the
project;

facilitation of rapid frequency of beta releases.

We observe that the usage of FLOSS projects as e-Learniighas the potential to affect these
factors in a way that increases quality by development.t Riesobserve that an additional ef-
fect of reverse engineering FLOSS code into formal modetsasxplicit definition of software

requirements. Second, we believe that if methodologiesgramming languages and tools are
chosen having in mind not only their usage in software deraknt but also their educational
values, then there is a positive impact on the entire praj@etmunity and, as a result, an addi-
tional benefit for the development process. Third, the feaquinjection of students with short
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deadlines to complete their assignments may facilitatel fapquency of beta releases. Finally,
empirical studies such the one presented in Se&@idoan produce a better insight in how these
factors interact with each other and affect each other igkbleal context of the project manage-
ment and organisation.

Quiality by designthe traditional notation of quality, can be seen in the FB@®ntext as a
specific measure of

e the use of recognised software design notations, formailioos and analysis techniques
to provide correctness with respect to explicitly desirafbty, security and non-functional
properties, and

e the production and frequent update of appropriate and @xgibcumentation that helps
both the users and future developers.

We have seen in Sectigh3that student participation can bring innovative softwagsign and
analysis technologies, such as formal methods, into FLO88qts, thus increasing the com-
munity knowledge and, on the long term, increasing the d@aoep of these technologies within
FLOSS communities. Moreover, pilot projects aiming to @ifly incorporate these technolo-
gies in the FLOSS development proce€$pg could show whether or not there is an effective
increase in quality by design. As for documentation, itkelly that student participation would
increase its production, since written reports to docuroede production and performed analy-
sis are a common form of assignment.

Finally, as we have anticipated in Secti®r, postgraduate students may contribute, through
research-driven participation in a FLOSS project, to idgguality indicators and define quality
metrics appropriate for the FLOSS development model.

5 Conclusion and Future Work

In this paper we have considered recent work that exploeeBrtk between FLOSS approaches
and education and described the dynamics of the learningegsahat facilitates the emergence
and evolution of community members’ knowledge. We have twrsidered two pilot studies
conducted to empirically analyse the use of FLOSS comnasftir formal education in Soft-
ware Engineering, discussed choices made in designingetearch frameworks for the two
studies and proposed suggestions to improve the framewmbetter match the student’s learn-
ing process. Finally, we have shown that the use of FLOSS®@®js e-Learning tools has a
potential to increase the quality of the software product.

This research has been conducted as a preliminary anabygsds the objective of building
a worldwide university network, coordinated by the UnitedtiNns University (UNU), to im-
plement the use of FLOSS projects as e-Learning tools inn&odt Engineering postgraduate
education. A first step in our future work is to design a frarouywhich incorporates the rec-
ommendations we presented in Sect&ror geographically distributed pilot studies in which
students

e are totally free in the choice of the FLOSS project;
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are evaluated using a grading approach that is not likelygaken their intrinsic motiva-
tions and that possibly strengthen their extrinsic moiives;

e are requested to participate in the project they have chogeare totally free in choosing
the form of participation;

e may have various levels of time commitment, which corregptndistinct numbers of
credits;

e may choose, on a volunteer basis, a focus for their partioipan the project among dif-
ferent topical areas such as code development, revieimdestverse engineering, formal
analysis;

e may choose, on a volunteer basis, a research topic congetimninvestigation of the
FLOSS phenomenon, which may include learning, project g@ma&nt, communication,
social aspects, software quality, etc.

A second step is the creation pifot projectsin line with Cerone and Shaikh propos&l$09,
with academics and former students who have taken part ipitbestudies of the first step,
being part of the leader team.

The final objective is to build @ostgraduate e-Learning programnire OSS approaches to
Software Engineering as part of the new UNU postgraduatgranomes, and utilise some of the
most successful pilot projects as e-learning tools withichsa programme.
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