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Abstract

An important research topic in Computer Supported Collaborative r@p(CSCL) is to explore the importance of efficient man-
agement of event information generated from group activity in colitha learning practices for its further use in extracting and
providing knowledge on interaction behavior. This view is especially retewvathe current shifting from a traditional educational
paradigm (centered in the figure of a masterful instructor) to an emieegeicational paradigm which considers students as active anc
central actors in their learning process. In this new scenario, studants Veth the help of instructors, technology and other students,

what they will potentially need in order to develop their future academicafepsional activities.

The essential issue here is first how to design a CSCL platform that azseldor real, long-term, complex collaborative problem-
solving situations and which enables the instructor to both analyze grouadtiter effectively and provide an adequate support when
needed. Secondly, how to extract relevant knowledge from coll&iboria order to provide learners with efficient awareness and feed-
back as regards individual and group performance and asseisshine achievement of these tasks involve the design of a conceptua
framework of collaborative learning interaction that structures andifiles the information generated in a collaborative application
at several levels of description. Computational models are then to rehiizeonceptual approach for an efficient management of
the knowledge produced by the individual and group activity as well@pdissibility of exploiting this knowledge further as a meta-

cognitive tool for real-time coaching and regulating the collaborativenlegrprocess.

In addition, CSCL needs have been evolving over the last years aoglyrdvith more and more demanding pedagogical and
technological requirements. On-line collaborative learning envirotsmanlonger depend on homogeneous groups, static content anc
resources, and single pedagogies, but high customization and flexibdiayraust in this context. As a result, current educational orga-
nizations’ needs involve extending and moving to highly customized leaemddeaching forms in timely fashion, each incorporating
its own pedagogical approach, each targeting a specific learning gobgazh incorporating its specific resources. Organizations’
demands also include cost-effective integration of legacy and sepaearming systems, from different institutions, departments and
courses, which are implemented in different languages, supportéeétbyogeneous platforms and distributed everywhere, to name

some of them.

These entire issues certainly represent a great challenge for taneéruture research in this field. Therefore, further efforts
need to be made that help developers, technologists and pedagogistsnowehe demanding requirements currently found in the
CSCL domain as well as provide modern educational organizations githfliaxible and effective solutions for the enhancement and

improvement of the collaborative learning performance and outcontes thesis proposes a first step toward these goals.



Main thesis’ contributions

The main contribution in this thesis is the exploration of the importance of asiegffimanagement of information generated from
group activity in CSCL practices for its further use in extracting and pioginowledge on interaction behavior. To this end, the first
step is to investigate a conceptual model for data analysis and managenasto identify the many kinds of indicators that describe
collaboration and learning and classify them into high-level potential caesgof effective collaboration. Indeed, there are more
evident key discourse elements and aspects than those shown by theréterdich play an important role both for promoting student
participation and enhancing group and individual performance, asictine impact and effectiveness of students’ contributions, among
others, that are explored in this work. By making these elements explicidjghassion model proposed accomplishes high students’
participation rates and contribution quality in a more natural and effecte Whis approach goes beyond a mere interaction analysis
of asynchronous discussion in the sense that it builds a multi-functicodeithat fosters knowledge sharing and construction, develops
a strong sense of community among students, provides tutors with afpbteet for students’ monitoring, discussion regulation, while

it allows for peer facilitation through self, peer and group awarenegassessment.

The results of the research described so far motivates the develbpmarcomputational system as the translation from the
conceptual model into a computer system that implements the manageféet information and knowledge acquired from the
group activity, so as to be efficiently fed back to the collaboration. Théeement of a generic, robust, flexible, interoperable,
reusable computational model that meets the fundamental functioeds$ 1sbared by any collaborative learning experience is largely
investigated in this thesis. The systematic reuse of this computational meaeitp a fast adaptation to new learning and teaching
requirements, such as learning by discussion, by relying on the masteetl software engineering processes and methodologies fromn
the field of software reuse, and thus important benefits are expectadis @ productivity, quality, and cost.

Therefore, another important contribution is to explore and extend sualftware reuse techniques, such as Generic Program-
ming, so as to allow the computational model to be successfully particudairizas many as situations as possible without losing
efficiency in the process. In particular, based on domain analysisitesE®, a high-level computational description and formalization
of the CSCL domain are identified and modeled. Then, different spgtitéorm developments that realize the conceptual description
are provided. Itis also explored a certain level of automation by mdatds/anced techniques based on Service-Oriented Architectures
and Web-services while passing from the conceptual specification te#ied realization, which greatly facilitates the development
of CSCL applications using this computational model.

Based on the outcomes of these investigations, this thesis contributes wiplutadional collaborative learning systems, which
are capable of managing both qualitative and quantitative information ansfoérming it into useful knowledge for all the implicated
parties in an efficient and clear way. This is achieved by both the spessfesament of each contribution by the tutor who supervises
the discussion and by rich statistical information about student’s participalibis statistical data is automatically provided by the
system; for instance, statistical data sheds light on the students’ engaigenthe discussion forum or how much interest drew the
student’s intervention in the form of participation impact, level of passipitgactivity, reactivity, and so on. The aim is to provide
both a deeper understanding of the actual discussion process and abjective assessment of individual and group activity.

This information is then processed and analyzed by means of a multévatéistical model in order to extract useful knowledge
about the collaboration. The knowledge acquired is communicated battie tmembers of the learning group and their tutor in
appropriate formats, thus providing valuable awareness and fdedbgoup interaction and performance as well as may help identify

and assess the real skills and intentions of participants. The most impoeteefit expected from the conceptual model for interaction



data analysis and management is a great improvement and enhahoéthe learning and teaching collaborative experiences.
Finally, the possibilities of using distributed and Grid technology to suppaltG8CL environments are also extensively explored
in this thesis. The results of this investigation lead to conclude that the feaiunaded by these technologies form an ideal context
for supporting and meeting demanding requirements of collaborativeitegapplications. This approach is taken one step further
for enhancing the possibilities of the computational model in the CSCL doaranit is successfully adopted on an empirical and
application basis. From the results achieved, it is proved the feasibilitytoibdited technologies to considerably enhance and improve
the collaborative learning experience. In particular, the use of Gridpoting is successfully applied for the specific purpose of

increasing the efficiency of processing a large amount of informatam §roup activity log files.
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Introduction 1

Introduction

Computer-Supported Collaborative Learning (CSCL) is oh¢éhe most influencing research paradigms dedicated to
improve teaching and learning with the help of modern infation and communication technology (Koschmann, 1996;
Dillenburg, 1999a; Dimitriadis, et al., 2002; Stahl, 200Cpllaborative or group learning refers to instruction&thods
where students are encouraged to work together on learaghg.t As an example, project-based collaborative learning
proves to be a very successful method to that end (Zumbaeh,, &003). As such, CSCL applications aim to create
virtual collaborative learning environments where studeand tutors are able to cooperate with each other in order tc

accomplish a common learning goal.

One key issue when developing CSCL applications is intenactata analysis, a core function for the support of
coaching and evaluation in CSCL environments. It reliesrdarimation captured from the actions performed by par-
ticipants during the collaborative process (Dillenbur§9db; Martnez, et al., 2003). The efficient embedding of this
information and of the extracted knowledge into CSCL aggians sets the basis for enhancing monitoring (Daradoumis
et al., 2004) awareness (Gutwin et al., 1995) and feedbaaklfack et al., 2005) to achieve a successful learning psoces
in collaborative environments.

This issue is especially relevant in the context of the BodBrocess (Kulesza and Reinalda, 2006) and the curren
shifting from a traditional educational paradigm (centeoa the figure of a masterful instructor) to an emergent edu-
cational paradigm which considers students as active ammat@ctors in their learning process. In this new paradigm
students learn, with the help of instructors, technology ather students, what they will potentially need in order to
develop their future academic or professional activitiBlse instructor’s role is, therefore, moving from one redste a
knowledge transmission agent to another related to a digteigent who designs the course, guides, assists andisgeer
the student’s learning process (Simonson et al., 2003).

These new educational views are strongly related to welliimented pedagogical theories, such as constuctivisir
(Jonassen, 1994). Constructivism’s central idea is thatamlearning is constructed rather than received, thahéear
build new knowledge upon the foundation of previous leagnifhis view of learning sharply contrasts with the traditib
one in which learning is a passive and individual transroissif information from the instructor to learner.

In the context of these new principles and theories, theigiav of relevant and selected knowledge about collabora-

tion becomes essential in support for the instructors’ nooinig tasks as well as in enhancing fundamental aspeckeof t



learning process, such as problem-solving abilities bymae&supporting peer- and self-evaluation and allowinglees
to be aware of the progress of their peers and of their own.

On the other hand, over the last years, e-Learning and incpknt CSCL needs have been evolving accordingly
with more and more demanding pedagogical and technologgcaiirements. Current educational organizations’ needs
involve extending and moving to highly customized learrangl teaching forms in timely fashion, each incorporatieg it
own pedagogical approach, each targeting a specific lgpgual, and each incorporating its specific resources. More-
over, organizations’ demands include a cost-effectivegrdtion of legacy and separated learning systems, frdierelift
institutions, departments and courses, which are implésdein different languages, supported by heterogeneots pla
forms and distributed everywhere, to name some of them gkteynd Lockemann, 2006).

As aresult, modern CSCL environments no longer depend ommgengous groups, static content and resources, anc
single pedagogies, but high customization and flexibiliy @ must in this context, meaning that collaborative le®yni
practices need to be continuously adapted, adjusted, asdradized to each specific target learning group. These ver
demanding needs of the CSCL domain represent a great ofpalfenthe research community to satisfy.

This thesis proposes a innovative multi-fold approach enftrm of a computational model for knowledge-centered
distributed learning with the aim of meeting the current dedhanding needs found in the CSCL domain. To this end,
the main contributions are (i) a complete framework for ahasstive and efficient management and analysis of the
interaction data generated during CSCL practices, (ii) draaced reuse-based software engineering methodology fol
developing CSCL applications in an effective and timehhfaa (iii) the leveraging of distributed and Grid infrastture
to greatly enhance the effectiveness of the learning pspeasl (iv) an analytical multi-evaluation process of tHects
of the previous approaches on the on-line group discussioardics and learning process in general found in the real
context of the Open University of Catalonia.

The merge of these synergies represents an attractive batlghorious challenge that will yield CSCL systems
capable of providing more effective answers on how to impranvd enhance the on-line collaborative learning expegienc
as well as to achieve a more effective collaboration (Mckgra®91; MacDonald, 2003; Sfard, 1998; Soller, 2001; Webb,
1992).

Knowledge-centered CSCL

One key issue when designing CSCL applications is the ictieradata analysis, which is a core function for the support
of coaching and evaluation in CSCL environments (McGra®®11 Webb, 1992). It relies on information captured from
the actions performed by participants during the collatdeggorocess (Dillenbourg, 1999a; Maréz, de la Fuente and
Dimitriadis, 2003). Indeed, on-line collaborative learginvolves a high degree of user-user and user-systenadatien
and hence generate a huge amount of event information. fitbigration is an important data source for supporting group

activity with relevant information as well as for underddarg, explaining and predicting patterns of group behasiwt
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thus it needs to be easily collected, represented and atitathaprocessed by computational models in order to extra

essential knowledge about the collaborative process.

The provision of effective knowledge extracted from themifation collected in CSCL environments is essential for
any form of cooperation, namely coordination, communaatnd collaboration (Ellis et al., 1991). It allows impfici
coordination of collaborative learning, opportunities iiaformal, spontaneous communication in both synchroraous
asynchronous modes. Users should be aware of the currarityaictthe group (the contribution of other members, their
location and availability, the users working on a sharedidwent at the same time and so on) and should know what othe!
co-participants are doing in real time (e.g. during a mudter editor session, who is editing and what is being sholan).
an asynchronous context, users must know the activitidsnpeed by receiving deferred information of who, when, how
and where others’ interactions have been performed, andhddg these interactions have been performed, which implies

receiving complex knowledge of the interaction history.

As a result, participants in a collaborative learning eigreze may greatly enhance their abilities by increasing the
knowledge about others in terms of cognitive processes kitid sf the students and the group as a whole in solving
problems, individual and group effectiveness regardintjgpation and interaction behavior, social support aalpand
so on (Dillenbourg, 1999; Daradoumis et al., 2005). Frors Wew, the success of CSCL applications depends to a grea
extent on the capability of such applications to embed métiron and knowledge of group activity and use it to achieve
a more effective group monitoring (Daradoumis et al., 2Q86)vell as constantly provide group members with as much
awareness and feedback as possible. Awareness (Gutwik,&Bih Greenberg, 1995) refers to the knowledge provided
to participants about both what other participants are gl@inthe same time and what they did in the past, whereas
feedback (Zumbach et al., 2003) goes one step further thareaess by providing exhaustive and elaborated informatio
and knowledge of what is going on in the group over a long pkoibtime. Furthermore, the persistent storage of the
knowledge extracted as group memory (Conklin, 1992) isresddor both students and tutors since it allows partiniga
to access not only the latest documents and data, which aremooly stored for later retrieval, but also the context in
which they were created. Group memory also allows tutonsattktthe collaborative learning process for several plepos

such as scaffolding and assessment of the learning outcome.

Therefore, the efficient embedding of this information afdhe knowledge extracted into the group activity sets
the basis for enhancing monitoring, awareness and feedilamkit what is happening during collaboration. Indeed, it
is essential for group members to be aware of others’ padticin in the collaborative process as this may enhance
the collaboration a great deal in terms of decision-makgrgup organization, social engagement, support, and so on
Moreover, providing appropriate feedback about the collative activities may impact positively on the motivation
emotional state, and groups’ well-being in on-line collaiive learning (Cabadl et al., 2005b) by means of a steady
tracking of parameters related to group functioning, tasfggmance and scaffolding (Daradoumis et al., 2005) and by
giving a constant feedback of these parameters to the ghip.that in this context information refers to quantitatand

gualitative data generated by the learning group whereaslkdge refers to the result of the treatment of this infdioma



in terms of analysis techniques and interpretations thihbeipresented to the same group that generated it.

Given that the large amount of information generated dudndine group activity may require much time to be
processed, an effective way of collecting, analyzing ares@nt this information is required. To this end, a succéssfu
CSCL system needs to distinguish and account for explisileral stages of information management that overcomes
important barriers (Cabdlet al., 2007f), such as (i) how to process the large amountamation collected during group
activity efficiently in order to facilitate its later anaigsand make the extracted knowledge available to the paaiits
even in real time, and (ii) how information should be anatiyaad what kind of knowledge should be extracted to be
presented to the participants in order to provide the besgiple support and monitoring of their learning and instamal
processes.

Achieving a clear and well-structured conceptual modelgraatly facilitate the design of a computational model that
implements the process of embedding information and krdydénto CSCL applications (Cabalét al., 2006). Indeed,
the structuring and classification of the event informatfitio high-level collaborative processes as well as thetitien
cation of potential mid- and low-level indicators that mae&sand evaluate each process, can contribute and faiiitat
building of a portable, general collaborative learningobmgy for the representation, learning and inference ofladge
about each collaborative process (Daradoumis et al., 20D allows the design of effective computational systems
that reflect as accurately as possible task performancijdodl and group behavior, interaction dynamics, menibers

relationships and group support (Cabadt al., 2007e).

Engineering CSCL systems by reusability

A generic, robust, flexible, interoperable, reusable camimnal model that meets the fundamental functional needs
shared by any collaborative learning experience is largebected by the research community and industry (Calaaidl
Xhafa, 2003). Indeed, CSCL applications are extensivedy Uy all forms of higher education and especially in on-line
distance education where open universities have a centeshnd use CSCL tools massively in all their formation cgcle
Due to this extensive use, CSCL becomes very attractivediorain software developers who have recently provided a
number of architecture solutions (Pahl, 2007; CahaD08d, Cabadl, 2007¢) with the aim of reusing the large number of
common requirements shared by CSCL applications. Commextsnia CSCL include support for three essential aspects
of collaboration, namely coordination, collaboration @echmunication; with communication being the base for rearh
coordination and collaboration (Cakikt al., 2004) in synchronous (i.e., cooperation at the sam& or asynchronous
(i.e., cooperation at different times) collaboration m&adé& addition, the representation and analysis of groupict
interaction forms one of the paradigmatic principles of @®&CL domain (Dillenbourg, 1999a) and should form part of
the very rationale of all CSCL applications (Miaugz, de la Fuente and Dimitriadis, 2003). Finally, in orgleimprove
collaboration in a group it is essential to provide measarebrules to resolve authentication and authorizatioreisand

so protect the system from intentional or accidental ill asevell as to perform all the system control and maintenance



Introduction 5

for the correct administration of the system.

Generic platforms, frameworks and components are norng@leloped for the construction of complex software
systems through software reuse techniques, such as G&megramming, Domain-based Analysis, Feature Modeling,
Service-Oriented Architecture, and so on (Czarnecki arsgrieicker, 2000; Bacelo, 2002; Cabadind Xhafa, 2003;
Gomaa, 2005; Ateyeh and Lockemann, 2006). Indeed, in theexoaof generic architectures and platforms, software
reuse is by far one of the main concerns in the software inglasid it is increasingly recognized its strategic impoc&an
in terms of productivity, quality and cost (Czarneki, 2008pwever, despite the advance in software reuse, reuseitapa
is still in an incipient status, mainly due to the short in pe®f the reuse techniques such as classes, component:
and frameworks, also so-called "reuse in the small”. Therdherefore, a need for increasing the level of reuse by
extending the scope and, as a consequence, the impact ooftivare development, also so called "reuse in the large”
(Ateyeh and Lockemann, 2006). This is chiefly fulfilled byrexting the commonality and variability features of system
given a specific, wide domain and then reusing them for thstecoction of single systems in the same domain (Gomaa,
2005). Thus, neither longer is necessary to "reinvent theelmor to develop a new system from scratch. This way,
organizations can consolidate and adapt their existingskéyvare assets to meet the ever changing requirements an
needs. These approaches have been successfully appliéieiterd domains thus providing cost-effective intercyge
applications of increased quality in timely fashion. Thpidachange and evolution of requirements in the CSCL domain
raises new challenges to software developers, who in turmmadds more powerful reuse-based software techniques tha
provide more flexible, adaptable, modular, and maintamabftware.

Therefore, leveraging the latest software reuse pringj@l@eneric service-oriented component-based compuhtio
model in the collaborative learning context is intendedaonf the very rationale of complex CSCL environments in a
wide range of learning situations and pedagogical goalbd(&et al., 2007€). As a result, domain developers can derive
specific CSCL applications by systematically adapting aifldring this reusable computational model for the cortstru
tion of effective, affordable and timely newly CSCL toolshish are modular, flexible, interoperable and maintainable
and a fast adaptation of existing applications to newlyrlggy and teaching requirements (Cabadt al., 2004; Ateyeh

and Lockemann, 2006).

Distributed and Grid infrastructure for CSCL

In addition to the fundamental needs found in the CSCL dopmawmdern, complex on-line collaborative learning envi-
ronments must provide both advanced enablement for dis#dbcollaborative activities and the necessary funclites

and resources to all participants regardless the locafiboth participants and resources. The aim is to enable the co
laborative learning experience in open, dynamic, largdesand heterogeneous environments (Pankatrius and Vossel
2003). To help achieve this aim, Grid computing (Foster ardd¢Iman, 1998) has emerged as a way of capturing the

vision of a networked computing system that provides braamkss not only to massive information resources, but to



massive computational resources as well (Xhafa et al., 200 concept of computational Grid has its origins in wide-
area distributed computing, and extends to a large-scabablé, secure, coordinated resource sharing among dgnami

collections of individuals, institutions, and resources.

Therefore, a computational model for CSCL may greatly enbats possibilities by taking advantage of the inherent
performance potential of distributed technologies, sugBad and peer-to-peer (P2P) (Amoretti et al., 2005). Farrth
more, a set of interesting non-functional features may loeiged by these distributed technologies, which represent
an ideal context for supporting and producing major ben&itsCSCL applications. Such important features include
(Pankatrius and Vossen, 2003, Cabadt al., 2004): enable and scale the involvement of an istrgdarge number
of single/group participants (teachers, students, tidoreng others) who can be widely separated by geographyrand/o
time, possibly situated at very different locations, arahsparently share a huge variety of both software and haedwa
resources, even in real time. The combination of distrihiéehnologies with service-oriented architectures (S&IA)
lows developers to cope with essential issues in CSCL, ssight@gration, interoperability reliability, and flexitij so
as to meet the needs of different, heterogeneous and legatprments (GuiLing et al., 2005). To this end, a compu-
tational platform for developing CSCL applications is taxsimler the non-functional requirements found in this domai
in a transparent manner by leveraging the latest softwarelal@ment methodologies, and especially the servicaxtaik
approach. The ultimate goal of CSCL computational platiigrto serve as mediators between the application layer anc

the infrastructure layer making CSCL tools independemnftbe type and evolution of the underlying infrastructure.

Further demanding non-functional requirements found il€C$clude the provision of effective information and
knowledge about what is occurring in the group activity. sTimplies receiving knowledge simultaneously both syn-
chronously and asynchronously since the current and kigtteraction data shown are continuously updated. However
CSCL applications are characterized by a high degree ofussarinteraction and hence generate a huge amount of in-
formation usually maintained in the form of event type imfation. In addition, users are continuously interactinthwi
the system (creating documents, reading others’ contoibsitetc.) thus generating a lot of events, which, oncesctad,
they must be classified, processed, structured and analzdle et al., 2005). In order to capture the interaction cor-
rectly, this event information should be classified intdetignt categories such as work sessions, messages, woekspa
documents and many other objects and thus may generatesiaegef information, especially in real online collabovati
learning that comprise complex learning activities to beied out during a rather long period of time and involve a
considerable number of participants. This information rakp include a great variety of types and formats and hence

tends to be large in size (Cakikt al., 2005).

Therefore, the supply of efficient and transparent knowdeidgusers in this context is a significant challenge. More-
over, the need to make the analyzed information availahieahtime entails that processing requirements may not the me
with a single computer. Indeed, the lack of sufficient corafiahal resources is the main obstacle for processing large
amounts of data log files in real time. In real situations grzcessing tends to be done later, after the completioneof th

learning activity, thus having less impact on it (Xhafa et 2004). Recently, Grid technology is also increasinglynge
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used in this context to reduce the overall, censored timedngssing data by taking advantage of its large computing
support. Thus, in this thesis, a Grid approach is used tothte time processing requirements in order to make the
processed information available to the group members irffaie@t manner, to compute statistical results and to prese
the results to the group members and tutors, who are in €iffdocations, as a means of facilitating the group activity
decision making, task accomplishment, and assessmerg pfolgress of the group etc.

Furthermore, Grid technology provides a set of interesti@gures which represent an ideal context for supporting
and producing major benefits for CSCL applications (Foster esselman, 1998; Amin et al., 2002). Such important
features include: large scale of Grid infrastructures engdographical distribution of resources, multiple adstiations
from different organizations, transparent and dependabttess as well as the capability of granting access to sharec
heterogeneous resources in very dynamic environmentg{Bwenzo et al., 2007). Considering the benefits provided b
Grid it is possible for educational organizations to make ofstrue collaborative learning environments that endide t
involvement of large number of single/group participatea¢hers, students, tutors among others) who can potgntial
belong to many different organizations, possibly situateery different locations, and transparently share a kagety
of both software and hardware resources while enhancinghttothuman interaction (synchronously or asynchrorusl
through a friendly complex user interface.

To sum up, leveraging the inherent performance potentidistfibuted and Grid infrastructure for CSCL applications
makes it possible to greatly enhance the collaboration é@twusers in terms of both participant scalability (adding
as many participants/groups as necessary) and resouritabditg (replicating and executing them in multiple Grid
nodes) enabling collaboration as the most important lagrmiethod. In addition, distributed infrastructure mayphel
overcome important barriers in the form of certain non-fioral requirements, such as fault-tolerance, perforraaaicd
interoperability, which are especially frustrating whaey are not fulfilled appropriately during the collaboratigarning
activity. Indeed, these requirements may have consideralplercussions on the learning performance and outcomes a
their lack impedes the normal learning flow as well as distrates learners in terms of technology skills and technical

equipment (Caba et al., 2007g).

Evaluation on real CSCL practices

In order to correctly evaluate the computational modelgtierdevelopment of effective CSCL applications, evaluatio
should be considered as a process or a collection of prectssdtain and analyze significant information that support
judgments of character on an object, a phenomenon, procems event as an aid for an eventual decision on itself
(Latorre et al. 1996). Evaluation in CSCL means to deal wiinyneducational theories, each considering their own
means and questions. This means that there is no a uniqoa wsihow to deal with evaluation in CSCL. Literature
shows different ways to successfully cope with evaluatiuth as surveys, interviews, empirical experimentatiasgc

studies and computer generated statistical measurenMatson, 1992).



The Open University of Catalonia(UOC) (http://www.uoaigaffers distance education through the Internet since
1994. About 45,000 students, lecturers and tutors arevadoin 600 on-line official courses from 23 official degrees
and other PhD and post-graduate programs. The UOC has shaeivarg need to monitor and evaluate real, long-
term, complex, collaborative problem-solving situatiamsl thus it represents and ideal context for experimentiy a
evaluating the different approaches addressed in thissth€kus, the needs for exhaustively evaluating the pdiibi
offered by a computational model for enhancing and imprgtire learning experience are to be met by leveraging the
real collaborative learning processes and dynamics fauttoki virtual classrooms of the UOC. This way, the impact and
repercussions of using a CSCL computational model on tHalmniative learning process can be empirically reported by
means of a set of surveys, user interviews, statistical uneagents, and so on, involving in the evaluation proceghell

actors participating in the real learning experience atio¢.

Thesis objectives

The main contribution in this thesis is four-fold. First,@nceptual model will be proposed for collaborative leagrtimat
facilitates a continuous monitoring of the learning atgivproviding group members with appropriate support, alé age
awareness and feedback about what is happening durindpoddigon. To that end, this conceptual model will include
both a set of indicators that will structure and classifyitifermation generated in the group activity at several leoé
description and a process to efficiently embed this infoionadnd the knowledge acquired into CSCL applications.

Second, the indicators and the process of interaction detigsis and management defined in the conceptual mode!
will be translated into a computational model of collabatearning interaction. The development of this compatst
model, and its later enhancement by means of leveragingtiezént powerful features of distributed technologiedl, wi
be used as both a skeleton for providing the essential neeaisyt CSCL environment and for the achievement of an
effective collaborative learning experience.

Third, for the purpose of achieving a computational platf@s generic, reusable, flexible, and interoperable as pos-
sible, innovative software reuse engineering procesdébavyproposed to enable an effective and systematic rzaiidin
of its generic features to facilitate the whole life cyclerelepment of the CSCL applications using this platform.

Finally, a full-featured structured discussion forum adl awe other minor CSCL applications will be developed using
the computational model for validation purposes. Evatratiill come from the analysis of the repercussions in thé rea
collaborative learning experience of these applicatignisnmolving tutors and learners that participate in theaodirative
learning experience. Lessons and experience gained wilfimted in using this application at the UOC for the support
of real group activity.

These contributions are concreted in the following obyesti

¢ |dentify a set of indicators that permits the collection atassification of the different types of information gen-

erated in the group activity such as task performance, giangtioning and scaffolding, as well as to identify the
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real skills and intentions of participants

e Design a process for the efficient collection, processinglyais, and presentation of the information and knowl-

edge acquired from the group activity into CSCL applicadion

e Define a conceptual model that formally describes and iategrboth the potential indicators of effective collabo-
ration and the process of information and knowledge managém order to constantly support group participants
by providing them with as much awareness and feedback asfmss well as for assessment and monitoring

purposes.

e Develop a computational system in the form of a generic §patiobn as a translation from the conceptual model

specially used to embed information and knowledge in anieffienanner.

e Elaborate a software engineering process to semi-autcatigtgenerate the realization of specific-platform imple-

mentations from independent specifications so as to gritijtate the reuse of the computational model.

e Enable the computational model as a generic, reusablaceearriented platform for the systematic and flexible

construction of any application in the CSCL domain.

e Explore the possibilities of distributed computing as dedfve infrastructure to greatly enhance the performance

of the computational model.

e Develop a complete and complex structured discussion fahahmay provide new opportunities to learning

methodologies so as to validate the capabilities offerethbyomputational model.

e Systematic construction of several simple CSCL applicatand tools using the computational model with the aim

at validating its reuse capacity.

e Report the experience of deploying, installing and runrtimg discussion forum application in the real learning

context of the UOC so as to support the group activity in satistance courses.

e Elaborate field tests, surveys, and user interviews inagltfe actors of the group activity in order to evaluate and

compare the impact on the real learning experience supgbbytéhe computational model.

Thesis hypothesis

The mentioned objectives lead to formulate five sequengipbtheses in this thesis.

1. The achievement of a conceptual model for analyzing anmthgiag data from CSCL applications should provide
the means of correctly classify the many different varialtfeat characterize collaborative interactions as well as

the identification and measurement of these variables ingef the user and system specific actions.
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2. The translation from this conceptualization into a cotapjanal model should efficiently embed the treatment of

the information collected from the group activity, and thgel analysis and presentation of essential knowledge
acquired into the collaborative process. This should tésudoth a positive impact on the group performance and
outcomes by increasing learners’ knowledge of each otheto&the group activity, and the improvement of the

teaching experience by facilitating the monitoring anceasment processes.

. The innovation in software reuse in the construction o§&€C computational platform should meet the fundamen-

tal needs of CSCL environments in terms of both functiondl@mfunctional requirements as well as the provision
of extensive support and semi-automation to the developliferycle of the specific CSCL applications using this

platform.

. The use of distributed technologies to support CSCL apfitins in real, collaborative learning environments de-

veloped by this platform should greatly enhance and imptbgeollaborative learning experience, in terms of the

non-functional features of the collaboration.

. The evaluation processes designed to analyze the impdlee @omputational model on the real collaborative

learning and teaching activity should provide appropreptantitative and qualitative data to report and verify the

feasibility and possibilities offered by this platform.
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Chapter 1

Related Work

In this chapter, an overview of the literature involved iistthesis’ research lines is presented. This overview wilVs

as background and further reference for the rest of chapters

1.1 Knowledge-centered CSCL

When developing Computer-Supported Collaborative Legrf@SCL) environments that support online collaborative
learning, several issues must be taken into account in twaersure full support to the online learning activity. Onoets

key issue is interaction management and analysis to supp@arteness, coaching and evaluation, based on informatior
captured from the actions performed by participants duttiegcollaborative process (Dillenbourg, 1999a).

The success of CSCL applications depends to a great exteéheaapability of such applications to embed informa-
tion and knowledge from the group activity’s interactiordarse it to achieve a more effective evaluation of collatezat
learning (Dillenburg, 1999b; Avouris et al, 2003; Maez et al., 2003; Daradoumis et al., 2005, Cabatlal., 2006).
This strategic line of research is still in an incipient st&a{Marinez et al., 2003) as questions related to the information
and knowledge embedding have not been sufficiently invastty

An initial approach (Zumbach et al., 2003; Zumback et alQ®)(considers the use of feedback in on-line learning
and its effects on group activity in general. To this end, edypes of information generated by the group activity are
considered as relevant knowledge to be communicated torthggnembers for feedback purposes but the process of
how to collect the information, analyze it and extract theid=l knowledge is not provided.

An automatic collection of information about interactiangresented in (Martez et al., 2003), for the support of
the formative evaluation processes and scaffolding. T®ehi, they present a flexible, efficient, and generic model of
collaboration to be applied in different CSCL situationke, they represent this model by a XML-based computational
model of collaborative action. Despite the fact the modstidguishes different types of interactions coming frostidict

data sources, no further research is provided of how toiffapsocess, and present this information and the knowdedg
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acquired in an efficient manner so as to be effectively fed bathe collaboration at the same time it is generated.

In Daradoumis (2004) and Daradoumis (2005), it is shown gegiated approach involving qualitative, quantitative
and social network analysis for analyzing and assessingatfermance of on-line learning groups from the informatio
gathered during the long-term, complex, collaborativerem experience. This approach identifies several importa
high-level processes of collaborative learning that aflam initial classification and evaluation of the group aistiv

interaction in terms of the learning product, group fungitng, and social and help support (i.e. scaffolding):
e Learning product refers to task skills and knowledge aeglity each member as well as the quality of group work.

e Group functioning considers the analysis and assessmémbthe interaction behavior of group members and

the social aspects of group work.

e Scaffolding refers to social support among members as wed task- or group functioning-oriented help provided

to a participant who is not quite able or ready to achieve ladashis or her own.

However, the high-level view presented in this approachsdus provide much help identify and precise the exact
meaning of all learning processes and the low-level intemas occurring in the day-to-day virtual classrooms. Reirt
more, the whole study was based on the BSCW groupware env@oin(Bentley, 1997), which shows a serious lack of
tools for collecting and analyzing the appropriate infotiorg especially in real time, and thus it was done after demp
tion of the task, which impacts much less on the group agtiXhafa et al., 2004).

A great deal of recent research has been done (Schellensadeice)/2006; De Wever, et. al., 2006; Strijbos et al.,
2006; Pena-Shaff and Nicholls, 2004; Schrire, 2006; Biigtaind Dimitracopoulou, 2006; Hew and Cheung, 2008; Pun-
tambekar, 2006) to identify and model precise processesnalichtors according to real skills and intentions shown by
the participants, especially in the context of collabeetctivities, such as group discussions, which are the phi@m
cation of collaborative learning activities this thesigsiand is interested in for empirical purposes. Next, arviswerof

current research on how to model discussion interactioritahater processing and analysis is presented.

1.1.1 Modeling user interaction

Schellens and Valcke (2006) investigated whether colltha learning in asynchronous discussion groups results i
enhancing academic discourse and knowledge constructiogir research work showed that students in the discussion
groups were very task-oriented and that higher proportansigh phases of knowledge construction were observed.
Moreover, significant increases in the cognitive inte@gtiask-orientation and higher phases of knowledge asct#in
were detected.

Furthermore, an important issue raised in collaboratigeni@g interactions is the change from divergence to shared
understanding and to possible construction of knowledgke foint is to understand how collaborative interactions
develop over time: whether students raise new issues Jiteae frequently as they become more familiar with the

discussion and discussants, and whether shared knowledldag becomes richer over time, and subsequent evidence
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that students were able to construct their own understgrigised on their interactions with others (Puntambeka6200
To this end, the model annotates and examines a variety el that contribute to the understanding of the nature of
the collaborative interactions, such as the studentsiyisproactivity, reactivity as well as the effectiversesnd impact

of their contributions to the overall goal of the discussion

Large amounts of information data are generated from asgnols discussion which includes complex issues of
the collaborative work and learning process (e.g., grouf-leng (McGrath, 1991) as well as self, peer and group
activity evaluation (Daradoumis et al., 2006)). On the oaad) quantitative information can be managed by applying a
structured process where the users’ interactions are dagip certain indicators according to a collaborative teag
conversation skill taxonomy (Soller, 2001) that models thgous types of interactions at different levels. Morapve
typical quantitative indicators about the participanerfprmance and dynamics (e.g., number of contributiongewiand
read by each participant) are also considered as relevarddel the group functioning and task performance (Darad®um

etal., 2006).

Indeed, quantitative content analysis has been increlgsisgd to surpass surface level analyses in CSCL (e.g.tcoun
ing messages) and several content analysis schemes haverhpbyed to analyze transcripts of online asynchronous
discussion groups in formal educational settings (De Weafteral., 2006). Although this research technique has been
often used, standards are not yet established. As a consmxjube empirical base of the validity of the instruments is
limited. Several open questions still exist, especiallg@scerns the unit of analysis and segmentation procedure to
followed (Strijbos et al., 2006). In a different study, a temt analysis scheme has been applied to analyze the way on
line peer tutoring (conducted by fourth-year studentspsuis asynchronous discussion groups of first-year stadBret
Smet, et. al. 2008). This study demonstrates the importdatthat tutoring plays in online asynchronous discussions

which is taken into account and constitutes a contributlagient of the model.

On the other hand, qualitative information is also valuableomplete the labored task of interaction analysis and
evaluation of contributions. Pena-Shaff and Nicholls @0@sed a mixed approach to analyze student interactions anc
meaning construction in computer bulletin board discussioQuantitative analysis was used to examine participatio
and interaction rates, and qualitative procedures wereé ttsanalyze knowledge construction processes and to refine «
category system of indicators and descriptors. Resultsatithat students engaged in a knowledge construction ggsoce

that was characterized chiefly by clarification, elaboratand interpretation.

Moreover, a study by Schrire (2006) applies a merging of titaive analysis within a qualitative methodology to
build a model for the analysis of collaborative knowledgdding in asynchronous discussion. The model allows ex-
amination of the communication from the multiple perspagiof interaction, cognition and discourse analysis. &unt
analysis of the discourse was done at a number of levelssifogwn the discussion forum itself, the discussion threads
the messages, and the exchanges and moves among the megsagesesult, it was possible to build a scheme for
assessing knowledge building in asynchronous discussimupg. The scheme integrates the interactive, cognitide an

discourse dimensions in CSCL. Similarly, Bratitsis and Diatopoulou (2006) analyze the quality of group inter@csi
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in asynchronous discussion by means of a multi-indicatadehbased on quantitative aspects of the active and passive
behavior of participants (i.e., number of messages writtglied and read). This may help tutor infer problematiaasi
tions occurring during the learning process as well as ifjeimdividual behavior that may influence collaborationch

as passivity and arrogance.

In a more recent work, Hew and Cheung (2008) report a quatatudy examining the facilitation techniques used
by student facilitators to attract their course mates tdigipate in asynchronous online discussions. This stufgrdi
from previous ones in the sense that it does not focus on tleeofathe tutor as facilitator and promoter of student
participation, but it explores peer facilitation. To exgdhe extent to which student participation in an onlineasion
forum is successful, the study looks at the depth of disounssireads. Finally, it reports the facilitation technigubat
were exhibited by the student facilitators. However, theer@nsideration of the depth of discussion threads does no
guarantee by itself the quality of the discussion; studgmastings can be simply driven by socialization reasonsrastd

directly linked to the development of the learning tasks.

1.1.2 Managing interaction data

All this information can be easily collected and automdljcprocessed and analyzed by computers as a quantitative
and qualitative data source and presented to the partisiparorder to provide effective information, such as how all
participants are actually performing during the discussiod the dynamics of each participant with respect to thegyro
Consequently, the efficient embedding of all this inforratand of the extracted knowledge into CSCL applications
sets the basis for enhancing support (Puntambekar, 200&)eaess (Gutwin, Stark, and Greenberg, 1995) and feedbacl
(Zumbach et al., 2003) to achieve a successful discussimeeps in collaborative environments. Indeed, the constant
and fast processing and presentation of this quantitatidegaalitative data as well as their systematic analysisdas
principled indicators that measure the type and the dedrg®op members’ participation, may positively impact om-pa
ticipant’s motivation, emotional state and problem-saodyvabilities and as a result enhance the acquisition of kexgé
performance (Daradoumis et al., 2006).

The ultimate aim is to extract relevant knowledge of the whis@n process from all possible sources (e.g., users’
activity, passivity, and effectiveness; participatiorpawt; qualitative assessment, etc.). Note that in thisesomnnfor-
mation refers to quantitative and qualitative data geeeray the learning group whereas knowledge refers to thétresu
of the treatment of this information through analysis téghas and interpretation. This knowledge will be fed bactt an

presented to the learning group members and its tutor foreaeas, feedback, and scaffolding purposes.

1.2 Engineering software CSCL applications

Over the last years, a great amount of full-featured e-lagrsystems have appeared in the marketplace offeringriesig

and instructors adaptative, powerful user-friendly lagdor the easy and rapid creation and organization of ceward
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activities, which can then be customized to the tutor's seéshrners’ profile and specific pedagogical goals. In this
section, an overview of existing e-learning systems fougractivity purposes is first presented. Then, an overviethef

latest reused-based software engineering techniquesariel@d provided both to meet the common needs found in the
e-learning domain for reuse purposes and to systematigdtlyess the current demanding and changing requirements i

this domain.

1.2.1 Groupware learning systems

Groupware is a software paradigm designed to facilitateabotation among groups of people (Ellis et al., 1998). It
has been successfully applied to CSCL domain due to thegstmerd for providing support to facilitate knowledge
building in learning environments. In order to effectivalypport collaborative learning, groupware systems irelad
variety of collaboration tools such as document repositaigual classrooms, whiteboards, chats, threaded disous
forums, etc. Furthermore, the World Wide Web, with a lightyte and extensible client-server architecture, allovientl
implementations for all popular computing platforms anceaisting user base numbered in millions (Bentley, 1997). In
particular, the fact that web pages present a cross-ptatianiform, simple, and intuitive interface defined by thevieser
results in web protocols and applications being incredginged by organizations to manage the internal distriloutib
information, which encourages their extension to groupwanctionality. As such, web technology forms an excellent
basis for the realization of the most well-known learningupware systems over the Internet, such as BS@hd
Synergeia

Although most of these groupware systems support many &spethe CSCL domain, they do not entirely contem-
plate the users’ fundamental needs for collaborative Irgrenvironments, such as dynamic support to group awasenes
specific components for awareness management, and intabilig between different applications to support cotied>
tive work. Moreover, most of them provide neither log file essing nor tools for analyzing the processed information,
and record the interaction as an ad-hoc huge amount ofiit&ired information with a high degree of redundancy that
requires an efficient data processing system in order toyamahis complex information. Finally, no analysis of the
real students’ skills and intentions are provided from thgonale of a specific conceptual model for data analysis and
management and as result the awareness and feedback itigednié strongly restricted.

Learning Management Systems (LMS) are software packagesaiole the management of educational content and
also integrate tools that support most of groupware neeat$y as e-mail, discussion forums, chat, virtual classrooms
and so on (Baloian, 2004). Over the last years, a great anodfut-featured web-based LMS systems have appeared in
the marketplace offering designers and instructors geneowerful user-friendly layouts for the easy and rapication
and organization of courses and activities, which can tteeffelshed out with specific course materials and customized to

the instructor’s needs and pedagogical goals. Most of thgstems take advantage of important standards such as Ope

1BSCL is found at http://bscl.gmd.de (web page as of April 2008
2Synergeia is found at http://www.synergeia.org (web pagef &pril 2008)
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Knowledge Initiativé (OKI), and the IMS Global Learning Consortidrso as to enable sustainable interoperability with
heterogeneous systems in the e-Learning domain and al$ffeiredt domains. Representative LMS systems are WebCT

and Blackboar] which are proprietary, and open-source such as M8p8kekal, and Intera® among many others.

Finally, open-source Content Management Systems (CMS3$eer as an abstraction or superset of LMS and are
becoming very popular in building Web-based learning systdndeed, the flexibility of these systems and the powerful
support from the open-source community may make CMS a bategnative to LMS. In the context of this thesis, LMS
systems are certainly too restricted and impose many b&rilken it comes to incorporate an unforeseen aspect in theil
internal design, such as the proposed conceptual modefarfiation and knowledge. On the contrary, CMS systems
have not conceived for learning purposes only and so thegae to build very flexible learning systems (Aspeli, 2007).

Representative CMS are Plofiand its underlying application server Zoffe

Despite the great support of LMS systems to important angels & communication, collaboration and assessment,
little support is provided in general to awareness and faeklbwhich is fundamental in this context. In spite of the
source code of some of the LMS systems may be available,endlile adaptation of their internals (i.e. Application
Programming Interface) to include news indicators to bé&cttd from the participants’ interaction is supported ther
presentation to participants in suitable formats of theskadge acquired in a personalized, dynamic form switching t
awareness, feedback, monitoring, and so on. Another contrasmback is the lack of interoperability thus making the
applications dependent from the programming languagegnlyidg infrastructure, and so on.

Two LMS platforms especially have showed up in the markegpknd are being extensively adopted by educational
organizations. Moodle together with the Sakai Project lagenajor open source movements increasing their share in the
educational space. Moodle is designed using sound pedagpginciples such as constructivism, to help educat@ater
effective online learning communities, while Sakai is a degmmunity source software development effort to design,
build and deploy new collaborative learning environmentshigher education. This allows educational institutiems
highly customize Sakai to suit their pedagogical needstecithological requirements.

In spite of providing an extensive API, at the present tinexehis no proper documentation in both Moodle and Sakai
systems and the adaptation to different needs of importadiutes, such as the logging component, is rather chaotic.
Furthermore, as Moodle is entirely written in PHP and Sakaldva, this brings interoperability problems, which may
influence the decision of choosing the technological ptatfander which it runs. In order to overcome these problems,
both projects are developing a web-service API, but just afagser and course management and administration method:

have been created so far for testing purposes only.

30Kl is found at http://www.okiproject.org (web page as ofrhg008)

4IMS is found at http://www.imsglobal.org (web page as of ARf08)

SWebCT and Blackboard have recently merged. More informatidntp://www.webct.com (Web page as of April 2008)

6Moodle is found at http://moodle.org (Web page as of April @00

"Sakai Project is found at http://www.sakaiproject.org bigage as of April 2008)

8Interact is found at http://www.interactims.org (Web pag@&April 2008)

9Plone is found at http://www.plone.org (Web page as of ApBiD8)
1070pe is an open source application server for building cureanagement systems, intranets, portals, and custom ajipiaZope is found at

http://www.zope.org (Web page as of April 2008)
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Special case is also the .LRN systénwhich provides a specific user tracking module for a fullgsort monitoring
and awareness during the collaboration, so that it is plessibpresent many views in the form of statistics of what
is happening in each workspace, site and community. De#ggenide support and the great amount of information
collected, there are neither specific indicators to clgssifd measure the real skills and intentions nor a process tc
continuously process and analyze this information geadratan efficient manner for awareness and feedback purposes
In order to fill this gap, this thesis contributes by meanfiefdomputational model in the context of the MOSAICLearning
Project?.

In overall, if we ask ourselves how users and resources fitiereht LMS and CSCL systems are managed and what
individual features make the difference when moving frore egstem to another, we can see that their realization and.
most importantly, their implementation using specific pesgming languages and platforms are very different. Even so
all these systems’ requirements and design are not soatifférom each other meaning that there exists a potentially
important common basis among all of them, which avoids nestesys being developed from scratch (Cabel al.,

2004). Next, a generic reused-based approach that follsseetprinciples is provided.

1.2.2 Software engineering techniques

In this subsection, several software engineering teclasiguie analyzed from the view of generic architecture soisti
for e-learning systems. These techniques are describéihveithistorical perspective, from the most traditionalhe t
latest techniques. Also, certain important contributitmghe e-learning domain using these techniques are disduss

Components have been one of the most successful resourtles software reuse field that has reached most of
domains. It describes all activities in the context of a ctatgsoftware life cycle on the basis of components (Ateyeh
and Lockemann, 2006; Bacelo, 2002). A software componentbatractually specified interfaces and explicit context
dependencies can be deployed independently, and is stibjeotnposition by third parties (Szyperski, 2003). In the
literature (Dimitriadis et al., 2002), however, the apation of components in the development of CSCL applications
shows the reuse capacity achieved by components is cleavlyllie to its short of scope (Czarnecki and Eisenecker,
2000; Gomaa, 2005). These approaches also lack of crupettssthe principle the CSCL paradigm, such as the analysis
of interaction data and the presentation of the knowledg¢raeted.

(Anido-Rifon et al., 2001) propose a three-layered component-baaetk¥vork focused on interactive and collab-
orative educational applications. In this approach, evenbduced by a given component are handled and delivered tc
remote components in the same application. Another comp@tiews the sharing and distribution of events performed
on the shared application user interface where user aotidhise forwarded to every other user in the group. Although
the proposed framework supports most scenarios takingactount their particularities, it fails to focus neitherpmo-
cessing and analyzing the event information from the ug#reenor on how to present this information to users in terms

of dynamic support to group awareness, specific componengareness and feedback management.

11 LRN is found at http://www.dotlrn.org (Web page as of A{@il08)
12MOSAICLearning Project is found at http://www.mosaic.gasic3m.es (Web page as of April 2008)
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(Bacelo et al., 2002), introduces an interesting approaatpmponent-based architecture to support collaborative
application designs, especially communication, coop@raand information sharing aspects are considered. Henwev

aspects such as awareness and knowledge management &eel amit need to be taken into account.

For the purpose of this thesis, it is worth mentioning hereesapproaches such as Bote et al. (2007) and Pankatriu:
and Vossen (2003), which point to the use of distributed aging environments in the development of components for
collaborative learning domains. In the context of this egsb, distributed computing is also used for specific coltative
learning applications to meet many important needs of thppéications, such as group activity data analysis and man-
agement, in a highly effective manner. For instance, Gridmating (Foster and Kesselman, 1998) offers high-throughp
and data-intensive computing, which greatly facilitate gnocess of embedding information and knowledge into these

applications making it possible to provide users with cansteal-time awareness and feedback.

Margues et al. (2006) also propose a distributed and decenwlahfi@structure which has the aim of supporting dis-
tributed group learning and team work activities. Thisastructure is based on event distribution mechanismsgirayi
awareness so that participants can be notified and thus be aveate of the progress of the groups they belong to. It
describes how to collect and propagate events so as to gotifyp participants about the activities of others. Howgiver
does not describe how this information should be presentpdrticipants and thus some of the effectiveness in progidi

awareness is lost.

Although all these approaches have been successful foottgraction of effective groupware and specifically CSCL
applications, new engineering software paradigms andtqubs are needed to address the new demanding pedagogic
and technological requirements appearing in CSCL domailewdducing the overall engineering effort required to inee
them. To this end, generic platforms and frameworks are altyndeveloped for the production of complex software
systems through the reuse technique by focusing on famélesys rather than single systems (Czarnecki and Eisenecke
2000).(Czarnecki, 2005). This approach has been suctigsgiplied to different domains thus providing applicaisoof
increased quality reducing both cost and development filméhis end, Generic Programming (GP) paradigm (Czarnecki,
2005; Czarnecki and Eisenecker, 2000) have appeared imttiext of computer software development as an innovative
paradigm that attempts to make software as general as fwssthout losing efficiency. GP achieves its goal by iden-
tifying interrelated high-level family from a common recginent set. By the application of this technique, espsciall
design phases, software is developed offering a high def@zstraction which is applicable to a wide range of siturai

and domains (Cabdland Xhafa, 2003b).

Moreover, the Model-Driven Development (MDD) (Gomaa, 200&radigm and the framework supporting it, namely
Model-Driven Architecture (MDA), have been recently attiag a lot of attention given that it allows software deyedos
and organizations to capture every important aspect oftavard system through appropriate models (Czarnecki, 2005)
MDA (OMG, 2006), in turn, is a novel software development neelology that has proved to work in promoting reusabil-
ity by providing the necessary tools to fully harness the @ouwf software reuse. The central idea of MDA is to specify a

unique and independent view (called Platform IndependerdeV) of a software artifact and produce several realinatio
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(called Platform Specific Model) automatically via a getara MDA provides great advantages in terms of complete
support to the whole cycle development, cost reductioniwsoé quality, reusability, independence from the tecbgyl
integration with existing systems, scalability and robess, flexible evolution of software and standardizatienit &
supported by the Object Management Group (OMGYIDD and MDA rely strongly on several modeling techniques
such as Domain Analysis (Czarbecki, 2000; Gomaa, 2005)eapricess of analyzing related software systems in a
domain to find their common and variable parts. The usualtiegiproduct is a domain model in the form of a generic

architecture, which describes all systems in a domain.

There are many views and opinions about what MDA is and isiotvever, the OMG, as the most authoritative view,
focuses MDA on a central vision (OMG, 2006; Czarnecki, 20@8pw developers to express applications independently
of specific implementation platforms (such as a given pnognéng language or middleware). To this end, OMG proposes
the following principles for MDA developments: first, thevédopment of a UML-based Platform Independent Model
(PIM), second, one or several models which are Platformi8p&todels (PSM). Finally, a certain degree of automation

by means of descriptions is necessary for mapping from PIRSM (OMG, 2006).

Laforcade et al., 2007, draw an extensive overview from tieealture of the promises, challenges and issues en-
countered when applying principles and theories using MBIDA paradigms to model and deploy technology-enhanced
e-learning systems. They conclude that this software eeging approach can help designers to reduce the gap be
tween specific instructional requirements and the softaerkitectures that support the implementation, run-tintethe

regulation of this instruction.

Finally, for the purpose of this thesis, it is crucial mentitg here the Service-Oriented Architecture (SOA) (W3C,
2004) approach, which represents the next step in the seftthevelopment to help organizations meet their ever more
complex set of needs and challenges, especially in disédhsystems (Pankatrius and Vossen, 2003). SOA relies on ser
vices. According to the W3C Working Group (2004), a serviaesst of actions that form a coherent whole from the point
of view of service providers and service requesters. Inrotloeds, services represent the behavior provided by a geovi
and used by any requesters based only on the interface corBi@A benefits software development by mainly dynami-
cally discovering and invoking the appropriate servicgseidorm a request from heterogeneous environments, fegard
of the details and differences of these environments. Byimgatke service independent from the context, SOA provides
software with important non-functional capabilities fastdibuted environments (such as scalability, heteroijer=ad

openness), and makes the integration processes muchteamsibieve (Cabad et al., 2007f).

Despite SOA can be realized with other technologies, overdkt few years Web-services has come to play the
major role in SOA by providing a set of standard protocols thaet the main needs of SOA. The use of widely adopted
protocols and standards, such as XML, UDDI, WSDL, SOAP and PITW3C Working Group, 2004), represents the
cornerstone of Web-services approach which provides aldaitechnology to implement the key requirements of SOA.

This is because these protocols allow a service to be phatfoand language- independent, dynamically located and

13The Object Management Group is found at http://www.omg.corab(\dage as of April 2008)
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invocated, and interoperable cross over different orgditiz networks. As a result, Web-services technology plewi
lower costs of integration along with flexibility and simfitation of configuration. Next, a short description of theeco

protocols is provided based on W3C Working Group (2004):

e Simple Object Access Protocol (SOAP): This is a lightweiglethanism used to exchange XML messages betweer
applications regardless of the programming language aiatipa system. This defines the message’s format to be

passed between applications, typically (but not excligiva/er the HTTP protocol.

e Web Service Description Language (WSDL): Provides the reggsstructure to describe the Web Service’s func-

tionalities, by means of providing an XML grammar to be usethe Web Service.

e Universal Description, Discovery and Integration (UDDihis specification provides the structure used to describe
and register a particular process logic, where client apfibns can find out about services offered, and their

locations or addresses.

Therefore, Web-services, based on the eXtensible Markuguage (XML) standard, allow the interoperability of
various applications running on heterogeneous platfoemabling the automation of processes across differenicappl
tions. A Web-services model abstraction involving the abmentioned protocols is shown in Figure 1.1. At the base we
find the communication protocol (TCP/IP). Transversallyite Web Service stack different protocols can be plugged-in

to guarantee good practice regarding security, qualityeofises and management.

BPEL, W5-CDL, XLANG, WSFL,WSCI | Orchestration/Choreography

UDDI | Service Publication/Discovery
e
WSDL Service Description oy B
5 8 <
¥ o =
SOAP XML Messaging A E

XML, XML Schema Data Encoding
HTTP, SMTP Transport
TCP/P Intermet/Intranet

Figure 1.1: Web-services structure.

Even though Web-services have been shown as the ideal teggrfor implementing SOA, some drawbacks and
pitfalls such as performance issues and security incolivipagis to other technologies need to be carefully analyaed
addressed.

Many studies (Endrei et al., 2004; Wang and Fung, 2004) tdkardage of the service-oriented approach to improve

the development of software systems. One representatpleeation of this approach to the field of e-learning iSif;
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2007) who presents an innovative open, distributed sexviemted architecture for flexible teaching and learnictiva
ties. In this study, he discusses the experiences gaineshames how a SOA-based system could meet important researc
and development objectives in this context, such as sufgovarious teaching and learning paradigms, personaizat
in the retrieval, management and presentation of the netéméormation needed to perform the learning activities] a
user adaptation to both the system and the learning progesgpboving the knowledge about the user behavior. However,
other equally important benefits from using a service-aeié@pproach for learning and teaching are not even meigtione
in this study, such as reliability, performance, and inperability with existing and legacy systems.

This thesis takes all these approaches one step furtheobiglprg new generation-based techniques that take a higher
level specification of the CSCL domain models and produae#bzation via a semi-automatic generator (Czarnecki and
Eisenecker, 2000). The users of a generator will see a sytbi@nallows them to go from the specification model to a

different realization models without having to understémelinternal details of the generator (Bell et al., 1994).

1.3 Distributed and Grid computing for enhancing modern needs in CEL

According to Foster et al. (2001) and Foster and Kesselm@®3(]1 Grid computing has emerged as a way of capturing
the vision of a networked computing system that providesbraccess not only to massive information resources, but
to massive computational resources as well. The concepiropatational Grid has its origins in wide-area distributed
computing, and extends to a large-scale, flexible, secw@,dmated resource sharing among dynamic collections of
individuals, institutions, and resources.

Grid architecture (Foster et al., 2001) is found in the forfrfive layers, which may be distributed in different levels
(Figure 1.2): Fabric at the resource level, Connectivigs®urce, and Collective, at the core Grid level, and Appbca

at the user level. Detailed information of each layer candoed in the literature (Foster et al., 2001).

O i H User
< Application layer
S Y
= Collective
e

L
E : Core Grid
9 Resource layer
2 Y
o ..
= Connectivity
o
= Fabri Resource
O abric ayer

Figure 1.2: The layered Grid architecture.

A fairly amount of e-Learning Grids have appeared over theylaars, which leverage Grid architectures to yield more

powerful resources for educational organizations (Paiisaand Vossen, 2003; GuiLing et al., 2005b). Represestati
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e-Learning Grids are OntoEdu (Guang-zuo et al., 2004) SRbb4s et al., 2005), and CoAkTing (Shum, 2002), which
overcome important non-functional requirements arisehigcontext, such as scalability, availability, and dizition of
computing power as well as storage capability (Cabetlal., 2004).

From this approach, Grid provides an ideal context for sujpgpand producing major benefits for CSCL applications.
Such important features include (Foster et al., 2001; Gujlét al., 2005b): large scale of Grid infrastructures, wide
geographical distribution of resources, multiple adnaisons from different organizations, transparent angedelable
access as well as the capability of granting access to shhet¢eiogeneous resources in very dynamic environments.
Considering these benefits provided by Grid it is possiblettucational organizations to make use of true collabaati
learning environments that enable the involvement of largmber of single/group participants, who can potentially
belong to many different organizations, possibly situatieeery different locations, and transparently share a kagety
of both software and hardware resources while enhancinghttorhuman interactions (e.g. through a friendly 3D-dase
user interface) (Cabdlet al., 2004).

Therefore, leveraging the inherent performance poteaoti@lrid infrastructure for CSCL applications makes it pessi
ble to greatly enhance the collaboration experience. Maethe combination with other technologies, such as Servi
Oriented Architectures and Web-servitesllows developers to cope with essential issues in CSQih as integration,
interoperability, fault-tolerance (reliability) and fiéxity so as to meet the needs of different, heterogeneaddegacy
environments (GuiLing et al., 2005b). In this context, itises clear from the literature the key role played by SOA-Base
architectures, and in particular Web-service paradigmb-éérvice technologies provide both interoperability vere
come the great complexity of Grid middleware and ease fontheagement and delivering of heterogeneous, complex
learning content and courses (GuiLing et al., 2005a).

Nevertheless, there is still a strong lack of support forcgmesituations and sub-domains of e-Learning such as
CSCL. Just a few Grid systems are intended to offer spedifi€&$CL support (Bote et al., 2007), and it is demanded
more penetration of Grid in this context (Gleeson and Pab0,72 given that its inherent potential, in terms of sharing

huge amounts of learning data and resources during thébooflion at reasonable cost.

Despite that the research areas previously reviewed hae laegely investigated, their analysis revealed that they
are still far from being mature and a lot of effort is still weel to overcome considerable barriers that form part of thei
very rationale. To this end, this thesis’ results and exgers are expected to contribute to the respective restaldh
and, in particular, the research community of the UOC, bymaex the provision of distributed CSCL systems that will
hopefully fill an important gap existing in current researtlext chapters provide a detailed description of theseenti

contributions.

14The Web Services Architecture Document is found at http:iww8.org/TR/ws-arch/ (Web page as of April 2008)
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Chapter 2

A conceptual framework for interaction data

management and knowledge extraction

The success of CSCL applications depends to a great exteheaapability of such applications to embed information
and knowledge of group activity and use it to achieve a mdectfe group monitoring (Cabdllet al., 2006). A large
amount of information data is generated from long-termadmitative interaction which includes complex issues of the
collaborative work and learning process (e.g., group Wwelkkg (McGrath, 1991) as well as self, peer and group agtivit
evaluation). Some of this information may be produced frpec#ic data sources such as ad hoc questionnaires and, du
to its high degree of informality, needs to be processed aatyaed manually. Consequently, the efficient embedding of
all this information and of the extracted knowledge into C2Pplications sets the basis for enhancing support, awasen
and feedback to achieve a successful learning processlaboahtive environments.

In this thesis, it is considered that asynchronous colkatimn generates quantitative information in the form ofrése
as a result of the users’ interaction with the system’s nesmuand other users. Quantitative information generated f
synchronous collaboration can be managed by applying atpueturing process where users’ interactions are labeled
with certain indicators according to a rhetorical exchasigecture (Daradoumis, 1995) that models the various tgpes
interactions at different levels. All this information cae easily collected and automatically processed and aslyz
by computers as a quantitative data source. The knowledgaceed by this process can then be used to facilitate a
continuous monitoring of the learning activity, providiggpup members with appropriate support, as well as awasenes
about what is happening during collaboration. Furthermthieconstant and fast processing (Paniagua et al., 20059 of
guantitative data as well as their systematic analysisthasgrincipled indicators that measure the type and theegegr
of group members’ participation, may positively impact amtjgipant’s motivation, emotional state and problenvsa
abilities and as a result enhance on-line collaborativenlag (Cabalé et al., 2005b).

Furthermore, qualitative information is collected fromtaat questionnaires which are regularly filled out by group

members, reporting human and behavioral aspects of co#libo as well as evaluating the collaborative learningeexp
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rience. Participants qualify their own emotional and matitvnal state within the learning group as well as evaluage t
participation and learning activities of their peers. Tira af this approach is to provide both a deeper understanofing
collaboration and a more objective assessment of indiViglu group activity.

The ultimate aim of this research work is to extract relewanuwledge of the collaboration process from all possible
sources. Note that in this context information refers tongjt@tive and qualitative data generated by the learninogigr
whereas knowledge refers to the result of the treatmenioirtformation through analysis techniques and interpicaia
This knowledge will be fed back and presented to the leargingp and its tutor for awareness and scaffolding purposes.

The management of both quantitative and qualitative in&diom generated in both synchronous and asynchronous
collaboration aims at achieving three main goals: (i) plevan analysis of the group’s performance at three levetseha
collaborative learning outcome, group functioning andfet@ding (Cabal€ et al., 2007f), by obtaining and classifying
the necessary information gathered from the collaboratoteity into these three essential categories; (ii), iempént
an effective way to collect, analyze and present this infdiom given that the large amount of information generated
during online group activity may need much time to be proeés§ii) embed the information and knowledge obtained
into CSCL applications efficiently so as to facilitate baitots to monitor the learning activity and group memberseto g
as much and effective awareness and feedback as possible.

In order to achieve these goals, a conceptual model is fioptgsed for data analysis and management that identifies
and classifies the many kinds of indicators (variables) destribe collaboration and learning into high-level ptgn
aspects of collaboration. Then, a process is describegahafirst step, collects and classifies both the event irdton
generated asynchronously from the users’ actions andlleteld dialogues from the synchronous collaboration adegrd
to these indicators. For efficiency purposes, this inforomatmay then be structured further in a way that facilitatss i
faster processing and analysis (Cabat al., 2005a). The last stage of this process consistdespreting the analysis
outcomes and communicating the knowledge extracted torthgpgnembers for awareness and feedback purposes a

well as to the tutors to track the collaborative learningcess more effectively (Cabalkt al., 2008a).

2.1 A conceptual model for data analysis and management

In the context of both asynchronous and synchronous, colidilve learning practice, a conceptual model for datayail
and management is intended to model different aspectsafiction and thus at helping all the actors involved under-
stand the outcomes of the collaborative process classiftedtiiree generic group activity parameters: the members’
contributing behavior to the task (the product of collaliorg), the functioning of the group (the interaction prasesun-
derlying the collaborative learning activities, such adipgpation behavior, role playing, etc.), and individwzald group
scaffolding (social support and task- or group functionimgented help).

Indeed, the specification of high-level collaborative if#ag processes constitutes the first step toward the cleessifi

tion of the many different variables that characterizeatmdlrative interaction as well as the identification and mesment
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of these variables in terms of the user and system specifiteyer actions). This conceptualization enables the con-
struction a computational model to gather information itracgured manner and consequently to provide an easier anc
more efficient further processing and analysis of this imi@tion through different techniques (such as statisticdldata
mining, social network analysis etc.).

The conceptual model proposed in this thesis starts up fagirtegrated approach, in particular, from the mentioned
high-level indicators of the quantitative dimension. Tajgproach is then extended with new and finer-grained presess
and indicators in a top-down fashion, from high-level pss=s to specific indicators. This way, each group members’
action and contribution as well as its impact on the groujviigtcan be precisely identified, classified and assessed
according to real skills and intentions shown by the pgéints. The aim is to interpret the analysis results and extra
reveal and provide the actors with valuable knowledge fohed the three high-level collaborative learning processe

The construction of this conceptual model is based on kriydecquired primarily by an in-depth statistical analysis
of a large number of log files describing group interactianfra variety of real collaborative learning experiencesl, an
secondarily by a qualitative analysis performed by thertuteho conducted the experiences. The ultimate aim of this
study is two-fold: First, to show to what extent the gathgripre-processing, and analysis of collaborative data ean b
automated. Second, to infer how the knowledge extracted fhe analysis can be used as feedback to report and predic
behavior as well as to detect problematic situations.

This research takes place in the context of online learniogs composed of students from several distance learning
undergraduate courses at the Open University of Catald@C) being set the task of working on real, long-term,
complex, collaborative problem-solving situations. Aslsuit is important to present first a sufficient descriptidn o
the workings of the case study that was used for the purpotieeadnalysis on interaction. The results of this analysis
defines and obtains several indicators of group activityegands to each of the three high-level collaborative learni
processes; a general description for each indicator isigiedvbelow. Note that the whole learning activity at the UOC
occurs largely in asynchronous mode rather than syncheiyothus, for the time being, this research is mainly foegsi

on asynchronous interaction, even though synchronous madeo considered when needed.

2.1.1 Case study description

This study is based on real collaborative learning expegsrtarried out in the scope of online distance learningrnde
graduate interdisciplinary courses, suchAgplication of Information Systems to Businessd Software Development
Techniquest the UOC. The first experience ran over a period of 14 weelisraolved 2 tutors and 122 students dis-
tributed into 21 online groups of 5 to 6 members. Studentstbambllaborate and work out a case study that simulated
a real project in a business or organization. The secondiexpe lasted the same period of time, involved 2 tutors and
60 students distributed into 12 online groups of 5 memberd veas based on the Project-Based Collaborative Learning
paradigm.

The implementation of each collaborative learning practionsists of five well-differentiated and structured sub-
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problems (phases): problem specification and planninggaeisnplementation, testing, and documentation and prbdu
delivery. In each phase the tutor should assess both indilignd group contribution, so even though students work
together to achieve a learning goal and submit a common ptothey are evaluated by means of their particular contri-
butions as regards the product and the collaborative psatsedf. Individual assessment also depends on the spealiic

a student plays at a particular phase. Roles are switchedggroup members while passing from one phase to another
so a student plays a different role in each phase (for mogglsisee Daradoumis, el al. (2006)).

The whole project was carried out mostly asynchronousiyckyonous interaction occurred in few specific cases
of decision-making. All asynchronous collaborative iations took place on the Basic Support for Cooperative Work
(BSCW) system, a groupware tool that enables asynchronausyaichronous collaboration over the web (Bentley et al.,
1995). BSCW offers shared workspaces that groups can userty manage, jointly edit and share documents, realize
threaded discussions, etc.

To structure the whole collaborative learning process, padicularized shared workspaces were set in the BSCW
system. The first one is a general workspace, which could besaed by all students of the online class. The main
purpose of this workspace was to let students interact véth ether in order to form the online learning groups. In
addition, it was used to effectuate specific debates, whinh part of the project requirements and involve all stusient
as well as to share important information about the projetiray tutors and students. The other workspace type was ¢
private space designated to house each online group, tharésord and structure the interaction of its members that
aims to achieve the project target goals through the rasalof the specific tasks and problems the project consists of

The successful realization of these experiences (as well athers that were carried out in subsequent semesters
provided a large volume of interaction data that constitiaevaluable source for the analysis. This information was
maintained in the form of event log data and was generatemhwaiically by the BSCW by registering the information
related to different types of actions done by the users oafiptications.

This approach first builds a conceptual model of analysistefactions which relies on the theoretical principles and
indicators of effective collaboration. This provides agipled and effective manner to classify the informationeyated
from group interaction; it also facilitates the processamgl analysis of this information and knowledge extractidext,

both the event information and the users actions that gerseeaents are explored further.

2.1.2 User events

User events in the form of generic indicators are defined &erilee the three main high-level collaborative learning
processes, which take place in group educational acsvi@llaborative learning product, group functioning, @cef-
folding (see Figure 2.1). In order to describe each of thesel categories, similar terminology to the one used in
the Basic Support for Cooperative Work (BSCW) system is eggado refer to the actions that can be carried out in an
asynchronous groupware platform. However, they are geramagh to be abstracted and represent all the typical and

basic actions encountered in any asynchronous groupwaifenpoh. In addition, the terminology used for labeling the
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Figure 2.1: A hierarchy to collect and classify all eventa@rated during the group activity.

dialogues generated in collaborative synchronous erwiests is based on the rhetorical exchange structure erpl&in

Daradoumis (1997).

2.1.2.1 Collaborative learning product

This is the first top-level activity parameter featuring gneduction function and task performance of on-line grouigs
characterized by the type of actions (events) that capnuotadascribe the functional knowledge, cognitive proceasels
skills of the students and the group as a whole in solvinglprob and producing learning outcomes in a collaborative
learning practice. It is used to analyze and evaluate thigithéal and group effectiveness as far as task achievement
concerns. It can be measured as a qualitative and quardifaéirameter by the type of user task-based actions tha
represent contributions which express basic and suppaattive learning skills as well as perception skills. Tald
shows the mid- and low-level indicators in the form of thdlskand sub-skills that should characterize the students wh
participate in a collaborative situation in order to acki@ffective group and individual performance of the task and
thus obtain a successful learning outcome. In measurinly iedacator (or skill), it is associated with both the acson
that students perform in an asynchronous (A) environmedtthe type of dialogues carried out synchronously (S). A
similar terminology is employed to the one used in the BSC®¥ley to refer to the actions that can be carried out in any
groupware platform. Indeed, they are general enough t@sept all the typical and basic actions encountered in every

groupware platform.
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Table 2.1: Indicators (skills) that modelsk performance

Skills Sub-skills Learning outcome contribution ~ Asynchranous actions (A)
Synchronous communicative acts (S)
Basic active learning skills Information generation Cecddc/note (A)
Describe / Edit doc (A)
Adjust (S)

Information elaboration

Information revision

Information reinforcement

Version/Replace doc (A)
Elaborate (S)

Revise/Branch doc (A)
Revise (S)

Create-Noteboard doc/URL A¢dfas an attachment) (A)
Extend (S)

Information processing (perception) skills  Informatiarkaowledgment

Read event (A)
Give consensus (S)
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2.1.2.2 Group functioning

This is the second top-level activity parameter which is enag of the type of events that represent and are used tc
measure and analyze the individual and group effectiveregssding participation and interaction behavior thailitate

the group’s well-being function (MacGrath, 1991). As a diitative parameter, it enables the measurement of importan
participant contributions (in terms of specific types of rugetions) which indicate skills related to: active or pessi
participation, well-balanced contributions and role jhay participation quality and communication flow amongigyo
members, as well as the necessary skills that facilitateemhéince group interaction, namely active processingsskill
(such as task, workspace and communication processing)skit addition, interaction behavior can also be measured
as a qualitative parameter by group reflection (i.e. groupiadividual self-evaluation). Table 2.2 shows the mid- and
low-level indicators in the form of the skills and sub-s&ithat students should exhibit in order to enhance participa
promote better communication and coordination, and thh#&wae the effective interaction and functioning of the grou
in a collaborative situation. Again, to measure each irtdicgor skill), it is associated with specific student actovhich

best describe each skill to be accomplished.

2.1.2.3 Scaffolding

This last top-level activity parameter is specified by thgetpf events that refer to social support among members &s wel
as to task- or group functioning-oriented help provided padicipant who is not quite able or ready to achieve a task on
his or her own. As for the former, the event information issidered that includes actions which support and promote
group cohesion, such as motivational and emotional suppontlict resolution, etc. As for the latter, it is focused on
those specific actions designated to provide effective toeipe peers when they need it during the collaborative legrn
activities. The participants’ actions aiming at gettingpooviding help are classified and measured according tohghet
they refer to the task or group functioning.

Table 2.3 shows the different types of social support angd ketvices (Webb, 1992) that have been identified and
accounted for in the proposed model. Scaffolding can beigedvexplicitly if a member asks for it, or implicitly when
a specific need or problem is detected. The latter is achigwedgh awareness and feedback. More specifically, once
the group cohesion, task performance, and group functioparameters have been measured and analyzed, the grou
participants (including the mediator) or the system itgbif means of an intelligent agent) can be aware of what is
happening during the group activity. Thereafter, they catidk to provide the participants an adequate scaffolccaded
to social support (motivation, encouragement, confliabligson, etc.) or supply them with a specific help servicated

to the task itself or group functioning (e.g. member pgpition).

2.1.3 User actions

In a collaborative learning experience, the group actiigtdriven by participants’ actions on the generic collativea

learning resources and these actions are aggregated teghevents to form another hierarchical tree (included gufé



Table 2.2: Indicators (skills) that modgfoup functioning

Skills Sub-skills (Group functioning contribution)  Asynchronous actions (A)
Synchronous communicative acts (S)
Active participation behavior and peer involvement skill®articipation in managing (generating, Create Event, Ga&vent, Read Event (A)
expanding and processing) information Take-initiativevitle-info, Share-info (S)
Request/Suggest-action, Listen (S)
Social grounding skills Well-balanced contributions, sien/Replace doc (A)
adequate reaction attitudes, Create Event, Change Evead, Rvent, Move Event (A)
and role playing Provide-acknowledgment/answer/satufi)
Assess, Give/Take-turn, Perfom-role (S)
Task processing skills Task planning/distribution CrAatk Appointment (A)

Create/ChangeAccess WSCalendar (A)
Coordinate-task, Plan, Distribute-time (S)

Task (and knowledge) management Create Folder (A)
Work load distribution Create Notes (as a contribution iruldbin board) (A)
Build-workspace, Distribute-workload (S)
Workspace processing skills Workspace organisation aridtemance Move event (cut, drop, copy, delete, forget) (A)
Organize, Order, Clear-out (S)
Communication processing skills Clarification Change Diption / Change Event doc (A)
Change Description url (A)
Clarify (S)
Evaluation Rate document/url (A)
Evaluate (S)
Description (illustration) Edit/Change Description FetdA)

Change Description Notes (A)
lllustrate (S)

Communication Improvement Edit Note ; Chvinfo/Chvno/CkietCheckout doc (A)
Rename Folder/Notes/doc/url/ (A)
Rephrase, Reformulate (S)

Meeting accommodation ChangeDesc/ChangeDate/Changghio¢A)
Appointment (A)
Arrange, Accommodate (S)

30



Table 2.3: Indicators that modstaffolding(for both asynchronous and synchronous collaboration)

Social support

Members’ commitment toward collaboration, joint learnargd accomplishment of the common group goal
Level of peer involvement and their influential contributim the involvement of the others

Members’ contribution to the achievement of mutual trust

Members’ motivational and emotional support to their peers

Participation and contribution to conflict resolution

Help services

Help is timely

Help is relevant to the student’s needs
Help is qualitative

Help is understood by the student

Help can readily be applied by the student
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Table 2.4: Excerpt of a generic coding scheme for asyncluseavironments.

Code Action Eventtype  Skills Category

cdc Create document  Creation Information generation @nriton
cda Create document  Activity Active participation Intetfan

cdr Create document Reply Information revision Effecteen
cde Create document Evaluation  Task contribution Groupatdin
cnc Create note Creation Information reinforcement  Peréoce
cns Create note Support Members'’ involvement Motivation
cnr Create note Reply Information revision Effectiveness
cha Create note Activity Active participation Interaction
rdp Read document Processing  Information knowledge Redoce
rda Read document Activity Passive participation Inteoact
mdr Modify document  Revision Information revision Contrilon
mda  Modify document  Activity Active participation Interdan

mde  Modify document  Evaluation  Task contribution Groupeetibn
rde Replace document Elaboration Information elaboration Effectiveness
rdc Replace document  Activity Active participation Intetian

rdv Replace document Evaluation  Task contribution Grotipcton

2.1). In this hierarchy, at a first level, the difference betwactiveandpassiveuser actions is considered depending on
whether or not the student contributes directly to achigtire group objective. At this same level, thepportiveaction
(i.e. help, motivation and encouragement) is also consaland constitutes another distinct category. Furtherctivea
action is particularized in proactive (i.e., the user taltesinitiative) and reactive (i.e., the user replies) winssive
actions distinguishes between receptive (i.e., the usalsrethers’ contributions) and organizational (i.e., dowtion)
actions. Note thaCLWorkspacen Figure 2.1 refers to the log file aggregating event infdiarmathat is generated in a
given workspace. Such a workspace may correspond to a whale gr to a phase within a group activity.

In order to correctly classify the user actions on the resesiduring group activity according to the event hierarahy,
classification process is proposed consisting in a codingree (see Table 2.4) for asynchronous environments based o
the conceptual model proposed. By means of this coding sehemah participants’ action is interpreted depending en th
type of event that was involved, such as in response to aqusgontribution. This represents the essential infolonati
the identification of the real intentions or skills shown hg user (e.g. creating a note during a debate can be intedpret
as either revision or reinforcement of the information depieg on whether the note was created in the context of a,reply
an observation, agreement, etc.). Then, the user evenimigpeely codified according to both the user action perfarme
and the real user skill identified in the context of the actibhus, for instance, creating a replying note is codifiedhwit
a unique code. Finally, the user event is categorized inéoadthe three above-mentioned group activity indicatoeg (s
Table 2.1 through Table 2.3) according to this coding schefoe more information on this classification process, see
Section 2.3 and Figure 2.2.

Given that this classification process is highly generity tire most abstract form of categorization is provided dase
on the above-mentioned generic event hierarchy (Figur@. ZHus, the specific applications using this process should
categorize their event information according to their ijoatérization of this categorization (e.g., the discusgioocess

that is analyzed in the next section). Note that althoughk jtdssible to use the same classification process for botf
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synchronous and asynchronous environments, this resedlfdiocus on the latter as this is still the most usual way
to collaborate in on-line collaborative learning enviramts and permits the complete automation of the classiicati
process. In contrast, in synchronous environments modgiisforocess has to be performed manually and it needs &

different coding scheme to codify the user actions.

2.1.4 Qualitative information

Finally, qualitative information aboigroup functioningandscaffoldingis also extracted by specifically designed struc-

tured and non structured questionnaires which are filledroym members at the end of each collaborative problem-
solving phase. Structured questionnaires provide a preste8et of answers to choose and as a result can be collecte
and processed by computers whereas non structured questempresent a high degree of informality and thus need to
be processed and interpreted manually. Table 2.5 showseaigepuestionnaire scheme which is eventually elaborated

and adapted to the particular problem-solving situation.

2.2 Modeling interaction in the discussion process

From the general indicators seen, this section examinepherisely learning and knowledge building can be suppanted
the specific case of an asynchronous collaborative dismugsia virtual learning environment (Cak@bt al., 2008a). To
this end, a conceptual sociolinguistic framework is defifoeanodeling dialogue and understanding how learning eslv
and how knowledge is constructed during the discussiongsocT his framework results from the particularizatiorhef t
general three indicators described in the last sections Whly, the specific interaction types identified here coordp
with the particular case of a collaborative discussion esscwhich is described next and represents the empiringdxio

of this thesis, serving to validate the general model pregos

2.2.1 Learn by discussion

The discussion process plays an important social task inLG8aere participants can think about the activity being
performed, collaborate with each other through the exchafgleas that may arise, propose new resolution mechanisms
as well as justify and refine their own contributions and thoguire new knowledge (Salomon, 1993). Indeed, learning
by discussion when applied to collaborative learning sées&an provide significant benefits for students in the ednt

of project-based collaboration learning, and in educatiageneral (Stahl, 2006).

Moreover, learn by discussion in the context of CSCL fits tilngent shifting from a traditional educational paradigm
(i.e., centered on the figure of a masterful instructor) tcearergent educational paradigm (Juan et al., 2008) which
considers students as active and central actors in themitgaprocess while the instructor’s role is moving from one
related to a knowledge transmission agent to another tetata specialist agent who designs the course, guidestsassis

and supervises the student’s learning process (Simonsin 2003).
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Table 2.5: A generic questionnaire scheme for extractiraigive information abougroup functioningandscaffolding

Actions carried out to plan, manage and make the group gcévolve (Text)

Actions carried out to organize and maintain the group waaks (Text)

Actions carried out to coordinate the group effectivelyxfe

Description of the most relevant conflicts encountered éngftoup and the way they were resolved (Text)

Assessment of own participation in the learning group (0 - 5)

Assessment of the level of engagement of the other group ®En(d - 5)

Description of the problems that affected group dynamidsiims of engagement, communication, organization, anchgdext)
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To this end, a complete discussion and reasoning processpsged based on three types of generic contributions,
namely specification, elaboration and consensus. Speitficaccurs during the initial stage of the process carried o
by the tutor or the group coordinator who contributes by diedirthe group activity and its objectives (i.e. statement
of the problem) and the way to structure it in sub activiti€&aboration refers to the participant contributions (rost
students) in which a proposal, idea or plan to get to the mwius brought up. The other participants can elaborate to
this proposal according to the different types of commutiveaacts the proposal can be structured, such as questions
comments, explanations and agree/disagree statememtallyFivhen a correct proposal of solution is achieved, the
consensus contributions take part to approve it (this agetuifferent consensus models such as voting); when dsolut
is accepted the discussion closes up (Cébeatlial., 2004).

In the real context of this thesis, which is the virtual léagrenvironment of the Open University of Catalonia (U®C)
most part of the courses’ curricula includes the partiegpadf students in on-line discussions with the aim of st@rin
and discussing their ideas and as a result acquiring momsledge. Given the added value of asynchronous discussion
groups and the extensive use of online debates, as one otihestaments of the UOC’s pedagogical model, it is essential
to provide adequate on-line tools to support the whole disiom process, which also includes students’ monitoriry an
evaluation.

Next, a complete and concrete interaction data analysiehuemhtered in the discussion process is described. Note
that this model is a subset of the general model describdtkipitevious subsection. The ultimate aim is to validate the
general model by providing theoretical and empirical wankaoconcrete and practical aspect of interaction data asalys

and management.

2.2.2 A model for managing a discussion process

One important issue to consider in the context of a discagsiocess is the types of interaction that occur and subse-
guently the knowledge which is manifested in an asynchrsigollaborative discussion. This approach aims at idantify

the various types of interaction produced and examining dnowteraction type is related to the learning that resuttsf

it. As a result, this framework allows the study of how knoglde is transformed and becomes common to all discussion
members (Cabadl at el., 2008a).

In particular, this section examines how the building arstritiution of knowledge is manifested in the context of
student-student interaction and how it can be studied intaalilearning environment. This involves the definition of
appropriate collaborative learning situations and thérdison of two levels of student interaction, the discauand the
action level.

At the discourse level, the essential element is the intierm@among peers (participants need to interact with each
other to plan an activity, distribute tasks, explain, dlagive information and opinions, elicit information, dvate and

contribute to the resolution of problematic issues, andrgo At the action level, task objects (e.g., documents, lyjcx)

lthe UOC is found at http://www.uoc.edu. The UOC offers fisitence education through the Internet to more than 45,00@sts
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are created and manipulated. This approach focuses mdre ahalysis of the discourse level by seeing discourse as ¢

medium and means through which the building and distriloutiocognition is effected.

To satisfy course assessment requirements, discoursébeions also need to be evaluated as effectively as possi-
ble. Evaluation of hundreds of contributions in a multi-niEmndiscussion can be a tedious task for tutors and should be
adequately supported. Moreover, self and peer assesshwmiritl $e also encouraged and facilitated by intuitive means
Then, a dialogue model of asynchronous discourse is to hade, which is capable of capturing, analyzing and evalu-
ating both the process and the result of the building andiilligion of knowledge. This model should be mainly defined

in terms of types and structure of student-student intemact

In particular, the framework proposed in this paper to supihis model is based on an integration of several models
and methods: the Negotiation Linguistic Exchange ModelrfMa1992); a model of Discourse Contributions (Clark
and Schaefer, 1989); and, the types of learning actionsriyimaig a participant turn (Self, 1994). The structure of ado
interaction is constructed cooperatively by using the arge as the basic unit for communicating knowledge. Foligwi
Martin (1992), three general exchange structure categarieconsidered: give-information exchange, elicit+imiation
exchange and raise-an-issue exchange, which consisterfedit types of moves (Schwartz, 1999) and describe a generi
discourse goal. More specifically, the goal of the actor wiitiates the give-information exchange is to inform his/he
partners about a certain situation with the aim to changep#iteners’ mental states. Informing includes moves that
explain, give an opinion, describe or remind a situationiffecent ways. The actor goal of the second exchange is to
elicit the partners’ state of mind (knowledge, beliefsitadie, desire or abilities) of a situation which the actanas aware
or certain about. The actor goal of the third exchange isigeran issue (a problem or question) to be resolved by the

participants, which causes to explore their state of mimb\{Kedge, beliefs, etc.).

According to Martin (1992), there is a move that constitutes "obligatory move” of the exchange, since it either
carries or indicates completion of the discourse goal foictvithe exchange is initiated. The obligatory move of each
of the above exchanges is: the first move of the give-infolmmatxchange, the second move of the elicit-information

exchange and the third move of the ascertain-informatiehange.

According to Clark and Schaefer (1989), each move is seencastaibution to discourse. This means that in a
cooperative conversation, contributions are regardedbesctive acts performed by the participants working tbget
resulting in units of conversation - typically turns (moyeshat aim to make a success of the discourse they compose

Yet, not all moves contribute in the same way toward the sssfabcompletion of the exchange.

Some moves have a pure contributing function toward thézegadn of the obligatory move of the exchange. This is
the case of the first move of the elicit-information excharagewell as of the first and the second moves of the ascertain:
information exchange. In fact, without the presence of¢hosves, the obligatory move cannot be realized; thus, those
moves really contribute toward the realization of the dditiigy move. Consequently, it is stated that successfukegain
of the obligatory move conveys evidence of (initial) suscethe exchange (Clark and Schaefer, 1989). In contrast,

the other moves have a rather supporting function (prowvigeace of support) toward the definite completion of the
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obligatory move and consequently of the exchange. Thisdésctise of the follow-up moves of the three exchanges.
Supporting moves are optional, so they may not be realizeduth a case, they convey an implicit support toward the

obligatory move, that is, toward the definitive completidriite exchange.

Based on the work of Self (1994), Pilkington (1999), and &q[2001), partners are involved in a process of realizing
a number of learning actions which lead to the completiorheféxchange goal. Each move type captures and controls
the evolution of the learning action performed by a partiaipby setting the expectations of the type of learning astio

which has to be realized next by the other participants dttlleegoal set by the initial move be accomplished.

Both the quantity and the quality of the several move typefopmed are measured by the collaborative effort of the
members involved to achieve the discourse goal of an exehahle term collaborative effort means both the number
of contributing and supporting moves issued by a partidipamich indicates an active participation (distinguighin
between proactive and reactive one) or passive one, angpbkeand effectiveness of these moves (which indicates the
way a participant contributes toward the achievement obtteged discourse goal, as regards knowledge possession ar
transfer, reasoning capability and positive attitude)e Tiitor measures move effectiveness by assessing theyqofalit
their content. In addition, peer assessment can be effextmmmplete the evaluation of each contribution made. Thee ro
these moves plays in the exchange as well as the degree eksuafchat role determine the successful completion of the

exchange goal.

Completion of an exchange expresses the mutual belief$ pasicipants about the accomplishment of its discourse
goal. Moreover, it implies the achievement of a certain degf knowledge building and distribution among the differe
participants. This degree can be deduced and measured lpyriegpthe principal interaction indicators proposed by
this model. For each participant the model measures: thérnamber of moves created, his/her participation behavior
(proactive, reactive, supportive, or passive), the effeness and impact that each move has in the discourse ahd in t
achievement of the current discourse goal, as well as tHaati@n of the move content and significance by his/her peers

and the tutor.

In general, the three types of exchanges represent stadidaiirse structures for handling information and sugagest
certain type of knowledge building, as a result of giving efiditing information or working out a solution on an issu s
up. These discursive structures enable the participamékeécturns, share information, exchange views, monitovidie
done and plan ahead. Most importantly, they provide a meanspresent and operationalize the cognitive product at
individual level, that is, the way the reasoning processsgiluted over the participants as it is shared in a collatice

discourse.

Consequently, interaction analysis takes into accourit tie way the interaction is structured and the types of con-
tributions which are explicitly defined and expressed (sd#el 2.6). The analysis of these interactions yields veejuls
conclusions on aspects such as individual and group warllyrtgamics, performance and success, which allows the tutor
to obtain a global account of the progress of the individual group work and thus to identify possible conflicts and

monitor the whole learning process much better.
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Table 2.6: List of the exchange moves and categories toifyl@ssontribution.

Moves Categories

support Greeting
Encouragement
Motivation

request REQUEST-Information
REQUEST-Elaboration
REQUEST-Clarification
REQUEST-Justification
REQUEST-Opinion
REQUEST-lllustration

inform INFORM-Extend
INFORM-Lead
INFORM-Suggest
INFORM-Elaboration
INFORM-Explain/Clarification
INFORM-Justify
INFORM-State
INFORM-Agree
INFORM-Disagree

set-up-an-issue PROBLEM-Statement

provide-solution PROBLEM-Solution

consent-solution PROBLEM-Extend solution
PROBLEM-Assent solution

A further innovation of this model is that it allows partieipts to end up an exchange which took several moves to
conclude by "replaying” the main contributing move of theckange. For instance, in a set-up-an-issue exchange, :
solution move may not be sufficiently complete and thus h&etfurther elaborated, corrected or extended. To that end,
another participant has the option to provide an amplifiytsmn move which completes the initial solution. In gerigaa
replaymove can be used to resume all the changes produced fronittaksippearance of an exchange goal to be achieved
to its final conclusion and acceptance by all participantss Tan be useful both to reinforce the fact that the goal f th
exchange has been completed successfully and to expliuiigate the progress achieved in the participants’ pioés
knowledge building (especially as regards the participdra provided the main contributing move of the exchange). A
complete set of categories or types of contributions anattimeext of moves where they are found is proposed in Table
2.6

Finally, the system requires the participant to commitaiaraction to indicate s/he has read a certain contribution,
such as send a reply and assent the contribution. The ainthigdprovide reliable indicators on the number of contribu-

tions read and to promote the discussion’s dynamics by asang the users’ interaction with the system.

2.2.3 Indicators used to assess participation behavior, kawledge building and performance

Based on the categories of contributions identified in Tahi the definition and measurement of the indicators used to

assess participation behavior, knowledge building anfbpaance are discussed here.

e Participation behavior indicators are distinguished intoactive reactiveand supportive(or assentive Partici-
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pants are proactive when they take the initiative to openva@ahange of the typgive-information or raise-
an-issue Participants are reactive when they reply to moves sucHieisinformation set-up-an issue/problem
or provide-solution.Participants are supportive if they give their assent toiptes contributions. In that case, a
supporting value is defined which is assigned a default nigaderalue 1 which means that the move fully supports
and recognizes the value, contribution and effectivenkagrevious move it refers to. If several supporting moves
refer to a particular move M, it implies a broader consenfimiaithe impact of M, which increases M’s impact

value to 1.

e Passiveparticipants are considered those who just read otherstibations, as well as the ones who also evaluate
the usefulness of these contributions. Passivity becomessential indicator for the discussion process’ dynamics
as it identifies certain important profiles of the participasuch as arrogance (participant who just contributes
but does not read the contributions of others) and also piesneactive attitudes and social grounding skills

(Daradoumis et al., 2006) by engaging the participant irctiilaborative process.

e Theimpactvalue is assigned an initial (default) numerical value leetw0 and 1 which is modified (increased or
decreased) according to the impact (number of reactiorsvext) that the move M has on the dialogue and on the
achievement of the current discourse goal and task. If thetien is positive (the move M is being assented), then
M receives a positive one (+1) point. If the reaction is negaM is not assented) then it receives a negative 0.5
points. The points received by a reaction move depends otypleeof learning action underlying the move and
take on the default value of the move’s impact value. The fiaale is obtained by the mean value of all moves

involved in move M.

e Theeffectivenesgalue of a move is calculated by the mean value of the numtessEint moves received. An assent
move M is identified and recorded after a participant receMeand consents it. Note that only give-information
and raise-an-issue exchange acts can be assented. A aeggs@nt requires a reply move on M to provide further

information to reason why M has not been assented, whichrgezzeanother move in the current discourse.

e Tutor and peeassessmenhdicators are to evaluate both the quality of the contidnis content by the lecturer
monitoring the discussion process and the usefulness afthteibution by the student participating in the discus-

sion. Both indicators are on the scale 0-10 so as to be aecuarptoviding mean values of them.

All these quantitative and qualitative indicators are towmghted adequately according to the specific goals and
procedures of each discussion. To that end, a fully custmnlezenvironment is necessary to parameterize and adglst ea
indicator with an appropriate weight by the tutor at any mohwe the discussion process.

So far it has been shown how the information generated ialsothtive learning activities can be captured, structured
and classified at several descriptive levels. This fact égmificantly improve the way a groupware system used for
learning and instruction can collect all the necessaryimédion produced from the user-user and user-system atiena

in an efficient manner. The next problem is how to analyzerif@nation stored and to consider what kind of knowledge
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should be extracted to be fed back to the participants inrdaderovide the best possible support and monitoring of
their learning and instructional processes; that is, et@hknowledge that is relevant and applicable to the neetls b

of students and tutors. Finally, there is a need to providefficient and robust computational approach that enabées th
embedding of the collected information and the extractenMedge into a CSCL application. Next section outlines the

conceptual approach followed which is then implementedtiager 3.

2.3 A process for embedding information and knowledge about group activity

This section presents a process to provide a learning grathpre&levant knowledge extracted from learners’ intei@cti
data in CSCL applications for awareness, feedback and ororgtpurposes (Cabéllet al., 2007f; Cabdll et al., 2006;
Cabalk et al., 2005a). The aim is to greatly improve the effecasof the learning exercise.

Here, two difficult problems are to be faced: First, the peoblof how to define an efficient process of embedding
information and knowledge into a computer-mediated coltabon given that several essential steps need taking into
account. Second, how to give relevant and semanticallyngted feedback on what is happening in a collaborative
learning framework to students and teachers in order tavdliem eventually to modify the on-going activity. A solutio
to the first problem is discussed while providing some sutiges as how to deal with the second.

To manage and provide adequate information and knowledgeciwllaborative learning environment, a process is
presented consisting of three separate, necessary stfgextion of information, analysis and presentation (sigife
2.1 and Cabal et al., 2007f). The entire process fails if any one of theéspssis omitted. During the first step, a
structuring and classification of the generated event imé&tion is needed. This information is then analyzed in order
to extract the desired knowledge. The final step is to prougkss with the essential awareness and feedback from the

obtained knowledge. Each of the three stages is next deslrilturn.

2.3.1 The collection and classification of event information

The most important issue while monitoring group activitytie collection and storage of a large amount of event infor-
mation generated by the high degree of interaction amongritigp participants. Such a large amount of informational
data may need a long time to be processed. Therefore, calalmlearning systems have to be designed in a way that
classifies and pre-structures the resulting informatiasrdter, on the one hand, to correctly collect the group agtand,

on the other hand, to increase the efficiency during dataggsicg in terms of analysis techniques and interpretations
Due to its importance, the processing step is treated inl detier. As shown in the previous section classificationief t
information is achieved by distinguishing several highigd-nand low-level indicators of effective collaborationaged

on this, users’ particular actions are further categoremad specified according to the following criteria:
e Who is doing something? (i.e. the originator of the event).

e When did s/he do it? (i.e. timestamp).
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e Where does s/he do it? (i.e. the location of the affected respu
e What is s/he doing? (i.e. the action type and the object ira)lv

e Why did s/he do it? (i.e. student intentions and motivationclwlare captured by the indicators associated with
each action; e.g., a user performs the action "create daatinmeorder to generate new information in the shared

workspace).

The aim of this stage is to provide a guideline to correctdssify the user actions on the resources during group
activity. To this end, a classification process is proposediich the event information collected from the log files
is handled in sequential steps consisting of extractioantification, coding, and categorization (see Figure 218).
particular, first the specific action performed by a user asaurce is extracted (e.g. file document, debate, etc.pnfec
this action is then interpreted according to the type of eWleat was involved in (this information is provided either
implicitly by the system according to the context where tbéaa was triggered or explicitly by the user who triggered
it). This provides the basic information that is used for ithentification of the real intentions or skills shown by the
user (e.g. creating a contribution during a debate can keprdted as either revision or reinforcement of the infdroma
depending on whether the contribution was created in theegbof a reply or as an observation). Subsequently, the user
event is codified taking into account both the user actionthagtvent type by associating a unique code to the user skill
identified in the context of the action. Finally, the userrgis categorized into one of the group activity indicatcefined
in Chapter 1 and shown in Figure 2.1.

On the other hand, information from on-line synchronoudataration is characterized by the spontaneous inter-
actions of their participants. Dealing with this infornmatiis a difficult task due to the informality of the participisin
contributions, so free dialogue is usually treated by a raboiucontrolled semi-automated manner. In order to inc@igo
this kind of information in the automated quantitative msg of analysis proposed, the information is to be strudture
in some way so that it can be collected and processed by censputo this end, before carrying out a contribution,
participants are urged to label their dialogue moves adegrt the indicators discussed in Section 2. This labeléat-in
mation is then classified according to the three categofitteeanodel, forming a data source which can be processed anc
analyzed in a similar way as the asynchronous informatiotio(ing the processing and analysis steps in Figure 2.2).
Note that sometimes participants might not label their @bations correctly which may result in introducing wrongtd
in the analysis process. For this reason, this step needarhsapervision to guarantee the reliability of the inforiorat

collected.

2.3.2 Efficient processing of the information

Due to the large amount of event information generated in IC&gplications, once this information activity has been
correctly collected and classified the issue of demandimgpeaational requirements may come across while processing

this information. In order to facilitate this step, CSCL ipgtions may structure this information as log files in a way
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that takes advantage of the parallelism in order to prooegsal files (e.g. all the groups in a classroom) at the same
time and thus dramatically reduce the overall computatitime to process them (Cabalet al., 2008a). As a result, it is
possible for these applications to process a large volumeltafboration activity data and make the extracted infdioma
available even in real time. Note that this step is optioni#hiw this process of embedding information and knowledge
and it is pro-posed for efficiency purposes only.

To this end, the following generic steps are proposed so asnectly structure the event information for later
processing (see Figure 2.2, Cabadt al., 2007a, and Chapter 4): by classifying the eventrimdition and turning it into
persistent data, it is stored in the system as structuresd fiteese files contain all the information previously cdkec
from the system log files in specified fields. These structfileslare structured in accordance with certain criteridngsc
time and workspace, which characterize all group collaiimmaThe goal is to achieve a high degree of granularity gf lo
files. Thus, during later data processing, it is possibl@t@atenate several structured files so as to obtain the e
degree of granularity (e.g. all groups in a classroom foheidthours). This makes it possible to efficiently paralkeliz
data processing depending on the characteristics of th@uational resources. To resume, the process of embedding
information and knowledge into collaborative learning laggiions came to the point where the information generated
by group activity has been collected, classified and wellestired so that it can be easily and efficiently processed
and analyzed during the second stage of this process. Hye & presented next whose purpose is to extract relevan

knowledge to be fed back to the participants.

2.3.3 Data analysis and extraction of knowledge

The next stage of this process consists of processing ailhtbemation previously collected and classified accordimg
the indicators mentioned before by means of analysis tgalsi(Cabad et al., 2007f). As a consequence of this analysis,
knowledge is generated providing meta-cognition abousthge and evolution of interaction, which enhances awarene
about the efficiency of group activity, group behavior argitidividual attitudes of its members in shared workspaces.
Knowledge extraction is based on criteria related to theelsocio-cognitive functions that operate simultaneously
during group interaction, namely production function, grovell-being and member support and their associated indi-
cators. In that sense, as regards the production functimowledge is extracted by constantly observing the members’
activities (e.g. showing each group member’s absolute aladive amount of contributions) or the status of shared re-
sources. In addition, knowledge that is relevant to indiaidand group well-being can be obtained by exploring the
communication and interaction flow among group membersh(sgscmembers’ motivational and emotional state, com-
parative studies of effective and ineffective groups anamsp Finally, knowledge can be acquired by ill-functioning
situations, such as missing or insufficient contributidask of participation, etc., which can reveal the need fdping
individual members by providing them specific scaffoldinigere and when this is necessary (i.e. member support).
The definition of a variety of indicators at several levelgle$cription determines the granularity of information éo b

transmitted to the interested parties. In other words, dasea model of desired interaction (establishing a comearis
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of the current and desired state of interaction), the arsafygproach detects and highlights the indicators whiclewet
satisfied and need to be corrected by redirecting group atiddual attitudes. These indicators reveal those aspdcts
the collaborative learning activity (task performanceugr functioning, or scaffolding) that present problems aadd
to be corrected adequately. Thus, they set up rules andsfiliesrder to extract and summarize only that information
which refers to the malfunctioning aspect. The summariréatination is finally transformed into useful knowledgettha
is communicated to and acquired by the group members whda tesiriprove the performance of the problematic aspect.
Therefore, this approach enables group members to becoare afvthe progress of their peers in performing the
learning exercise both at individual and group level, ad asbf the extent to which other members are participatirigen
collaborative process as this influences their decisionimgalicGrath, 1991). Moreover, this approach providesrgito
with information about students’ problem-solving behayigroup processing and performance analysis (Dillenhourg
1999) for assessment and guiding purposes (Daradoumis 208B). This approach is presented below and constitutes

the last stage of the process of embedding information and/leage into CSCL applications.

2.3.4 Presentation of the knowledge acquired

Here the problem consists in identifying the roles and neddsach learner and the tutor in every moment and being
able to decide what information is required to be providedwhich granularity and how to present it. For example,
the knowledge obtained from the interaction analysis shbeltailored in such a way that the support provided for self-
regulation or peer assessment is adapted to the role theetgalays at a particular moment. In that way, scaffolding
information would be different for a learner playing a caaedor role from one that plays a software designer role.
Moreover, the format used to present the information coald/ yfrom case to case. Consequently, several levels are
defined that dictate how the acquired knowledge is to be ptedgthat is, at what format and detail level (Cabei al.,
2007f):

e Awareness level At this level, participants have to be informed about whaidsg on in their shared workspace,
providing information about their own actions or the actiasf their peers, or presenting a view of the group
interaction, behavior and performance (Gutwin et al., 2996 this end plane indicator values are displayed that
show the state and specific aspect of the collaborative itginteraction and processes that take place. The

information presented to the learner can support him/hamagta-cognitive level.

e Assessment levelAt this level, data and elements to assess the collabo@tiagty are provided, so the indicators
used are associated with specific weights that measureghiéichnce of each indicator in the assessment process
As in the previous case, the information provided acts at @+oegnitive level, giving the actors the possibility to

evaluate their own actions and behavior as well as the pedoce of their peers and the group as a whole.

e Scaffolding (or Guiding) level. Supporting participants during collaborative activities become a main concern

of current research (Zumbach et al., 2003; Ellis et al., 1981 this level, information aiming at guiding, orienting
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and supporting students in their activity are produceds Tformation is determined by the unsatisfied indicators
and helps students to diagnose problematic situationseifidstimate the appropriateness of their participation i

a collaborative activity as well as to counsel their peersmdver insufficient collaboration is detected.

In this section the conceptual process is discussed thaeddfiow the embedding of information and knowledge can
take place in a CSCL application in an efficient manner and inguortant it is to consider this knowledge as a means to
providing awareness, feedback as well as individual andgnoonitoring.

Next chapter moves to discuss the implementation of thisggtual approach by means of a computational model
based on a generic platform that is used both for the systemhabnstruction of CSCL applications and for embedding
information and knowledge from group activity into them.i§ platform is presented from both the software engineering

and knowledge management perspective in the context of $#tel @lomain.
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Chapter 3

A reused-based CSCL computational model

The development of a clear and well-structured conceptealainsuch as that seen in the previous chapter constitutes
principled manner for the design of a computational modal implements the process of embedding information and
knowledge into a CSCL application. Indeed, the provisiomminnovative and effective mechanism that structures and
classifies the information into high-level collaborativ®gesses whereas it identifies potential mid- and low-laait
cators that measure and evaluate each process. This m&ohemitributes and facilitates the building of a portable,
general and reusable collaborative learning ontologyHerrepresentation, learning and inference of knowledgetabo
each collaborative process. This allows for the design oéféective computational model that reflects and describes
task performance, individual and group behavior, intéoactlynamics, members’ relationships and group support as
accurately as possible. In addition, this generic, robodtrausable platform can be used for the systematic construc
tion of CSCL applications endowed with enriched capabditior providing more efficient knowledge management and
scaffolding (awareness, feedback and group monitoringjjs Thapter is going to focus on the former issue while the
following chapters address the latter. To this end, in thispter, an in-depth research is provided first on the foligwi
issues Generic Programming, Service-Oriented Architectand Model-Driven Architecture. This study becomes the

very rationale of the CSCL platform presented in this chapte

3.1 Generic Programming

In traditional forms of engineering, productivity, qusland cost are such important factors in industrial procetss the

very survival of companies depends upon them. For this reageat efforts have been made to improve the techniques.
methods and tools which are available for product developrared the results have clearly been spectacular. However.
in the case of software development similar progress haseet made so far even though there is no essential difference
with other forms of engineering. Indeed, the fact that ticbm®logy is more recent and the product is highly complex may

explain the reasons, but the key is doubtless to be founckifattt that the concept of reusability has not been suffilgient
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exploited.

The reuse of previously created product parts leads to estlcmsts and improved productivity and quality to such an
extent that industrial processes will take a great leapdodwin all advanced forms of engineering new products are us
ally developed by reusing tried and tested parts but in sofivengineering it seems that new products are almost alway:
developed from scratch. To benefit from the advantages afatslity it is necessary to develop better methodologies
such as Generic Programming (GP) that facilitate this pdigi GP when applied in the context of computer software
development is an innovative paradigm that attempts to reeke/are as general as possible without losing efficiertcy. |
achieves its goal by identifying interrelated high-leaainfly from a common requirement set. By the application & th
technique, especially in design phases, software is deedloffering a high degree of abstraction which is applieabl

a wide range of situations and domains.

3.1.1 Objectives

By applying GP to develop computer software important dbjes are achieved (Caballand Xhafa, 2003b; Caball
2008d):

e Reuse This is the main reason for applying GP ideas. The real tibgechowever, is to be able to reuse and
extend software components widely so that it adapts to & greaber of interrelated problems. This concept of

reutilization is much broader than has been seen until now.

e Quality. Due to the great potential for reutilization of GP, it is essary to guarantee maximum quality. Here
quality refers to the correctness and robustness of implementatiarh provides the required degree of reliability.
Furthermore, GP provides innate reliability as the impletatons are nothing more than skeletons, without details,

and as such are simpler to construct during the codificati@s@ and hence can be produced with minimal errors.

e Efficiency. As in the case of the quality, the efficiency of component® ise guaranteed as if this not done the

performance repercussions will be noted, just as with ldduality, in all of the systems involved.

e Productivity . Inherent to reutilization is the saving through not haviogreate software components again that
already exist. Hence, there is an increase in computinguetah, which is one of the benefits that GP seeks in

order to bring the production potential of computing apgtiiens as in other industries.

e Automatisation. Here the aim is to automatise the processes so that geeegratements with a high level of
abstraction and specially designed tools can be used tapeogperative programmes. GP provides the skeleton
for the initial generic requirements. The resulting pragnae will be the base for other more specific programmes
which in turn will construct others following a cascade @®s thus giving a more solid base permitting more

automatization.
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e Personalization As the general requirements are made more particular.espridduct that is generated becomes
more optimized to meet the specific needs of the client. G&hniahes largely in a first phase of this abstrac-
tion/specialization/ personalization cycle by identifyithe abstractions and supplying a first level of specittina

this is a great challenge of the software industry.

GP also represents one important technique to achievetieffderoduct Lines following the Product-Line Archi-
tecture(PLA) approach (Czarnecki and Eisenecker, 2000 ffomotes developing large families of related software
applications quickly and cheaply from reusable componeltsPLA, a certain level of automation is provided in the
form of generators (also known as component configuratiols}do realize solutions for large parts of the systemsdpein

developed.

3.1.2 An application example

The development of applications based on GP not only hasrdigal advantage of improved productivity but also
results in software that is more robust and reliable. Caraiole research has already been done into the constructiol
of libraries of generic data structures based entirely on(&Bndard Template Library (Musser et al., 2002) and Data
Structures and Algorithms in Java (Goodrich and Tamas$i@] Rbut very little has been done into the development of
computer systems.

In order to validate the approach, previous research (Gahatl Xhafa, 2003a; Cabaland Xhafa, 2003b) considered
the construction of a software platform called General Bseg_ibrary (GPL). See Appendix B for a technical overview
of this platform. The GPL is made up of components of greaglyayic use that creates the skeleton for the construction
of complex systems requiring the management of the usersarting with the system and optimization of the system’s
resources. The aim of this study was to investigate theligi@giof the design of generic software as the basis of caxpl
and extensive domain computer systems. The library waslbas¢he GP paradigm as the aim was to encourage the
greatest possible reusability of its own generic compan@artthe development of the specific computer systems highly
complex. The first step was to identify those parts which areraon to most applications of this domain and then proceed
to isolate the fundamental parts in the form of abstractivos which the basic requirements were obtained. Once
a logical division into components and subsystems was mealsh component was analyzed and designed separatel
employing OO methodology. In order to maintain intact theasl of GP design that were found, an implicit logical
layer was implemented that creates a correspondence bethe&P design and the OO design. Since Java has a gree
predisposition to adapting and correctly transmittingghtdegree of abstraction and make the software reusabla€ab
and Xhafa, 2003a), this library was implemented in this piogming language. As a result, the advantages that GP offer:
with regard to quality, efficiency, productivity and so oroyides a solid basis for the construction of specific sofewar

that is faster, more efficient and highly reliable.

1see API at: http://cv.uoc.edidaballe/tfc/api (Web page as of April 2008).
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Figure 3.1: Class diagram for GenericUserManagement Stersy

The GPL library (Caball and Xhafa, 2003b, Caballand Xhafa, 2003c) is made up of three components which

constitute the skeleton of the basic structure of whateppli@tion is constructed using this library.

e TheUserscomponent. It is made up of two subsystems:

— The GenericUserManagemestibsystem administer the basic elements participatingeimtministration of
the users of a computing system. The concept of generic epeegents a person, group, device, system,
organization etc., which is able to have multiple idensitieSo, for example, if the user is a person, the
identities can be the name of the person, his/her natiopatityy number, his/her social security number etc.
Each identity represents a role of the user in a specifimggtib, the same user is able to have multiple roles.
In the same way an identity is unique both at user level antdimvihe group of all the users of the system.
A generic user may also have multiple authenticators whietbath public and private so as to validate each
one of the aforementioned identities. The private keys efatthenticators will be encrypted for security,
leaving users free to choose and implement the encryptgorighim that best fits their particular needs. So,
the Generic User entity will collect all the information thaavailable about a user of a computing system so
as to be able to use it in the construction of most computimdjegtions involving user interaction (see Figure

3.1).

— The UserProfileManagemergubsystem is designed to manage user profiles with infoomagigarding the
users’ personalization of the setting @nvironment By user profileit is understood the information which

specifies how a specific user performs within the system. iifosmation is obtained through the elements of
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the profile where each element specifies a particular pieodarmation about the user (alias, language, font
and letter size, colors, etc.), which is modeled as an El&mefile. The sum of all of these ElementProfile
forms the UserProfile. Each user may belong to one or moregueaps in order to share information (e.g. a

team carrying out a project, a set of devices sharing the siatae etc.).

e The Security component. It is made up of two subsystems containing a &dtdption of the measures taken and
rules adopted in order to protect the system resourcessighendeliberate or accidental ill use by the users and to

protect against unauthorised access to the system.

— The AuthenticationManagemesubsystem is designed to identify the user wishing to ehteisystem and
manages the start up and close down procedures of usersiizetdpy the system. The generic process of
authentication consists of startindgJaerSessiom which, firstly, an uninitiated user session is createdr&he
the user’s authentication credentials are required. Usesent their Identity together with their Authentica-
tors as entry parameters. From the identity, BerericUseris identified and the Authenticator stored in the

system is compared with that which has been supplied by teamnsl its validity is checked.

— TheAuthorisationManagemesubsystem has the main aim of administering the systemigisgcode. This
code is made up of all the norms and rules of security estaalin the system and amounts to the system’s
security policy.Security policymeans all of the norms and declarations specified to deteremitry to valuable
resources of the system. This information will essentialfise from permission granted to users to enter
specific resources through specific actions. The aim is td mtry to the system’s valuable resources to
users. Granting permission to a specific user will entailakgignation of a privilege level to the user in
guestion based on the existing information. These priesagill be assigned during the start up of the session

once the user has successfully been authenticated.

e TheControl component is made up of two subsystems containing thoseete{eé.g., log file) and processes (e.g.,
calculation of statistics) used in the control and mainteeaof the system to administer the available resources

correctly. It aims to improve both performance and security

— TheMonitoringManagementSystemas the main aim of administering all of the data producedbysystem
itself as a result of the events occurring during normal Udee key entity of this subsystem is th#istory
made up by the file log which records all movements and ind¢gierthe day-to-day operations of the system
such as the start up and close down of user sessions, entegairces, failed authentication, and system
errors. Each one of these events is recorded iklamentLogentity containing the date and time the event
occurs together with a textual description. So, igtory entity contains all information affecting the system

generated by its normal use (see Figure 3.2).

— The PerformanceControlManagemesiibsystem has the main aim of administering and maintathiegta-

tistical studies resulting from the system’s own data fraranes generated by the functioning of the system
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and stored in thelistory. TheStatisticsentity will provide the ability to extract useful informati about these

events that will lead to determine the level of performanue reliability of the critical parts of the system.

One Statisticsentity will contain the data of the History which, togetheittwa Criteria entity, will act as a

source of reference for the extraction of the informatiagquieed. TheCriteria entity may be multiple taking

in different attributes or fields of thidistory so as to construct complex consultations that will give aitksd

knowledge of the workings of the system. The statisticalltesnay be offered in different formats depending

on the system’s needs and ability to visualize including tesm, html, graph (bar charts, pie charts, etc.) and

other available formats. These results will make it possiblelaborate detailed reports into the state of the

system that will show the way to making appropriate coreito system deviations and to carrying out any

necessary improvements.
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The user interfacds generically focused so as to make particularization apbic and text modes possible. Even

though, in these environments, the user interface willdgity be in graphic mode, it is necessary to consider thigats

tion in order to make the logical part of the application ipeledent from the specific design of the graphic user interfac

The design of the persistence is also generic and diskamanagebstraction has been considered to act as a bridge

between the future application and its data to make the dedithe persistence independent from the specific techgolog

that will manage the data and allow the treatment of bothnangi text files and the database during particularization.

Finally, a complete hierarchy of exception provides a higgrde of reliability without depending on the error treatie

of the specific platform supporting the software.

This approach may be applied to a very large number of peatesypiplications making it possible to be benefit from
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reuse a great deal. Indeed, the following requirementsoanedf extremely often while facing a new application and may

be met by using the GPL library:
e Management of users, their profile and workspaces as welkasystem resources.

e Login/logout mechanisms to validate users. Protect theesyfrom both the unknown users and the intentional or

accidental bad use of its resources.

¢ |dentification and the notification of recent events and thesaltation of the system events history in order to

extract statistics about any time period of the systenes lif

During an application construction that matches theseireapents, it can be checked how even in design phases the GPI
library adapts perfectly thanks to a good matching of thaseegc entities proposed with the instantiation of thosdena
here. For example, hoBenericUsematches with whatever user type is found in a any applicdsmygle users, groups,
etc.) anddentitybecomes the unique identifier of the user (e.qg., e-mail addsecial security number, etc.) and also how
ElementLoggathers all the information needed to identify the systesménts from which it is possible to carry out their
notification to the rest of the users. With regards to funwliy, the generic processes are also well-matched wehip
ones such adutenticationValidationwhich once instantiated, permits carrying out user autba&tion and accessing to
their own workspace and resources. Tiser interfaces instantiated in a graphic mode taking advantage of therigty
of the library. Regarding the persistencgenericDiskManageabstraction is available and its specialisations which
represent a bridge that keeps the logic of the applicatidepandent from its data allowing for persistence in diffiere
models.

Next sections take this generic approach so as to presemtieupsrization of the GPL platform as a fully reused its
components in the CSCL domain. The outcome of the approacigéneric, highly reusable platform for the systematic

construction of collaborative learning applications.

3.2 A generic gaze at the collaborative learning applications

In this section, a generic view of the CSCL domain is given hglgzing and taking into account the commonality found
in the requirements of most of collaborative learning emwinents and, in particular, the provision of efficient knedde

to CSCL applications.

3.2.1 Common basis for CSCL applications

In the last years there has been an explosion of new CSCLcatiplis aiming to create collaborative learning envi-
ronments where students, teachers, tutors, etc., arembteperate with each other in order to accomplish a common
learning goal. To achieve this goal, the collaborative i@pgibns must provide support to three essential aspectsd

nation, collaboration and communication; with communarabeing the base for reaching coordination and collabmrat
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(Cabalk et al., 2004). Collaboration and communication mighsyrechronousr asynchronousThe former means co-
operation at the same time with typically fine-grained nedifions giving immediate feedback about the activitiestbén
participants whereby the shared resource (such as a tedtréot and a message) will not have a lifespan beyond the

sharing. The latter means cooperation at different timelstiaa shared resource will be stored in a persistent support.

Figure 3.3: The essential aspects in any collaborativeiegrapplication.

The different areas overlap each other (see Figure 3.3)@ndalaborative system must support all the three aspects

(Ochoa et al., 2002; Cabalkt al., 2004):

e Coordinationis an important aspect of any collaborative activity. Itastthe combination and sequencing of
otherwise independent work toward the accomplishment afgel goal. In a collaborative learning environment,
coordination mostly refers to the tasks toward the leargimyip formation and the definition and planning of the
group objectives. Moreover, the group coordinator maykitask status, deadlines, resource usage, working results

or other critical process parameters to correctly lead thay

e Collaborationrelies on students sharing all kind of documents. The sharfrresources between several partici-
pants is therefore a central functionality of CSCL syste8fsaring may be synchronous, with several participants
accessing the same resource at the same time (that is, thi&yowdhe same copy of the document), or asyn-
chronous, with different participants accessing the samseurce at different times (each of them works on a

different copy of the same document).

e Communicatioms another functional aspect of collaboration systemsrairo support the communication between
two or more collaborative learning participants. Commatian includes text messages, spoken interactions, or

non-verbal exchanges like gestures in a video conferenami@, 2002). Communication may take place asyn-



A reused-based CSCL computational model 55

chronously (different participants communicate at défartimes such as email, debate, etc.) or synchronously
(participants communicate at the same time such as cha&o wadnference, etc.). The communication support is
based on four elements involved: a message as the informedioier between a sender process and a recipient
process (which receives and possibly process the messagayh a channel (Ochoa et al., 2002). Moreover, in
this context, it is necessary to implement different waysiesage addressing such as point-to-point, multicast anc

broadcast.

e Awarenesss essential for any of the three forms of cooperation se@veablt allows for implicit coordination
of collaborative learning, opportunities for informal,osplaneous communication and gives users the necessar
feedbackabout what is happening in the system. In particular, on treeland, synchronous awareness lets users
know exactly what other co-participants are doing (e.gindua shared editing session shows who is editing what)
and when documents are in use by others. On the other hamathasypous awareness determines who, when,, how

and where shared resources have been created, changed by i&hers.

In order to improve the collaboration within a group it is ionfant to take into account both current and future behavior
of all user types and the fact that user objectives or inb@stimay change as they interact with the system. To that end
it is essential to design some kind of user and group modsalsritding, for example, the user characteristics, intestio
beliefs, knowledge, skills, roles and collaborative atite (Cabal et al., 2004; Cabdllet al., 2007d). Moreover, the
user and group models should be open enough to let add neigeseand collaborative activities to them according to
the participant needs.

The design of the CSCL user interface offers many more ahgdle than the design of interfaces for single user ap-
plications (e.g. multi-user editors). The user interfaeestprovide information about what others are doing to efitly
support collaborative tasks and additional informatioa teabe presented. The latter refers to the effects of otresus
activities which must be communicated by visual or audioalg. Therefore, the user interface is the main way to suppor
awareness in multi-user collaborative environments.

Although most research efforts in CSCL areas have been atedido developing distance learning environments,
most learning activities still take place in the traditibfece-to-face classroom (Balonian et al., 2002). To that, en
generic approach such as that of this thesis should sugmaddmmon basis from both scenarios and it is possible to
instantiate CSCL applications both for virtual learning (imost of participants are physically in different plgcesd for
traditional learning (i.e. all the participants are phgdlicfound in the same place, usually in a classroom). Inttinesis,

though it mostly refer to virtual CSCL environments, thenpiples are the same for both scenarios.

3.2.2 The importance of interaction analysis in CSCL practies

Collaborative learning environments are characterized high degree of user-system interaction thus generatinge h

amount of action events. The management of action eventkéy é&ssue in applications since, on the one hand, the
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analysis of data gathered from real life on-line collabgeatearning situations would help important issues in grou
functioning and collaborative learning process to be ustded; In addition, this can guide both the design of more
functional workspaces and software components and thdagexent of better facilities such as awareness, feedback,
monitoring of the workspace, assessment and tracking @fttingp’s work by a coordinator, tutor, etc. Indeed, by filteri

out the data, an adequate event management allows for thiglissiment of a list of parameters that can be used for
analyzing group space activities (e.g., tutor-to-groupnember-to-member communication flow, asynchronism within
the group space, etc.). These parameters would allow tlgeeffly of group activities to be improved and group behavior

and individual attitudes of its members in the shared wakespo be predicted.

Furthermore, in designing applications it is necessarytoectly organize and administer both the resources affere
by the system and the users accessing these resourcestiifi oser-resource and user-user interaction generatessev
or logs which are collected in log files and represent therin&gion basis for the performance of statistical processes
aimed at obtaining useful knowledge of the system. This fatilitate the collaborative learning process by keeping
users aware of what is going on in the system (e.g. the comiwifs of others, the new documents created, etc.) and
controlling users’ behavior in order to provide them witlppart (e.g. helping students who are not able to accomplish a
task on their own). Therefore, user-user and user-resaute@ction is crucial in any learning collaborative eoviment
to make it possible for groups of students to communicathk eatch other and to accomplish common objectives (e.g. a

collaborative classroom activity).

Although user interaction is the most important point to kenaged in applications, it is normally also important to
be able to monitor and control the performance and genematifuning of the system. This will enable the administrator
to continuously track the critical parts of the system andfaecessary. Furthermore, this adds an implicit secuaiygr
to that which already exists (e.g. controlling users’ hahitaking it possible to detect fraudulent use of the system by

unauthorized users).

In order to efficiently communicate the knowledge achievednfgroup activity to users in terms of awareness and
feedback, CSCL applications must provide full support ® #fbove-mentioned three essential aspects existing in any
collaborative application, namely coordination, comneation and collaboration (see Section 3.2.1 and Figure s&3)
as to create virtual environments where students, tegcheeoss, etc., are able to cooperate with each other in order
to accomplish a common learning goaCoordinationinvolves the organization of the group in order to acconfplis
the objectives set and the monitoring of user activity, Wh possible by maintaining the awareness of participants.
Communicationis related to the communication support basically by messagnong the users within and between
groups and can be in both synchronous and asynchronous miéidedly, collaborationlets group members share any
kind of resources, which is also in both synchronous andamswgmous modes. Both coordination and collaboration as
well as communication will generate many events which walldommunicated to the users after these events have bee
handled and analyzed in order to provide users with as muofeiliate awareness as possible and a constant flow of a:

much feedback as possible.
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3.3 A computational model for data analysis and management in CSCL

The main contribution of this thesis is a generic, reusaioleyst, flexible, interoperable, component-based andcgerv
oriented platform called Collaborative Learning Purposierdry (CLPLY (Cabalk et al., 2004; Cabdllet al., 2006;
Cabalk et al., 2007e; Caballet al., 2007f; Cabdlet al., 2007g; Cabdllet al., 2008d). See Appendix B for a technical
overview of this platform. The CLPL is based on the GenerimgPamming paradigm so as to enable a complete and
effective reutilization of its generic components as theleton for the construction of any collaborative learnipgla
cation. This generic platform implements the conceptasitin of the fundamental needs existing in any collaboeativ
learning experience. In the context of this research, tlaigqym is especially used as a computational model to embed
information and knowledge from group activity CSCL applicas as the implementation of the conceptual model for
data analysis and management described in detail in Chzpter

For this reason, special attention is paid to event anafygisnanagement in developing the CLPL. To this end, a spe-
cific component is conceived so as to make it possible toapl¢ructure and classify all the generated event infaonat
as well as to process this information for its later analy§tgs component completely specifies and implements thte firs
two stages of the above-mentioned information and knovdessigbedding process. The third stage, presentation (for use
awareness and feedback), is fully accomplished by a diftestemponent, which implements the three basic elements
involved in any groupware application (i.e. coordinatioonmunication and collaboration) and is especially resjia
for communicating the obtained knowledge to users in terhasvareness and feedback.

In order to meet these requirements, the development ofltRé @& based on the Model-Driven Development (MDD)
paradigm and the framework supporting it, namely Modek&mi Architecture (MDA) (Czarnecki, 2005). In proposing
MDA, the CLPL development takes advantage of two key ideas llave had significant influence in addressing the
current challenges in software development (C&&0D08d): Service-Oriented Architectures (SOA) and Pecodline
Architectures (PLA). As to the former, SOA provides greaxifidity to system architectures by organizing the system
as a collection of encapsulated services. Hence, SOA refieservices which represent the behavior provided by a
component to be met and used by any other components basedrotie interface contract. As to the latter, PLA
promotes developing large families of related softwardiegfons quickly and cheaply from reusable components. In
PLA, a certain level of automation is provided in the form ehgrators (also known as component configuration tools) to
realize solutions for large parts of the systems being dgeel (Czarnecki and Eisenecker, 2000). Taking these agipgea
into consideration, the CLPL is based on SOA and the GeneogrBmming paradigm (Czarnecki, and Eisenecker, 2000;
Cabalk, and Xhafa, 2003b) as the central part of the developmeviDib.

In particular, in developing the CLPL, a Platform Indepemddodel (PIM) was first created by applying the following
Generic Programming ideas (see Chapter 1 and Gaball Xhafa, 2003b): (i) define the semantics of the proyzeatiel
domain concepts, (ii) extract and specify the common anihblr properties and their dependencies in the form of

abstractions found in the CSCL domain, and (iii) isolate fimedamental parts in the form of abstractions from which

2Last release of the CLPL is version 1.1, which can be foundt://clpl.uoc.edu/download/CLPL1.1released.zip kWdage as of April 2008)
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the basic requirements were obtained, analyzed and desama traditional three-layer architecture (i.e. presema
business and information). To this end, first, the PIM wasresged using UML as the standard modeling language
promoted by the OMG (see Figure 3.4). Second, two differdaifdtm Specific Model (PSM) have been constructed
so far from the PIM: A Java implementation in the form of a gemeomponent-based library and a service-oriented

approach by using Web-services technology.
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Figure 3.4: UML-based use case diagram with the generalragants of the CLPL.

The ultimate aim of the CLPL is to enable a complete and affeceutilization of its generic services and components
as the skeleton for the construction of any collaboratieerieg application, and in particular CSCL applicationbug,
this platform implements the conceptualization of the famental needs existing in any collaborative learning égpee.

In addition, the CLPL is highly interoperable in distribdtenvironments permitting complete flexibility of the sees
offered in terms of implementation languages and undeglgivftware and hardware platforms.

For the rest of this section an UML-based PIM model for the Cisdescribed in detail by means of, first, a general
view of the CLPL architecture and then an in-depth study ifopmed of the part of the CLPL architecture that supports

the embedding of information and knowledge about groupvitiztinto CSCL applications (the complete PIM of the
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CLPL is found at http://clpl.uoc.edu/docs/CLPLdevelomtedf). Next section faces the PSM approach by incorpugati
specific technology to the CLPL.

3.3.1 The CLPL architecture

Administration environment | User envronment
CSCL User
CSCL Administration Management
Management
t"\'_
."|‘\
| == CSCL Functional by
|
g
CSCL Security M anagement
CSCL Knowled ge
Management

Figure 3.5: Graphical representation of the CLPL companent

The CLPL (Cabak et al., 2007e) is made up of five components (see Figure 8rjling user management, admin-
istration, security, knowledge management, and funclitynevhich map the essential issues involved in any coltakive

learning application.

e CSCL User Management component: this contains all the bheheslated to user management in applications,
which can act as a group coordinator, group member, grotify-emd system administrator. It will tackle both
the basic user management functions in a learning enviroh(mnamely registration, deregistration, modifications,
joining a group, or meeting group members) and the user pnofdnagement. The latter implements the user and
group models within a collaborative environment, thus tusponent provides the generic ProfileElement entity

which dynamically allows new user and group needs to be met.

e CSCL Security Management component: this contains alléineigc descriptions of the measures and rules decided
upon to resolve authentication and authorization issudsarprotect the system from both unknown users and the
intentional or accidental ill use of its resources. Its gaity lets programmers implement these issues with the

latest cryptographic security mechanisms.

e CSCL Administration Management component: this contdiespecific data from log files and those analyzes (i.e.

statistical computations) required to perform all the egstontrol and maintenance for the correct administration
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of the system and to improve it in terms of performance andriégcMoreover, it will manage the resources of the

collaborative workspace, which can be managed by a groupbmeatting as an administrator within the group.

CSCL Knowledge Management component: this manages alphafiee and large user events in order to handle
the data of user interaction as crucial information for thizaetion of the essential knowledge to notify users of
what is going on in the system as well as to monitor user behavid control system resources. To this end, this
component has been split into tBSCL Activity Managemeaind CSCL Knowledge Processing subsysteiitse
former aims to collect and classify the user events captacedrding to a complete hierarchy of user events (see
Fig. 4) provided, which is based on the above-mentioneethemeric group activity parameters: task performance,
group functioning (i.e., interaction behavior) and sclafifog. The latter is responsible for the performance of the
statistical analysis of the event information previousiyntiled and includes another generic hierarchy (see Fig. 7)
that contains those statistical criteria which are mostroomin these environments (e.g., the number of students
connected over a period of time, the average student woddssjon). Furthermore, it will enable log information to
be exported and extracted in different formats for latetigteal analysis in external statistical packages. Thal fin
objective of this component is to extract valuable inforimafrom the events generated with the aim of revealing
useful knowledge. Since this component represents theatdinge CLPL, it is explained in great detail later on in

the next sections.

CSCL Functionality component: this forms, along with theypous component, the basis of the collaborative
learning environments by defining the three basic elemantdved in any groupware application (see Figure 3.3),
namely, coordination, communication and collaboratioal{@lE et al., 2004, Cabdlet al., 2007e). The different
areas overlap each other, and any collaborative system sapgbrt all three aspects (see Figure 3.3). Due to
their importance, this component provides several subBysbr modules so as to provide direct support to each
of these areas, namelySCL CoordinationCSCL Communicatioand CSCL Collaboration The coordination
support module offers the basic tools to facilitate grougaaization in planning and accomplishing the members’
objectives as well as group monitoring by modeling the amess of its participants. The communication support
module involves four basic elements, the sender, messhgenel and receiver (Ochoa, 2002), and can be imple-
mented in several ways depending on the means of messagmisaion (point-to-point, multicast and broadcast).
Moreover, each message can be delivered asynchronoustytfes case of an email, where the message is made
persistent by default) or synchronously (as in a chat, whenwersation is made persistent so that it can later be
processed). Finally, the collaboration support module treémbers share both software and hardware resource
in both synchronous (e.g. real-time editors) and asyndusrie.g. file sharing) modes. This component also
supports the presentation of the information managed b 8@€L Knowledge Management component by means
of a subsystem calle@SCL Awareneswith the aim of providing participants with immediate awages of what

is going on in the group. Furthermore, in the last few yeasdback (Zumbach, at al, 2003) is receiving a lot of

attention due to its positive impact in on-line collaboratiearning in such areas as group motivation, interaction,
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problem-solving abilities (Caba)] at el, 2005b).This characteristic is also supportedi;dbmponent by another
subsystem calle@SCL Feedbackvhich also takes advantage of the knowledge extracted finengroup activity
to provide participants with a constant flow of as much feelllss possible. This component is also described

further in the next sub sections.

These CLPL components can be directly reused in the cotistnuaf specific efficient, robust, multiplatform and
reusable CSCL environments, especially Web-based afiplisa(Bentley et al., 1997; El Saddik et al., 2001). As men-
tioned above, these components in turn fully reuse a morergelibrary, the above described Generic Purpose Library
(GPL) (Cabak et al., 2003b), whose domain requirements are a high defreser-user and user-system interaction as
well as optimal management of system resources. By inajucitiaborative learning domain into the GPL domain, the
CLPL will represent a particularization of the GPL (see Fegu 3.6, 3.7 and 3.8 as examples of reusing the GPL for the

development of the CLPL)
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Figure 3.6: Reusing at requirements level as part of the Ptdehof the GPL.

The GPL provides the CLPL with the following and importanhbeior by default:

e In order to improve collaboration within a group, it is impemt to take into account both current and future behavior
of all user types and the possibly changing objectives atahiions of the users as they interact with the system.
To this end, generic user and group models have been dedigms$cribe the users’ characteristics, intentions,
beliefs, knowledge, skills, roles and collaborative gtitg amongst others. Moreover, the user and group models
are sufficiently open as to allow new services and collabaratctivities to be added in accordance with the needs

of the participants.
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Figure 3.7: Reusing at analysis level as part of the PIM motitie GPL.
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* LAhstract glass carrying out the logle part of the graup crestion within a CICL enviromment.<hr:

* [@author <a href="wailto:scaballefuoc.=du">Santi Caballé Lloket</a><br>

* [(see <a href="http://ov.uoo,edu/~sceballe/gpl/api/gpl/users/GenericserCrestion/ ">gpl. users, GenericUserCreation</ ar<he>
* @version 1.0a; 15-12-2003; java version "l.2.2"<bry

&

pub.ic abstract class CLGrouplreation extznds GenericlUsecCreaticni ‘—

,-"’**

¥ Constructor without parameters from the class CL3roupCreation.<br:
* Creates a group.<br>

*  {pre: the group does not exist in the dats store. }<br>

* {post: the group has been created in the data store. }<be>

*

public CLGroupCreation() throws GenericlUserException, Exception {

}

Figure 3.8: Reusing the Java-based PSM of the GPL.
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e The design of the user interface in collaborative learnipgjiaations offers many more challenges than the design
of interfaces for single user applications (e.g. multiriesditors). The user interface must provide informationidbo
what others are doing to efficiently support collaboratagks, and awareness information regarding the effects of
other users’ activities has to be communicated by visualidicasignals. The user interface is therefore the main
way to support awareness in multi-user collaborative envirents. Furthermore, the user interface is generically
focused so as to make particularization in graphical antrtedes possible. Even though the user interface in
Web-based collaborative learning environments will uguag in graphic mode, it is necessary to consider generic
focusing in order to make the logic part of the applicatioependent from the specific design of the graphic user

interface.

e The design of the persistence in the CLPL is also genericlamla disk manager abstraction has been considered
The disk manager acts as a bridge between the future appficatd its data to make the design of the persistence
independent from the specific technology that will managediita. This way, it is possible to treat both ordinary
text files and different database system managers duririgydarization. Furthermore, a complete technology-
independent conceptual data model is provided as part d?ltie(see sub section 3.3.3 and Figure 3.12), which

may be realized in different technologies managing gempaisistence.

e Robustness is offered through a complete hierarchy of éreatment and so a high degree of the component
guality and reliability is guaranteed without dependingtioa error treatment of the specific platform supporting

the software.

The whole CSCL activity is performed in the five componentscti®ed, which represent a computational model that
implements the conceptualization of the fundamental negdsing in applications, especially to perform entirehgt
process explained in Chapter 2 of embedding informationkaiogvledge about group activity into CSCL applications in
an efficient and effective manner (see Figure 3.9). Indémxbet areas are characterized by a high degree of user interac
tion. This interaction generates many events which will Bedied and analyzed by ti@&SCL Knowledge Management
component so as to extract useful knowledge from the grotingtg@and then to dynamically notify this knowledge about
the activities of others to participants by means of @&CL Functionalitycomponent. This is wholly performed by the
two components related to the knowledge management antidoatity support, namel€ SCL Knowledge Management

andCSCL Functionalitywhich are explain in great detail here.

3.3.2 CSCL Knowledge component

The CSCL Knowledge Management component (Cébetlal., 2007e) will manage and analyze all the specific and
large user events in order to record user interaction daiafasmation which is crucial for the correct control and

administration of the collaborative learning applicaiofherefore, this component completely specifies and imgtes
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the first two stages (collection of information and analysighe process of embedding information and knowledge into
CSCL applications (see Figure 3.9).

The final objective of this component is to extract valuabferimation from the events processed for later statistical
analysis with the aim of revealing useful knowledge from ¢jneup activity. This component is made up of the two

following subsystems ((see Figure 3.10)):

e CSCL Activity Managemestibsystem. This manages the system log files made up of @Vv#ims occurring in the
system during a period of time. It represents the collectiod classification of the event information as a source of

information for the creation of the pertinent statistics.

e CSCL Knowledge Processimgibsystem. This performs the management and maintenarstatistical analysis
through the generated events stored in log files. It reptesie@analyses of the information previously obtained thus
providing the necessary knowledge to control and facdithe collaborative learning process as well as improving

the general performance of the system.

CSCL Activity
I anagernant

CS CL knowledne
Frocessing

Figure 3.10: Graphical representation of the subsystenkingap the CSCL Knowledge Management component.

Due to their importance, both subsystems are now descnibeutbie detail:

3.3.2.1 CSCL Activity Management subsystem

This subsystem (Caball et al, 2007e) collects, classifies and structures thet @viEmmation contained in the CSCL
application log files so as to make it possible to facilitéédater statistical analysis.

Thelog file is a key entity made up of all the action events occurring engizsstem over a given period of time and
is automatically generated by the system during its usuadtioning. This represents the source of information that
is later used for the creation of the appropriate statist&s mentioned in Chapter 2, in CSCL applications there is a
need for the classification of all types of user and systemtevgenerated according to the three generic group activity
parameters (see Chapter 2, Section 2.1 for the rest of thisettion). To this end, a complete and tight hierarchy of

events (see Figure 3.11) is provided in this subsystem. itnhierarchy, a certain degree of redundancy is allowed
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Figure 3.11: A class diagram to collect and classify all ¢sgenerated during the group activity and for each academic
term.

since both the same events to measure different elemenexpeeted and desired (e.g. a group processing event cal
be simultaneously addressed as both a quantitative pazatoaneasure group functioning and a qualitative parameter
to measure scaffolding). Furthermore, the group actidtgriven by participants’ actions on the generic collabieeat
learning resources and these actions are aggregated tegheuents to form another hierarchical tree (see Figur@) 3.1
in which, at a first level, it is distinguished between actarel passive user actions depending on whether or not the
student contributes directly to achieving the group olbjectAt this same level, the support action (i.e. help, naiton

and encouragement) is also considered and constitutdseartistinct category.

In order to correctly classify the user actions on the resssiduring group activity according to the event hierarchy,
this subsystem provides a classification process whicludled a coding scheme (see Table 2.4 in Chapter 2) base
on the conceptual model described in Chapter 2 for data sisadynd management in asynchronous environments. In
this process, the event information collected from the Itesfis handled in sequential steps consisting of extraction
identification, coding, and categorization (Cabat al., 2005a).

Thus, firstly, the specific action performed by a user on awesois extracted from the log files. Secondly, this
action is interpreted depending on the type of event thatimasdved. This represents the essential information in the
identification of the real intentions or skills shown by trs=u(e.g. creating a note during a debate can be interprsted a
either revision or reinforcement of the information degagdn whether the note was created in the context of a reply
or as an observation). Then, during the third step of thege®cthe user event is uniquely codified according to both the

user action performed and the real user skill identified endbntext of the action. Finally, the user event is categdriz
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into one of the above-mentioned group activity parametecsraing to the coding scheme shown in (see Table 2.4).

Given that this classification process is highly generiés ibnly provided the most abstract form of categorization
based on the above-mentioned generic event hierarchy (gaeeF3.11). Thus, the specific applications using this

process should categorize their event information acogrtti their particularization of this categorization.

Although it is possible to use the same classification pmé@sboth synchronous and asynchronous environments,
this subsystem focuses on the latter as this is still the nmstl way to collaborate in on-line collaborative learnémyi-
ronments and permits the complete automation of the cleasdn process. Even so, recently, synchronous applitatio
are receiving a lot of attention since they allow for the agtion of knowledge from real-time interactions from whith
is possible to understand essential aspects of on-linalmmihtive learning such as socio-cognitive approachesltore,
social construction of community and so on. To this end, shissystem is flexible enough to handle information from

synchronous environments by incorporating another coslthgme and codifying the user actions manually.

Once the event information generated in the group actisigoirectly collected and classified, this subsystem struc-
tures this information in such a way that it is possible tohbptepare information to facilitate its later processing an
analysis and allow it to be addressed in a distributed enmient where available (such as in a Grid environment (Foster

and Kesselman, 1998).

To this end, the following generic steps are proposed so asnectly structure the event information for later
processing (see Figure 3.9 and Cabalt al., 2007f): on classifying the event information anahinng it into persistent
data, this information is stored in the system as structfiles] which will contain all the information previously ¢etted
from the system log files in specified fields. Next, the filesstrectured in accordance with two basic criteria, time and
workspace, which characterize all group collaboratioresgfiles will represent as high a degree of granularity asilples
for both criteria and they will be parameterized so that tthaiaistrator can set them up in accordance with the specific

analysis needs.

Thus, every single workspace will have its own structuremrfibde up of all the events occurring within it for a given
period of time and, hence, during later data processinglith@ipossible to concatenate several structured files so as t
obtain the appropriate degree of granularity (e.g. all tleeigs in a classroom for each 12 hours) and so making it dessib

to efficiently parallelize the data processing dependinthercharacteristics of the computational resources.

Therefore, in the context of distributed systems, CSCL iapfibns can take great advantage of the parallelism to
process several files (e.g. all the groups in a classroorhgatame time and thus dramatically reduce the overall compu-
tational time. As a result, it is possible for these appl@at to process a large volume of collaboration activityadatd

make the extracted information available in real time.

At this point in the process of embedding information andvidedge into CSCL applications, the information has
been collected, classified and well-structured so thatritezsily and efficiently be processed and analyzed during the

work of theCSCL Knowledge Processisgbsystem.
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3.3.2.2 CSCL Knowledge Processing subsystem

After the event information from the structured files hasrbpecessed, the results of data processing are stored in :
database manager system, in which all the information guedan the structured files should be correctly represented
even if they are distributed in different machines. The anoimake it possible to consult both the desired data from the
database directly (e.g. the number of connected usersypleof documents in a certain workspace) and the computed
complex statistical results produced from processingetidesa (see Figure 3.9).

Therefore, it is necessary to design the database corgerdyg much useful information as possible can be stored anc
computed and the desired information can be efficientlyaexéd. Thus, based on the premises argued in (Watson, 2003
the design of the database should be generic, reliablealbéysefficient and independent from any specific database
manager. To this end, a proposal of the design of the databasevided (see Figure 3.12) for the conceptual design)
which satisfies all these requirements and allows usersrsutibdata regarding the basic entities that take placeyn an
CSCL application (users, objects, workspaces, connestetn.).

The last step in this subsystem (Cabat al., 2007e) is to use the resulting information in thallases to compute
statistical results and present them to the members of theeocollaborative group and the tutors through the CSCL
Functionality component (see Figure 3.5). In this contarntXML coding of the statistical results is suggested in orde
to make it possible to present this information to final usedifferent forms (see the stage of formatting results mjuire
3.9). Considering the highly structured nature of the daid the design of the relational database (see Figure 3.12
and Ferandez et al., 2002), this last step should be designed asdiemate (Kyung-Soo, 2001) which performs the
following functions: to extract necessary informationnfréhe databases, to compute statistical measurementsiaiges
and to convert the results into XML output. This design wilbyide sufficient flexibility as to allow ad hoc statistical
measurements to be obtained as well as permitting the eneatiuser-specified document type definitions (DTD) to
accommodate the different needs of information repretienta

To sum up, theCSCL Knowledge Processisgibsystem carries out the statistical analyses and ietatfmns of the
event information generated during group activity whicls baen previously collected, classified, structured anedto
in a database. To this end, a statistics module will havertfgrhation source stored in the database along with generic
criteria with the aim of performing the desired quantitatanalysis of the individual and group collaborative atyivi
and learning. To make it possible, a data structure of gereril parameterized criteria (see Figure 3.13) is designed
to classify the most usual requests for information in CS@urenments (e.g. "How many users accessed the systen
during a period of time?”, "Which users read a document?”$timaking it possible to reuse them in as many statistics as
possible. Furthermore, a statistics abstraction is peavigith the potential to extract useful data from the datalasch
in turn will give detailed knowledge of those parts of theteys (e.g. workspaces) or the users’ activity interested.

These statistical results should be obtained by the apiglicserver as fast as possible and presented to group membel

and tutors preferably in real time and in different formétsacessary. Both immediate user awareness of what is going

3See the complete design of the database at: http://clptdoidocs/DBDesign.pdf (Web page as of April 2008)
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on in the system and constant feedback on group and indiviskréormance are achieved by continuously processing
the current events. To this end, this subsystem is intermegploit the most powerful statistical packages in the raark
through the creation of a generic interface to make it pds$ibth to export data to the most popular statistical fosmat

and to import the obtained results.

The ultimate objective of this subsystem is to define a bottipranalysis approach that processes and analyses the us
events in order to decode the specific actions of the usecsilieg) their interaction during the collaboration adiies.
The analysis aims at identifying those sequences of acti@isan be used to determine typical patterns of intenagtio
(Inaba et al., 2003). Thus, at this point in the research bective is to identify as many best CSCL collaborativehéag

practices as possible, which can then be translated inicetiqollaborative learning patterns.

Based on a model of desired interaction, the system allotesstto compare the learners’ real interaction processes
with the typical interaction patterns in order to infer wietor not the process is effective for the learner. Furtioeenthe
knowledge revealed by this analysis can enhance self ameéepaleiation, which in turn improves the efficiency of group
activities, monitoring group behavior and the individutitades of its members in the shared workspace. In additios
knowledge is useful in assisting the tutor by providing tleeessary means to support and assess individual and grou

learning outcomes.
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3.3.3 CSCL Functionality component

This component (Cabdlet al., 2007e) forms, along with t@SCL Knowledge Managemesamponent, the basis of the
collaborative learning applications by defining the abowentioned three elemental parts involved in any CSCL cellab
orative learning application: coordination, communigatand collaboration (Ochoa et al., 2002; Cabai al., 2004).
Coordination involves the organization of groups to acclishghe important objectives of members such as workspace
organization and group structure and planning as well asval group monitoring, which is achieved by maintaining
the awareness of its participants. Collaboration lets graembers share any kind of resources in both synchronous an
asynchronous modes. Finally, communication represeatbdhis of the whole component since it enables coordination
and collaboration to be achieved (Ochoa et al., 2002) byigiry them with low-level communication support (basigall

by means of both synchronous and asynchronous interactida)eover, communication is also involved in high level
interaction support during a message exchange sessioii)(emtiech can be performed within and between groups. In a
CSCL application, these three aspects will generate magytgthat will be thoroughly processed and analyzed (throug

the CSCL Knowledge Management component) to extract krayeehat will be provided to the users as required.

1
CS5CL Awareness
-7 A ¥
e ) |
| \
|
CSCL Coordination CSCL CSCL Collaboration

Communication _]

CSCLFeedback

Figure 3.14: Graphical representation of the subsystenkingnap the CSCL Functionality component.

The final objective of this component is to provide functiosgport to CSCL applications in terms of coordination,
collaboration and communication (see Figure 3.14. Moredhés component implements the last stage of the process
(see the stage of presentation of knowledge in Figure 3.8)rdfedding information and knowledge into CSCL appli-
cations (i.e. presentation of the knowledge generated)rbyiging the users with immediate awareness and constant
feedback of what is going on in the system. This stage is maialnaged by two specific modules (CSCL Awareness and

CSCL Feedbagkof the component, which has five subsystems in all (see Eigui5 and Cabdlet al., 2007e):

e CSCL Coordination.This manages both members and resources within a colla@gbup so as to make it



72

c8 nistraion

<qUSES>

r- O
> Lo ceinciuded>>

Bon Rranous & asynehmnous

i 3

CSCLCom mun|cagon %

W n A
<<COm
E /PBCL/M ss&Feeahack St
g} Bld=»
celispss
2. “ :
X CD
Coondinanr CSCLCo l&m CSCLKnowledoeManagement
e

CCUSERS H}B{\

CSCLAdminisraion CSCLUserManagem ent

Figure 3.15: The analysis of the CSCL Functionality compdne



A reused-based CSCL computational model 73

possible for members to accomplish their objectives.

e CSCL CollaborationThe main purpose of this subsystem is to let participantsestesources such as files and ap-
plications in a collaborative learning environment. Reasewsharing may be in both synchronous and asynchronous

modes.

e CSCL Communication.This manages all the low-level interactions between two orenparticipants within a

collaborative learning group in both synchronous and asyrous modes.

e CSCL AwarenessAll the events generated by the previous subsystems durisgssion will be captured and
managed by the CSCL Knowledge Management component anfowill the awareness information which will

be immediately notified to system users.

e CSCL FeedbackThis aims to influence group participants in a positive mafayemeans of a steady tracking of
parameters outside the task itself and by giving constauifack of the information related to these parameters to

the group.

3.3.3.1 CSCL Coordination subsystem

Coordination (Cabal et al., 2007¢e) is an important aspect of any collaboratiteity. It entails the combination and
sequencing of otherwise independent work toward the aclisinmpent of a larger goal.

In collaborative learning environments, coordination ttyosefers to the tasks that lead toward the learning group
formation as well as the definition and planning of the grobjectives. Moreover, the group coordinator may track task
status, deadlines, resource usage, working results, er otitical process parameters so as to lead the group tgrrec

The coordinator (as the facilitator of the group), who mayahendependent member such as a teacher, incorporate
participants and resources in the group and assigns thelne todll-defined tasks and activities for the performance of
the planned project. Once the group has been organize@, wikibe continuous monitoring and control of the tasks
accomplished, group member participation, resource ygaigect deadlines, course results, etc. In order to pertbe
control tasks, it is necessary for the coordinator to be awéall the events generated by group members so as to mak
up the appropriate reports of the group activity.

This subsystem aims to provide the basic functionality gaoize and coordinate the collaborative learning group
for CSCL applications. To this end, some fundamental abis#atities, such as aappointmentmaking up others such
ascalendar agenda notice boardand so on, as well as the basic operations to manage thembbauecreated. These
generic entities provide such information as course detsan, evaluation policy, course schedule, links to stuebources
and the most up-to-date information sent to the particgpfnim the coordinator. The aim is to provide full supportto t
group organization and planning as well as task management.

In order to make it possible for the coordinator to both maméind assess the group activity, a generic report system

is provided based on the entitgport with the aim of keeping track of the performance of partioga This includes,
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amongst others, scoring for both individual and group-suig task evaluation purposes as well as reporting of group

results at the end of the collaboration into basic activaygmeters such as task performance and group functioning.
Furthermore, this subsystem provides a basic tool to fatglithe coordination of the group in the form of a generic

multi-parameterized search function that enables ppétits and resources to be easily located by different iexités for

all basic communication support that is necessary to partbe usual coordination activities (e.g. making an appoant

in the agenda, giving news to participants, etc.) is pravidg theCSCL Communicatiosubsystem, as seen later on.

Finally, information about group members and resourceeigaly be provided by theCSCL Users Managemeahd the

CSCL Administratioomponents respectively (see Figure 3.14), where theaesdatld previously have been handled.

3.3.3.2 CSCL Collaboration subsystem

Collaboration (Cabal! et al., 2007e) relies on participants sharing all kind ebteces. In a sharing Web-based environ-
ment, students, as participants in a group, share rescamoasgst themselves in order to achieve their learning titgsc

It should be noted that sharing resources, in the contextiefeésearch, means those applications that are share@ by th
participants (examples of these applications might bescmaulti-user editors, whiteboards, document reposisoaisd

so on). To this end, each participant collaborates by iramajng their contributions into the sharing resource stoas
elaborate the problem by proposing solutions, discussiagontributions of others and so on. The sharing of ressurce
amongst several participants is therefore a central fanatity of collaborative learning applications.

In this contextfloor control (El Saddik et al., 2001) is essential to the proper functigrof collaborative sessions as
this avoids concurrency problems by allowing only one piyéint at a time to control the shared application. Without
floor control, there would be collisions of events, which Webliave undesired consequences (C&halt al, 2007¢).

The coordinator is the only group member or independentwiglethe necessary privileges to start and close a sharing
session. The rest of the users (the other group particiewtshe coordinator when acting as a group member) can only
consult and modify the sharing resources (e.g. making a matribution to a shared application such as a multi-user
editor resulting in a modification to the state of the appiarg).

Sharing between different users may be synchronous, wifigreint participants accessing the same resource at the
same time (seeing and working on the same copy of the ressunteas multi-user editors), and asynchronous, with
several users accessing the same resource at differers (@aeh of them working on a different copy of the same
document with the possibility of changes of participantthim shared resources being flagged to the others).

This subsystem aims to provide the basic functionality trslany kind of resource within the collaborative group
activity. To this end, the most fundamental abstractiore heraroom which is defined in this subsystem to represent
all virtual spaces (i.e. sharing applications) where amgdlof sharing is performed. Thus, in a room it is possible for
participants to share a conversation (i.e. chat), a textaptgc content (i.e. multi-user editors) or a pool of stuchtenial
(i.e. document repository) among others activities. Tiselteof the interaction is then updated in the sharing apfito

to other participants by the mechanisms provided byGBEL Communicatiosubsystem, as seen later on.
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In this subsystem, basic utilities for improving the cobiadtion such as floor control and session moderation among
others are also provided. Thus, a generic artifact caléedaphores provided for concurrency or floor control purposes
during synchronous collaboration (e.g. multi-user eglitorhis artifact allows a participant to properly interacittw
the shared application. The subsystem first restricts tbesaao the shared application by locking a semaphore dgnyin
access to other participants trying to interact with thdiappon. When the first participant is finished, the systelaases
the semaphore and others can take control of the application

In a collaboration context it is also important to take inbc@unt session moderation in order for a collaborative ses-
sion to be more productive. In the CLPL these needs are metihyg the coordinator features of ti&CL Coordination
subsystem. All the events generated during sharing willdrelted by theCSCL Awarenessubsystem, which will imme-
diately notify users of the current state of the applicaemg. a new contribution, deletion of a document of the rggpos
etc.). This subsystem will in turn use tRSCL Knowledg®anagement component (see Fig. 9) where these events wil
have been previously handled. Finally, low-level commatian support, which is necessary in the performance of all
sharing activities (e.g. making a contribution to a newsigrgarticipating in a multi-user editor session, etc) rsvged

by the CSCL Communication subsystem, as seen later on.

3.3.3.3 CSCL Communication subsystem

Communication (Cabal et al., 2007e) is the most important functional aspect @ugware systems aiming to support
the communication between two or more collaborative legymparticipants. Furthermore, in any CSCL application,
coordination and collaboration rely on communication teamsplish their objectives. Communication includes text
messages, spoken interactions, or non-verbal exchangegdstures in a video conference (Baloian et al., 2004). The
communication support is based on four elementsieasagas the information carrier betweersandermrocess and a
recipientprocess, which receives and possibly processes the mebsaggh achannel(Ochoa et al., 2002). Moreover,

in this context, it is necessary to implement different wafysmessage communication such as point-to-point, mutticas
and broadcast. This subsystem manages an interactiondretwe or more users (i.e. student, lecturer, coordinator,
administrator, devices, etc) in a CSCL application.

Communication may take place synchronously or asynchiinoln a synchronous mode, interaction takes place
when participants communicate between each other at the 8ara such as during a chat or video conference session
This type of interaction also refers to a piece of informat{e.g. a line of chat, a spoken contribution to a video-
conference, or a paragraph in a shared text editor) thatligeded by a user and reaches its peers at the same time
Although this kind of interaction is usually destroyed orlhe sharing session comes to an end, in the context of this
research, it will be deliberately stored in log files once sharing environment is completed. This way, it is possible
to classify, structure and analyze this information as & gfathe process of extracting knowledge from communication
which is a low level of user interaction.

In an asynchronous mode, on the other hand, the interactias tplace when different participants communicate at
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different times and it especially refers to communicatiorolving participants interacting with others employiritjetent
asynchronous tools (e.g. e-mail, news, forums, debatek;@t notes). This kind of communication goes beyond a 8mp

conversation and so it must be stored in the system as antampgource of information about group activity.

It is also possible to have interaction types which, like ithgtant messenger tool, employ both synchronous and
asynchronous modes. The main purpose of this subsystemasdive and manage all low-level interaction generated by
group activity. During coordination (e.g. showing a wamto all group members) and collaboration (e.g. propagating
new line of chat to the session participants) and in bothlsyorous and asynchronous modes, communication will act as
a channel to transport the low-level content of the intéoacte.g. the text of a warning message, the phrase of a line of
chat, etc.) and propagate it to participants if necessary.

Furthermore, this subsystem is responsible for providingpsrt of certain types of high-level interaction between
participants in which neither coordination nor collab@matare involved (e.g. sending a single email). Therefarehis
context, this subsystem performs all of the work managirth bagh- and low-level interaction.

From a generic view, communication permits any kind of takar non-textual exchange such as an email transaction
or a multi-user editor session between a sender and a netifie make the communication possible, it is necessary for
the message to be sent to a recipient, which forwards it tadldeessee.

This subsystem abstracts the network complexities andoefec communication needs by defining four fundamen-
tal generic entities, namely message, sender, recipiehti@mnel, which form, as seen before, the basic commuaicati
infrastructure of any collaborative system. At this levegenericity, the specific CSCL applications are expectgubio
ticularize these four abstractions into the specific uryilegl communication infrastructure (channel abstractiat)ich
can be centralized, be fully-distributed, or be a hybridathb Thus, this subsystem can be implemented in many differe
ways to meet specific communication needs.

Therefore, as an example of synchronous communicationggthessage) drawn by a participant (sender) during a
whiteboard session would be sent to the whiteboard comratioic module (recipient) where it would then be imme-
diately propagated to all other participants so as to uptieie user interface. When the communication takes place
asynchronously, such as in an email transaction, the séoileairds a message to the addressee through the mail serve
(recipient), which usually stores it before being receibgdhe addressee.

All interaction between users generates events (e.g. ageteian email, a participant receives somebody else’s line
in a chat room, etc.). All these events will be collected arahaged by th€ SCL Knowledge Managemertmponent
(see Figure 3.15 and will form the awareness informatiorctviig immediately presented to system users byG8€EL
Awarenessubsystem making others aware of what is going on in the myated, above all, in the learning group’s
workspace during the group activity. Furthermore, awassigessential in this context since it makes it possibl@davs
the availability of other participants for communication.

It must be mentioned here that there is expected to be arceeiindancy when different subsystems generate event:

while involved with the same resources at the same time.oltilshbe noted, however, that the communication module,
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when acting as a transport mechanism, generates lowerdegnts than those generated by other modules. Thus, as a
example, a new line of chat during a chat session may be caesics being both collaboration in the modification of
the shared resource (i.e. the chat room) and as commumidattbe forwarding of the message to a recipient (i.e. chat
communication module). Therefore, both views are compiearg and theCSCL Awareneswill unify them to present

more complete information to users. This is described inendetail below.

3.3.3.4 CSCL Awareness subsystem

Awareness (Gutwin et al., 1995; Cal@adlt al., 2005a) is essential for any of the three forms of emtn seen. It allows
implicit coordination of collaborative learning, oppanities for informal, spontaneous communication, and iplsagsers
informed as to what is happening in the system (Cé&betlal., 2004). When awareness is synchronous, users know i
real time what other co-participants are doing (e.g. duamgulti-user editor session, who is editing and what is being
shown) and which documents are being used by others whetesasitis asynchronous, users receive delayed knowledge
of who, when, how and where shared resources have beend;relémged or read by other users.

Users are continuously interacting with the system (cngatlocuments, reading emails, etc.) and so events are
generated which, once they have been collected, classifetgr@cessed, will then be gathered, managed and formattec
by the system as awareness information for distributiomé¢ousers involved. This awareness process will us€®eL
Knowledge Managemerbmponent (see Figure 3.16 where the new events will prelyiciave been managed before
communicating them to the users. This process is triggeyetthdo system automatically and so is transparent to non-

participating users.

User
( ..)
<<commynicates> - st
«Useﬁ)___,-'—"CSCLKnDWIEdgEManagem ent
i > <
i T g U
<<Inthadeds>

AW EMR Ness management ~—— —

System g T

Synchronous & asynchronous

Figure 3.16: The analysis of the CSCL Awareness subsystem.

Therefore, when users communicate and collaborate with@aer and also when they are coordinating their activity,
they must always be aware of both what other users are dothg aame time and what other users did in the past. This
implies receiving information from both synchronous anghafironous modes (see Figure 3.16 and being aware of bott

the resources used and the users who interact with the system



78

In a synchronous context, the user should be aware of therduactivity in the group (the contribution of other
members, their location and availability, the users waykim a shared document at the same time and so on) and thi
information should be provided by visual and audio signdls. develop efficient synchronous in CSCL applications
providing transparent awareness to users who may startlatthe same and at different points in time is a significant
challenge. Group activity events which have been colleatetiinalyzed (including the transformation of informaiito
a serializable structure) have to be distributed to allioplagticipants. The distribution may be performed by a clis-
patch server, where session participants are registerég, wsing a multicast-capable publish/subscribe comnatiain

infrastructure.

In an asynchronous context, on the other hand, users needawdre of the activities performed by others as a basic

requirement to solving the task at hand and supporting &sgnous communication (e.g. flagging incoming mails).

Event redundancy is an essential property during groupiciin CSCL applications and, as seen before, it is desired
and expected to ensure the provision of users with completetiective awareness information. Thus, during any inter
action for coordination, collaboration, and high-levelrmounication purposes, low-level events from the commuiuina
transport mechanism will be generated on certain resoatcth® same time as other subsystem involved are generating
high-level events on the same resources. As a result, théireeamore event information to be managed and thus the
resulting awareness information will be more complete. A€xample, in making a new contribution to a news group
(collaboration purposes), those low-level events gerdrhy the communication subsystem will only inform about the

sender, the recipient (news group server) and the contéheaohessage sent.

In the case of high-level events generated by the collalooratibsystem, they will contain information about the type
of contribution (e.g. new, reply, help, etc.), the specifieva group to which the contribution has been made, the topic
of the news group, the date and time and so on. Therefore, ibjinmthese two types of events it is possible to obtain

complete awareness information about the contributionenad

In order to provide the essential awareness informatiorffextvely support the three areas seen, this subsystem
(Cabalk et al., 2007¢) defines three generic entities, naneslyurce stateuser statugndgroup memorywhich support
the collaboration, communication and coordination repely. Each of these abstractions acts as a vehicle so tha
awareness information can be classified and presented te nsthe correct form depending on the type of activity

involved.

Therefore, first, in sharing (e.g. a multi-user editor s@gsiparticipants are continuously modifying the state of
the shared application (e.g. writing a new text commentetdel somebody else’s sketch, etc.) and so the current
applicationstatehas to be continuously propagated to users as a news waigimg.sSecondly, it is essential to show
the current participantstatusso as to be aware of the availability of them for communica(e.g. before sending a
message to others it is crucial to know whether or not theyasadable). It should be noted that availability refers to
both synchronous (online availability during a chat segsémd asynchronous (the participant who an email is adeldess

to must be registered in the system). Finally, the perdistenage of awareness informationggeup memoryConklin,



A reused-based CSCL computational model 79

1992) is essential during coordination since it allows focwiment and data access, which are commonly stored for late
retrieval, and also the context in which they were createulusT being aware of the activities of others is essential for
coordination (e.g. decision-making, group organizatgmtial engagement, etc.).

Furthermore, for the purposes of presentation format,dhiissystem definesfiag as a single abstraction supporting
the presentation of awareness information to users thrthgluser interface by any means: from a visual and simple
sign for warning purposes (e.g. a new participant has jusegbthe chat) to complex visual and audio effects to keep
participants aware of what is happening in the group agtiltitmay also include different types of short text inforimat
provided to report the most recent event history on a speei§icurce as well as certain statistical analysis resultiseof
group activity.

The ultimate objective of this subsystem is to present ames®information to users in a correct, effective and imme-

diate fashion as the last stage in the process of embeddowjédge into CSCL applications (see Figure 3.9).

3.3.3.5 CSCL Feedback subsystem

Feedback (Zumbach et al., 2003; Cabat al., 2005b) in collaborative learning environmentseiseiving a lot of at-
tention due to its positive impact on the motivation, emmdilostate, and problem-solving abilities of groups in oreli
collaborative learning (Cabéllet al., 2005b). It aims to influence group participants irsitive manner by means of

a steady tracking of parameters outside the task itselh(asanotivation and emotional state) and by giving a constant
feedback of these parameters to the group. Therefore, wens participate in a application, they may enhance their
abilities by increasing their knowledge about others imeof motivation, interaction behavior and so on.

Feedback goes one step further than awareness by providiagigtive information of what is going on in the group
over a long period of time (e.g. constantly showing to eacugmember the absolute or relative amount of the con-
tributions of others). Furthermore, feedback may be obthabout the emotions and motivation of participants thinoug
asking them about these states. In all cases, feedbaclesmgiteiving information simultaneously both synchrohous
and asynchronously since the history information showmigiouously updated.

During the feedback process, all new information commugeitdo the users will have been previously collected,
classified and analyzed by the CSCL Knowledge Managemenpaoemt. As a consequence of the complex knowledge
provided to participants in form of feedback (e.g. group&mer relative and absolute amount of contributions, gsoup
members variation in motivation and emotional state dulasgtwo hours, etc) this subsystem makes a strong use of the
statistical analysis and need to show the results obtamedmplex graphical formats.

In this subsystem Cabdallet al., 2007e) certain generic entities are defined sudtissmy, pool and diagramand
functions such as sorting. Based on these abstractiongdsisible to dynamically gather and store great amounts of
history data and statistical results from the group agtivitorder to constantly update and present them to partitigia
the appropriate diagrammatic form (e.g. pie chart, histoty, etc.).

So far, the Platform Independent Model have been describedodel a generic, reusable approach of the CSCL
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domain. Next section deals with the provision of technoltmthe PIM model

3.4 Software technology for systematically engineering CSCL applications

Following the principles for GP and MDA developments, orfese five components forming the PIM of the CLPL have
been fully analyzed and designed, they are to be realized ggiecific technologies. To this end, two different Platfor

Specific Model (PSM) have been constructed so far from the: RliMIObject-Oriented (OO) approach by means of a
Java implementation and an approach that follows the Se@itented Architecture (SOA) principles. Both technology

approaches are described in detail and justified their usbdaealization of the CLPL, especially from the GP starndipo

3.4.1 The feasibility of Java for the construction of reusal# CSCL software

The first PSM of the CLPL with Java programming language dutstgreat predisposition to the adaptation and correct
transmission of generic software design, which make thisveoé highly reusable (see Calga#ind Xhafa, 2003a and an

example in Figure 3.17). To this end, in order to encourageghsability of the CLPL components the basic requirements
forming the PIM are designed separately with OO methodoldgwrder to maintain intact the ideas of GP design that

are found, an implicit logical layer is implemented thatatess a correspondence between the GP and OO design.

package clpl.users;

import gpl.users.?*;

rEE]
* Mlpstract class carrying out the logic part of the group creation within a CS5CL enviromment.<br>
* Rauthor <a href="mailto:scaballeBuoc.edu">3anti Caballé Llobet</a><br>
* [@see <a href="http://cv.uoc.edu/~sceballe/gpl/api/gpl/users/GenericUserCreation/ ">gpl.users.GenericlUserCreation</a><br>
* [Bversion 1.0a; 15-12-2003; java version "1.2.2"<br>
+

public abstract class CLGroupCreation extends GenericlUserCreation{

,’ LR
* COnNSCEUCTOr Without parsmeters from the class CLGroupCreation.<br>
* Creates a group.<br>
* {pre: the group does not exist in the data store. ) <br>
% {post: the group has been created in the data store.}l<bhr>
w}}
public CLGroupCreation() throws GenericUserException, Exception {
1

Figure 3.17: An example of the Java-based PSM of CLPL as cdesidn.

In codifying the PIM of the CLPL in Java the main objectivesGR® and Java’s characteristics were matched:

e Reusability and extensibility allow software to adapt tonmanterrelated problems, which is the main aim of GP.
Java has many mechanisms such as Object type and interfhebstnact class which make the CLPL fully suscep-

tible to reutilization. The independence of the platformkemthis skeleton portable to most known environments.

e The great potential for the reutilization of GP makes it rssegy to guarantee a level of maximum quality. Java has

a powerful mechanism of exception management which inesstfie robustness of the library and hence its quality.
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e Thejavadocdocumentation provided by Java also increases quality dlt&ing the test phase and maintenance.
GP aims to create software which is as general as possiteuwtitosing efficiency by finding the most abstract

form of software.

e The simplicity of Java allows the programmer to concentoateéhe mechanics of specialisation without having
to control minor details. Applications with strong usereirgction, such as the library, minimize both the relative

decrease in performance due to java being interpreted angktimalization for the casting on use of Object.

e The increase in productivity is obtained by the reutiliaatof existing components. Java has large stores of highly
reusable useful code (data structures, etc.) that allowes timbe written better and faster and so clearly favoring

increased productivity. This Java-based PSM is faithfuhis idea.

e Once generic software based on GP has been built, it is thegssary to personalize it to a subgroup of particular
requirements so that a specific use within an iterative cytkbstraction/personalization can be made of it. Due
to Java’s capacity, it is feasible to specialize the comptmef a generic library such as the CLPL components in

different ways.

As a result this Java-based PSM is made up of five package$ whitstitute the skeleton of the basic structure of
whatever application of this domain is constructed usimgBSM. The Javadoc documentation of this PSM of the CLPL
is found at http://clpl.uoc.edu.

As mentioned previously (see first section), the CLPL is digaarization of the General Purpose Llibrary (GPL)
(Cabalk and Xhafa, 2003b; Caballand Xhafa, 2003c) platform, which was developed followtng same principles
of the CLPL. There exists also a Java-based PSM of the GPLewmsdoc documentation in the form of Application

Programming Interface can be found at http://cv.uoc.esdalte/tfc/api.

3.4.2 Onthe advantages of using service-oriented architeres for CSCL

The second PSM of the CLPL was developed following the ppiesi of Service-Oriented Architecture (SOA) and real-
ized using Web-services (Cal&l2008d; Cabad#, 2007g).

SOA (W3C Working Group, 2004) represents the next step in dfftevare development to help organizations meet
their ever complex set of needs and challenges, espeaiatlisiributed systems. This is achieved by dynamically dis-
covering and invoking the appropriate services to perforrecquest from heterogeneous environments, regardless o
the details and differences of these environments. By ngatkia service independent from the context, SOA provides
software with important non-functional capabilities fastdibuted environments (such as scalability, heterotjg@ad
openness), and makes the integration processes muchteasibieve.

SOA relies on services. According to W3C Working Group (20@43ervice is a set of actions that form a coherent
whole from the point of view of service providers and servieguesters. In other words, services represent the bmhavi

provided by a provider and used by any requesters based nnhednterface contract. Within SOA, services:



82

e stress location transparency by allowing services to béemented, replicated and moved to other machines with-

out the requester’s knowledge,
e enable dynamic access as services are located, bound akednat runtime,

e promote interoperability making it possible for differesmganizations supported by heterogeneous hardware anc

software platforms to share and use the same services,
e facilitate integration of other existing systems and thieggrt previous investments (e.g. legacy assets),
e rely on encapsulation as they are independent from otheicesrand their con-text,

e enhance flexibility by allowing services to be replaced withcausing repercussions on the underlying systems

involved,
o foster composition from other finer-grained services.

Organizations leveraging the key properties of SOA reatiaey benefits (Cabd) 2007g). By location transparency
as well as dynamic discovering and invocation of a servigiwsre mobility becomes a reality. This allows organiaas
to have the flexibility to move services to different maclsivéithout having repercussions on the underlying system
involved. Furthermore, location transparency also presatalability and availability without the client’s knaelge
as it is possible both to scale the number of instances ofipfeiervices which are running on multiple servers and to
support fault-tolerance by redirecting a request to acaplihen a server is unavailable.

Despite SOA can be realized with other technologies, owvelatst few years Web-services has come to play the major
role in SOA by providing a set of standard protocols that nteetmain needs of SOA, such as XML, UDDI, WSDL,
SOAP and HTTP (for an overview see Chapter 1 and W3C Workingigr2004). This is because these protocols allow
a service to be platform - and language- independent, dy@iyniocated and invocated, and interoperable cross over
different organization networks. As a result, Web-sersitachnology provides lower costs of integration along with
flexibility and simplification of configuration.

There are a great deal of similarities between collabadaarning needs and benefits provided by SOA (Caball
2008d; Caba#, 2007g; Caba#l and Daradoumis, 2005d). As a result of this matching, SQars to be the best choice
to support the development of the most pervasive and cluatigreollaborative learning environments. In the CSCL
context, SOA enhances educational organizations by isrgdhe flexibility of their pedagogical strategies, whadn
be continuously adapted, adjusted, and personalized to gmrific target learning group. Moreover, SOA facilitates
the reutilization of successful collaborative learningpesiences and makes it possible for the collaborative iegrn
participants to easily adapt and integrate their currest peactices and existing well-known learning tools intavne
learning goals.

Therefore, in order to increase flexibility and interopdigh the second PSM of the CLPL relies on SOA as it

represents an ideal context to support and take advantdogpetothe latest trends of software development and the tienefi
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provided by distributed systems for the demanding requergsiof the CSCL applications to be completely satisfied (see

Chapter 4). Using SOA in the context of the CLPL offers theléwling key advantages (Cabalét al., 2007g):

e Simplifies the encapsulation mechanism that is necessaigda common inter-face of diverse implementations

e Adapts CSCL applications to changing technologies.

e Easily integrates CSCL applications with legacy learniystems and tools.

e Updates pedagogical models and learning tools withoutieguspercussions on the underlying learning systems

and platforms.

e Quickly and easily create and update a learning processdsasting services.

Web-services were the implementation technology chosethi® CLPL's PSM given the widely adopted protocols

and standards, which represents the rationale of the Weizes approach. These standards represent a suitabkxtont

to guarantee interoperability and scalability by takingajradvantage of the distributed technologies. This resuilt

a collection of WSDL files organized in directories that aréoeatically turned into generic, functional Web-services

implemented in the desired programming language and altpwevelopers to implement these services according to

specific needs (Cabéllet al., 2007¢e; Cab&l] 2008d; See also Figures 3.18 and 3.19). Both the WSDL filégten

Web-services of this entire CLPL's PSM are found at httfpl/aoc.edu/src/clpl-wsdl.zip.

<wsd]:message

<wsd]:
<wsdl
<wsd]
<wsdl
<wsdl
<wsdl
<wsd]
<wsd]
<wsd]

<wsdl

part

tpart
ipart
ipart
jpart
ipart
ipart
ipart
tpart

ipart

name="groupCreationrRequest”>

name="usersessionld" type="soapenc:string"/>

name="cscluserGroupid" type="soapenc:string"/>
name="groupFunctioningmark" type="soapenc:string"/>
name="groupoutcomes" type="soapenc:string"/>

name="groupType" type="soapenc:string"/>
name="csclUsercoordinatorid" type="soapenc:string"/>
name="cscluUserTutorIid" type="soapenc:string"/>
name="cscluserGroupmembersIds" type="impl:Arrayof_soapenc_string"/>
name="csclworkspaceld" type="soapenc:string"/>

name="groupExtrabata" type="impl:arrayof_xsd_anyType" />

</wsd] imessage>

Figure 3.18: Excerpt of a WSDL file as an example of the serwigented PSM.

To sum up, the combination of MDA, SOA, and Web-servicesltesn a platform-specific model (PSM) as a collec-

tion of WSDL files organized in directories. They are autouoadly turned into generic web-services by Apache Axis

allowing developers to implement the services accordirgpteific needs and using the most appropriate language.

4Apache Axis forms part of the Apache Project, found at htipathe.org/axis (Web page as of April 2008)
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i
I

public
public
public
public
public
public
public
publie
public
public
publie
public
public
public
public

The ultimate aim of the CLPL is to enable a complete and effeceutilization of its generic services and components

* C5CLUserManagement PortType.java

* Thiz file was asuto-generated from WSDL

by the Lpache Axis 1.4 kpr 22, 2006 {(06:55:48 PDT) WSDLZJava emitter.
package clplvs.users.user.business;

public interface CSCLUserManagement PortType extends java.rmi.Remote |

vold startUserInterface() throws java.rmil,RemoteException, clplus,users,user.business,CSCLUserManagementException;

void closeUserInterface() throws java.rmi,RemoteException, clplvs,users.user,business.CiCLUserManagementException;

void startUserDisklansger () throws java.rmi,RemoteException, clplvs.users.user.business,C3CLUserNanagementException;

wvoid closeUserDiskMansger () throws java,rwi.RemoteException, clplws.users.user.business.CSCLUserEanagementException:

java. lang.Object groupCreation(java.lang.String userSessionld, java.lang.S3tring csclUserGroupld, java.lang.String groupFunctioningMark, java.lang.Str
jawa. lang.Object groupModification(java. lang.String user3essionld, java.lang.String csclUserGroupld, java.lang.String groupFunctioningMark, java. lang
java. lang.Object[] groupsConsultation(java.lang.8tring userSesaionld, java.lang.String[] csclUserGrouplds, java.lang.Object[] groupExtrabata) throws
java. lang.Object groupsElimination|java. lang.String user3essionld, java.lang.String[] cselUserGrouplds, java.lang.Object[] groupExtraData) throws jan
java.lang.Cbject userCreation(java.lang.String userSessionld, java.lang.String csclUserld, boolean userIsBlock, java.lang.String[] csclUserGroupNembe
java. lang, Chiect[] usersConsultation(java.lang.String userdessionld, java.lang.String[] csclUserlds, java.lang.Object[] userExtralata) throws java.rr
java, lang, Gbject userModificacion(java.lang.String userSessionld, Java.lang.String csclUserld, boolean userIsElock, java.lang.String(] esclUserGroupl
java. lang,Object usersElimination(java,lang.String userSessionld, java.lang.String[] csclUserlds, java,lang.Chject[] userExtraData) throws java.rmi,l
java, lang,Chject userBlock(java.lang.String userSessionld, java,lang.String csclUserld, boolean userIsBlock, jave.lang.Object[] userExtralata) throw:
java.lang,Cbject[] treatUserData(java.lang.String userSessionId, java.lang.Object[] userData) throws Java.rmi.RewoteException, clplus.users.user.bus:
java, lang.Cbject[] treatGroupData(java.lang,.3tring userSessionld, Jjava.lang.Object[] groupData) throws java.rmwi.RemoteException, clplvs.users.user.b

Figure 3.19: An example of a Web-service generated in a Bp@cogramming language (Java).

as the skeleton for the construction of any collaboratieerieg application, and in particular CSCL applicationbus,

this platform implements the conceptualization of the faméntal needs existing in any collaborative learning égpee.

In addition, the CLPL is highly interoperable in distribdtenvironments permitting complete flexibility of the sees

offered

in terms of implementation languages and undeglgoftware and hardware platforms.
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Chapter 4

Distributed and Grid technology for the

enhancement of CSCL

Over the last decade, educational organizations’ needs l@@n changing in accordance with ever more complex ped-
agogical models as well as with technological evolutiorultésy in e-Learning environments with very dynamic and
changing teaching and learning requirements (Pankawiu¥/ossen, G. (2003)). In particular, these needs invoke e
tending and moving to highly customized learning and teagforms in timely fashion, each incorporating its own ped-
agogical approach, each targeting a specific learning godl.each incorporating its specific resources. Organizsitio
demands also include a cost-effective integration of legaw separated learning systems, from different insoitusti
departments and courses, which are implemented in diffé@aguages, supported by heterogeneous platforms and dis
tributed everywhere, to name some of them (Zaheer et al5)200

In addition, collaborative learning environments mustvile advanced enablement for distribution both of collabo-
rative activities and of the necessary functionalities Eaaning resources to all participants, regardless thatime of
both participants and resources. The aim is to enable thaboohtive learning experience in open, dynamic, larggesc
and heterogeneous environments (Céabetlal., 20079).

From this view, one of the main challenges in the developroéntodern e-Learning systems and in particular col-
laborative learning applications is to overcome importaort-functional requirements arisen in distributed envinents
such as performance, scalability, flexibility, availatyilinteroperability, and integration of different, heigeneous, and

legacy learning systems. Specific requirements include:

e wide geographical distribution of learners and tutors wha potentially belong to many different educational

institutions,
e access from anywhere, on any learners’ computer platfodraag software,

e support for a growing load of learning resources and usetsaghess these resources,
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e transparent access and share of a huge variety of both sefamd hardware learning resources,

e multiple administrations from different departments angbamizations with specific educational policies,

e inherent dynamism of learners’ and tutors’ needs and chgrigarning resources,

o flexibility to reuse pieces of learning resources of diffeérgranularity according to specific needs (e.g. customize

a curricula by reusing specific learning activities withfelieént input data),

e ease to personalize, update, and meet learning resour@estiuyctors and learners without technology skills.

Finally, as a consequence of the complex knowledge providgrrticipants in CSCL practices (e.g., constant and
automatic learner’s assessment according to quantitatislequalitative parameters of the interaction), a huge anafu
information is generated from the group activity and gatdansually in data log files (Xhafa et al., 2004). Therefore,
there is a strong need for powerful solutions that recorddtge volume of interaction data and can be used to perform
an efficient interaction analysis and knowledge extract®nd technology is also increasingly being used in thistexin
to reduce the overall, censored time in processing datakiyg@advantage of its large computing support (Cabatlal.,
2005; Paniagua et al., 2005).

In order to deal with these issues, distributed technolsggh as Grid (Foster and Kesselman, 1998) is increasingly
used for complex areas, which are computationally intenaivd manage large data sets. These features form an ide:
context for supporting and meeting the described deman@iggirements of collaborative learning applications arsd,

a result, providing them with important additional benefisch as wide geographical distribution of resources,ipielt
administrations from different organizations, transpaeecess to the resources, and so on.

In this chapter, distributed and Grid technology are takes step further and presented as a three-fold approach:

1. The combination of Web and Grid services as a basis to falplab Collaborative Learning Management Sys-
tems, which may considerable enhance and improve the co#libe learning experience in highly distributed

environments (Cabad| 2007b).

2. The use of distributed technology to meet certain requergs which are especially frustrating when they are not
fulfilled appropriately during the collaborative learniagtivity, such as fault-tolerance, scalability, performe,

and interoperability (Cabadllet al., 20079).

3. The provision of a Grid-approach for the specific purpdskata intensive computational needs in processing group
activity log files and thus allow group learners and tutongt®ive relevant and selected knowledge about the group

activity even in real time (Cabdllet al., 2008a).

Next sections develop each of these three approaches ih deta



Distributed and Grid technology for the enhancement of CSCL 87

4.1 Collaborative Learning Management Systems

In this section, it is proposed an innovative extension a&rbéng Management Systems (LMS) to the groupware domain,
resulting in Collaborative Learning Management Systenid8) (Cabalk, 2007b) with the aim of guiding developers
in meeting the demanding requirements found in this doni&anthis end, the merge of service-oriented infrastructures
(SOA), learning management systems, and grids for the stppG@SCL. The SOA paradigm (see sub section 1.2.2 for an
overview of SOA) plays the key role in this scenario by vismonthe entire CSCL needs in terms of flexible, independent,
autonomous, interoperable services. To this end, a lageneice-oriented architecture for CLMS is proposed caorirtgi

the main service needs identified in CSCL. This serves astastap for the development of real CLMS applications
by using widely adopted standards, such as those providetfeiyservices (see sub section 1.2.2 for an overview of
Web-services), which may also benefit the learning procetsflexibility and simplicity in the personalization of the
pedagogical strategies along with lower costs of integnatiThrough the exploitation of CLMS in real contexts, it is

expected to greatly enhance and improve the collaboraaming experience of all participants of the collaboratio

4.1.1 Web and Grid services

Although SOA can be realized with other technologies, olerlast few years Web services has come to play a major
role in SOA due to lower costs of integration along with flébiyp and simplification of configuration. According to W3C
Working Group (2004), a Web service is a software systentifies by a URI, whose public interfaces are defined and
described using XML. Other systems may interact with the Wlvice in a manner prescribed by its definition, using
XML-based messages conveyed by Internet protocols.

The core structure of Web services is formed by a set of wideépted protocols and standards W3C Working Group
(2004), such as XML, SOAP, WSDL, and UDDI (see Chapter 1 fornaamnoew), which provide a suitable technology to
implement the key requirements of SOA. This is so becausethitocols allow a service to be platform - and language
- independent, dynamically located and invoked, interapler over different organization networks, and supportged b
large organizations (e.g. W3C consortium).

Furthermore, when servicing many requests from a highliidiged community, the problem of orchestrating and
managing numerous distributed hardware and software coem® arises. For this reason, the term service-oriented
infrastructure is introduced to denote the resource manageand provisioning mechanisms used to meet quality of
service goals for components and applications (GuiLin@520Grid services come to serve this purpose.

Grid services are essentially Web services with specifieresions or interfaces for use in Grids. Grid services play
the central role of the Open Grid Services Infrastructur&®0, which intends to provide an infrastructure layer for
the Open Grid Services Architecture (OGSA) (OGSI, 2003)th&t core of OGSI, a Grid service is a Web service that
conforms to a set of conventions for such purposes as sdif@time management, inspection, and notification of s¥vi

state changes. Grid services provide for the controlledagament of the distributed and often long-lived state that i
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commonly required in distributed applications (Czajkoinetlal., 2004).

Since the replacement of OGSI in favor of the Web Service ResoFramework (WSRF) (Czajkowski et al., 2004),
Grid services have been replaced by stateful Web servicesn@ other features), and the term Grid service becomes
obsolete. WSRF addresses the relationship between Welteemamd stateful resources through a set of conventions
expressed through composable Web services specificationss the WS-Addressing standard (Czajkowski et al., 2004).
However, from the literature, the term Grid service is sillin order to distinguish between those services involved i
the core grid level and stateless, typical Web-servicesementing grid applications, at the user level. For the liedex

of this paper, this view of Grid services will be taken.

4.1.2 Service needs in collaborative learning

This section explores the most common existing e-Learnaggia identified in educational organizations. To this end, a
overview is provided with the core services required to supgollaborative learning applications. The servicesprged
have been chosen by, first, intersecting the most successfedrning frameworks and systems such as’£L&F?, and
OKI 3. Then, services no specific for CSCL have been omitted. Ilgjr@8CL-specific services of each framework have
been added even though they keep outside the intersectatraliE; 2007b).

In order to provide a readable, useful set of services, theygeouped together following similar criteria as the
frameworks themselves do. Therefore, this section focose#/o main service layers, namely common and application

services. In addition, core grid services for e-Learnindgare proposed based on literature.

4.1.2.1 Common services

The services in this sub-section are general purpose sthamay form the basis to any e-Learning environment and
may be common across multiple application domains. Commovices provide lower-level functionality which is not

education-specific, but upon which educational-domaivises and users depend:

e Authentication Gather required credentials from an agent, vouches fardléhenticity and introduce the agent to

the system.

e Authorization Allow an application to establish and query a user’s peyés to view, create, or modify application

data, or use application functionality.

e MessagingAllow broadcast of messages to users and groups using@pgtecommunication technology, without

being required to understand in advance the specific dglimechanism that the service implementation will use.

e Logging Enable any other service to be tracked and the corresppnidiormation and events throughout the

system are logged for diagnostic, performance, user andpgawareness, feedback, and so on.

1E-Learning Framework (ELF) is found at: www.elframework.@vgeb page as of April 2008)
2|MS Abstract Framework (IAF) is found at: www.imsglobal.afj(Web page as of April 2008)
30pen Knowledge Initiative (OKI) is found at: www.okiprojearg (Web page as of April 2008)



Distributed and Grid technology for the enhancement of CSCL 89

e Metadata Schema Registiignable access to, and the manipulation of, a registry {yeat #om meta-data schema

typically holds configuration data, application profileggtifiers or other lookup data.

¢ |dentifier. They are responsible for producing and making availalzimieg objects identifiers.

e Archiving Support access to remote storage facilities for storageetrieval of arbitrary static content.

e Workflow Provide a way to manage an interdependent succession iatiesteach of which has completion

constraints.

e Search Enable the discovery of learning materials and otheredlatformation delivered from a system.

e Service directory Hold information about entities such as services, othgosiories, people and organizations,

and provides support to the finding of available services.

e Agent These are an abstraction of an agent, device, etc. thatmlygle basic information such as id, name, type,

role, properties and contact information.

e User PreferencesProvide machine-readable information about users’ paigweferences, and allows user agents,
such as portals, to automatically configure themselvesdudiqular end-users and to prevent end-users from having

to enter their preferences into multiple user agents.

4.1.2.2 Application services

The services in this category are educational domain deperahd provide the functionality required by agents. Appli
cation services may be implemented so that they have somefsmer interface. Their key requirement is to expose their
functionality for reuse by any number of agents or otheriapfibn services, while implementing a standard interface

support this reuse.

e Sequencing Define the data structures and interfaces responsibleefggrithing the set of possible presentation

sequences for the collection of content resources.

Content ManagemenProvide mechanisms for the creation, flexible managenmehpablishing of content.

e AssessmentSupport the use of automated assessments. The assessasentation and reporting is managed at

the group and individual level.

Grading Record the grades, comments, attendance, and scoresttioleatsor group.

Group. Handle the creation, deletion, updating and reading afiggo

Member Handle the creation, deletion, updating and reading afijgroembers.
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e Course ManagemenHandle the creation, reading, updating and deleting dswofilearning, courses, modules as

well as people information, membership of units of learnitg.

e Collaboration Abstract service supporting specific synchronous andasgnous collaboration, such as forum,

chat, and whiteboard services.

e Coordination Abstract service supporting specific learning group fdromeand the definition and planning of the

group objectives, such as calendaring and schedulingcestvi
e CommunicationAbstract service supporting specific interaction betwesars, such as e-mail.

e AwarenessAbstract service reporting users/groups of what is hajpgen the learning activity, such as alert, and

presence services.

4.1.2.3 Core Grid infrastructure services

From the literature (Sotomayor and Childers, 2006; Ali et 2004, and others), there exist many service-oriented in-
frastructures for use in grids. They provide a cross-dorsainof Grid services. By intersecting them with the CSCL
and e-Learning domains (see the above-mentioned e-Leginaimeworks : ELF, IMS, OKI, and Pankatrius and Vossen,

2003), core Grid services for collaborative learning caulfzsvn:

e Sign-on Provide authentication, authorization, and access abiair data and computing resources.
e Data Catalog Allow datasets to be looked up based on meta-data.

e Lookup Represent the main entry point to access the Grid. Thewallnmamic lookup of the Grid services,

eliminating the need to know the service locations in adeanc
e Policy. Set the access rights, rules, and permissions to allovg usgents, and applications to use Grid services.
e SchedulerResolve a job execution plan for Grid applications. Thep aubmit the plan to the grid for execution.

e Replica ManagementAdd to Grid robustness and scalability by providing theatality to copy and move data

around the Grid.
e Replica SelectianLocate the optimum replica to use for processing.
e Steering and optimizatiorAllow job requests to adapt to the dynamic environment ef@rnid.

e Monitor. Provide information on the current state of the job planeyrkeep track of the current state of the job

and the resources on which jobs are submitted.

e Accounting Enable a fair access to resources as specified by policies.
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e Estimators Provide feedback to users, agents, and applications &baumuch resource a particular action might

take.
e Job ExecutionExecute a set of jobs as part of a job plan.

e Data Collection Provide a way for the application to obtain the final restdf the execution of the job execution.

4.1.3 Towards service-oriented collaborative LMS (CLMS) grids

Despite the many e-Learning Grids appeared over the lass,yaavery few (Bote et al., 2007) are entirely focused
on collaborative learning in a service-oriented fashianthis section, the merge of CSCL, service-oriented e-liegrn
Grids, and the use of Web and Grid services as implementigtdogies, lead to an innovative approach of Collabogativ
Learning Management Systems (CLMS) for use in grids.

The main reason of creating service-oriented CLMS grids péoduce and consume flexible, interoperable, available,
reduced-cost services so as to realize the different pegitzjanodels designed to fulfill the collaborative learngaals.
In addition, these services can be shared and reused bysthef the organization and cross over different CLMS in the

educational sector.
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Figure 4.1: Architecture for a CLMS grid.

In Figure 4.1, a fully service-oriented layered architeetior CLMS grids is provided to demonstrate the feasibaity
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the approach (Cabé&l] 2007b). This architecture is kept as simple as possitileasdechnical complexity are hidden (e.g.
specific protocols and connectivity issues) and the keyaspan show up. Itis made up of two parts: the CLMS and Grid
infrastructure. The former is based on the common and agfait services for CSCL needs described in the last section,
which are realized as Web services. The latter consiststbf ®8CL-specific and standard grid infrastructure seryices
which are realized as Grid services (i.e. stateful Webises). Next, the architecture is described in a top-bottaag, w
using simple terms.

At the upper level, all collaboration actors, equipped Wit a Java-enabled browser, see a set of CSCL applications
which they interact with according specific pedagogicallgo8efore the collaboration starts, the tutor is in charfje o
planning and designing appropriate collaborative tasksst&sl by specific learning design tools s/he will reach fgy th

browser.

All application functionality is packaged in high level cponents or abstract services. This will serve to group
and organize the whole behavior available as course-gtainatent-related packages of services so that they can be
individually reused and located nearby each other. At tixleegel, these packaged services are used in the concrete fo
they were created or with certain degree of compositionhis point, orchestration and choreography standards (W3C
Working Group, 2004), such as BPEL and WS-CDL, may enter tp sl important role by dynamically form the most
suitable grain of service to be used. In any case, an indepeisérvice or group of services is to solve a specific users’
and system’s need, such as authentication, check the ggertieng the last event.

From this point down, the architecture is about entering3hid infrastructure. When accessing a grid, some services
come to play in the form of external libraries. They are tparent from the application and prepare the current traiosac
for entering the grid. These services are dependent frospibefic environment used to deploy and run the Web services.
and are used for administrative, security, and configungiiorposes.

In the grid, the appropriate computational and data ressute serve the current CSCL transaction are discovered,
replicated, monitored and executed according to a job sdbedll these agents and operations are seen as Grid sgrvice
(e.g., look up, replica management, monitor, job execysoheduler, etc.), and thus they are used as servicespartpr
a specific CSCL function.

Finally, each CSCL Grid service invokes the suitable seruiservices provided by the underlying standard framework
(i.e. WSRF), which is implemented by the chosen grid middlewdatform, such as Globus Toolkit 4 (Sotomayor and
Childers, 2006). WSRF provides composable Web servicesfeagions such as the WS-Addressing standard, which
provides capability for transport- neutral mechanismddoating stateful Web services. WSRF is on top of the Resource
layer (i.e. Fabric layer in the Grid architecture), and itdsponsible for conveniently accessing the resource stegie

From the architectural view, all CSCL support is modeledeasises. This provides collaborative learning with high
degree of flexibility. No longer have group participantgrténg resources, and infrastructure to be tied up in a physi

location, but mobility and update are greatly achievecdeiadt

Standard protocols used by Web and Grid services guarardagenmm interoperability and so legacy and external



Distributed and Grid technology for the enhancement of CSCL 93

CSCL applications can easily join the CLMS and also fostasee This allows educational organizations to share their
distinct pedagogical models and experiences in the CSCladom

On the other hand, the fine-grained service-oriented appraad the use of Web protocols may cause repercussion:
on the global efficiency of the CLMS. However, the speed-ugvigled by using grid technology is expected to reduce it

and make the system run smoothly.

4.2 Distributed technology for the enhancement and effectiveness tfe col-
laborative learning process

From the experience at the Open University of Cataloniaagerequirements are especially frustrating when they are
not fulfilled appropriately during the collaborative learg activity, such as fault-tolerance, scalability, peni@ance, and
interoperability. They may have considerable repercussmn the learning performance and outcomes as their lack

impedes the normal learning flow as well as discriminatesikra in terms of technology skills and technical equipment

e Fault-tolerance(Cabalk et al., 2007g) refers to provide permanent access to theingaenvironment and its
resources from anywhere and at any time, even in the presérgstem failures. The temporary lack of service due
to technical difficulties prevents students from fulfillittge learning task in time as well as to meet and collaborate
with others as scheduled. Hence, it is expected that theitepsystem is able to seamlessly recover from failures

and keep providing the service.

e Asystemis told to becalable(Cabalk et al., 2007g) if it is able to bear a growing load of both tgses and users
who may access concurrently to these resources as well #ietaata-intensive and complex functionalities with-
out causing performance repercussions on the underlyistgrsysupporting the learning environment. Indeed, a
system performing poorly is one of the most frustrating atpeuring the on-line collaborative learning experience
as it makes participants’ requests be waiting for long pkiof time to be served. In order to keep on providing a
high level of quality of service, a learning system shouldnskessly scale to new resources of both hardware and

soft-ware at the same pace as the workload increases.

e The gain inperformancgCabalk et al., 2008e) might help, for instance, include more cempiformation of the
collaboration to be generated and presented in real timeh (88 modeling the participants’ behavior during the
discussion by combining individual and group session amigation information) as well as to make an in-depth
analysis through data mining techniques to provide tutdtls wngoing progress of students learning during the

discussion activity.

e The benefits from having aimteroperableenvironment (Cabad, 2007b) is to provide students and tutors with

transparent access and share of a large variety of bothaefand hardware learning resources. Users using any
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computer platform and software should be able to collakoaatong them and interoperate with all the existing
resources. Interoperability (Cabgll2008g) includes supporting users with little technolskiyls by avoiding the
need to set up anything on the client side. Moreover, this imgyove the overall learning experience by avoiding
the repercussions derived from redundancy and inconsistehexisting databases and information systems in
general (e.g., unifying the authentication process satttgatiser has access to all learning tools by logging in them

just once) and integrating seamlessly external and legexdy &nd applications.

The aim of these entire improvements is both to enhance thetigeness of complex collaborative learning processes
(e.g., by avoiding a central point of failure) and stimultite learning experience by describing and predicting stisde
actions and intentions as well as adapting the learninggsoto students’ features, habits, interests, prefereandsso
on. We plan to explore these interesting possibilities ertbxt iterations of the DF design.

In order to deal with these issues, software techniques anadfgms have been evolving all the time to mainly
provide higher levels of abstraction and transparency abdbvelopers can reuse and integrate not only functignalit
and components but more complex yet larger pieces of satwadeed, transparency plays a key role in the design of
appropriate learning systems that support strong falétaace, dynamic scalability and inherent interopergbhiéimong
others requirements. However, although transparency &as greatly enhanced in the e-Learning domain, the barrier
of technology incompatibilities and a poor quality of seevmake the learners’ experience ineffective and diffictiém
interacting with the learning system (Calgal2007b).

To that end, on the one hand, service-oriented architechaee come to play a major role in the context of e-Learning
due to the benefits that provide in terms of interoperabéityong heterogeneous hardware and software platforms, inte
gration of new and legacy systems, flexibility in updatin§ware, and so on. On the other hand, distributed technology
such as Grid (see chapter 1 for an overview of Grid) has erdegggextend to a large-scale, flexible, secure, coordinated
resource sharing among dynamic collections of individualstitutions, and resources (Foster et al., 2001). These f
tures form an ideal context for supporting and meeting thetimeed demanding requirements of collaborative learning
applications.

In this section, these entire approaches are taken furtineudgh the intensive use of the Collaborative Learning
Purpose Library (CLPL) (see Chapter 3 for a complete desonpbased on fine-grained Web-services (OMG, 2004),
especially designed to take great advantage of distribigtgthology and help develop enhanced collaborative legrni
systems. The ultimate goal is to provide support for medtiegdemanding requirements found in the CSCL domain and

considerably improve the effectiveness of the collabeedgarning experience.

4.2.1 The CLPL on a distributed infrastructure

In order to fulfill the functionalities designed in the CLRhe primary principle was to provide a broad set of indepahde
fine-grained Web-services grouped by a particular purgss as the authentication process and the presentatiba of t

feedback extracted. The goal was both to enhance the figéxibithe development of CSCL applications and to ease the
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deployment of these applications in a distributed envirenim

To that end, each particular behavior of the CLPL is discosepdnto three specialized web-services matching each
of the three layers of a typical software development, ngrasér interface, business and data (Gomaa, 2004; @aball
et al., 2007e). As a result, the completeness of each spbetfiavior goes through three separate, necessary, sejuenti

steps that connect to the client on one side and to the parssbrage (e.g., database) on the other side.

For instance, the authentication process is formed by iflsrent, independent web-services, namely the authenti
cation user interface, the authentication business, anduthentication data. Thus, when the user tries to log églibnt
code calls the authentication user interface web-servib&h is in charge of collecting the credentials presentethb
user. Then, this web-service calls the authenticatiomiassiweb-service so as to verify the correctness of thestinprit
(e.g., input no blank, well-formatted, etc.). Moreoverpast of the business process, this web-service validagessérs’
input upon the information existing in the database by ieglthe authentication data web-service, which is resptnsib

for accede the data-base and extracting the authentiadditarof the user.

A clear, independent, and separated vision of each singlaviier of the CLPL into fine-grained task-specific web-
services results in a natural distribution of the applaainto different nodes in a network. This distribution iszén by
matching the web-service purposes and the node configaratid location in the network. According to this view, the
web services in the user interface layer should be alloca¢adby the client; the business web-services would berbette
suited if allocated in those nodes with high-performanaeessors, and, finally, the data web-services could behaitiac
or nearby the database supported by nodes with high stosggbitity. As to the database, it can be also distributedl as i
is clearly separated from the data web-services, whichavbelin charge of updating and keeping the consistency of the

different instances of the database.

The work methodology proposed by the CLPL offers total fléitjpas to where (i.e.., network node) to install
both each learning system function (i.e., CSCL behaviod) @ach layer of this function (i.e., web-service). Moreover
the widely adopted standards of the Web-services techndleg., HTTP and TCP/IP) help communicate the web-
services with each other in a network just using their IP aslsland passing through firewalls and other barriers that oth
technologies have problems to over-come. On the other liaack exist many open-source technologies that deal with
Web-services, such as Apache Tomcat and Axis, allowingldpees to easily use and deploy the services provided by

the CLPL.

In this context, both the independence between the fineguaservices provided by the CLPL and the use of key
techniques found in the typical distributed developmeamthsas replication, produce many important benefits. Indegd
installing and deploying replicas of the web-services edirdhe network fault-tolerance is easily achieved by estting
a request to an exact replica of the web-service when a natisis. Concurrency and scalability become natural in this
context by parallelizing the users’ requests using as mapljcas as necessary. Finally, interoperability is inheiethe

context of web-services technology as they are fully indeleat from hardware platforms and programming languages.

To sum up, combining the generic view of CSCL domain providgdhe CLPL, the Web-services technology, and
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leveraging distributed infrastructure, the realizatidrihe most demanding requirements existing in the CSCL envir
ments becomes a reality. In order to validate this appra@bhpter 5 presents a proof-of-concept that takes placesin th

real context of learning the UOC.

4.3 Efficient embedding of information and knowledge about group activity

into CSCL

This section investigates how to efficiently provide effeztknowledge extracted from the information collected in
Computer-Supported Collaborative Learning (CSCL) emuinents as essential aspect for any form of cooperation,
namely coordination, communication and collaboratiorléBbourg, 1999). It allows for implicit coordination of itab-
orative learning, opportunities for informal, spontan@cammunication, and gives users awareness (Gutwin e8ab)1
and feedback (Zumbach et al., 2003) about what is happeniriggicollaboration.

Indeed, it is crucial for group members to be aware of othgasticipation in the collaborative process as this may
enhance the collaboration a great deal in terms of decisiaking, group organization, social engagement, support,
monitoring and so on (Dillenbourg, 1999; Daradoumis et2006). Moreover, providing appropriate feedback about
the collaborative activities may impact positively on thetivation, emotional state, and groups’ well-being in orel
collaborative learning by means of a steady tracking of ppatars related to group functioning, task performance and
scaffolding (Daradoumis et al., 2006) and by giving a camsieedback of these parameters to the group. Note thatsan thi
context information refers to quantitative and qualitatilata generated by the learning group whereas knowledges ref
to the result of the treatment of this information in term&nélysis techniques and interpretations that will be prtesk
to the same group that generated it.

Therefore, participants in a collaborative learning eiqgrare may greatly enhance their abilities by increasing the
knowledge about others in terms of cognitive processes kitid sf the students and the group as a whole in solving
problems, individual and group effectiveness regardintjgpation and interaction behavior, social support aalptand
so on. As a result, the success of CSCL applications deperalgiteat extent on the capability of such applications to
embed information and knowledge of group activity and ude @chieve a more effective group monitoring as well as
constantly provide group members with as much awarenesteadback as possible. Awareness (Cabatlal., 2005a)
refers to the knowledge provided to participants about ladtht other participants are doing at the same time and what
they did in the past, whereas feedback (Cabeilal., 2005b) goes one step further than awareness bylprgexhaustive
and elaborated information and knowledge of what is goingqhdhe group over a long period of time. Furthermore, the
persistent storage of the knowledge extracted as group nygi@onklin, 1992) is essential for both students and tutors
since, on the one hand, it allows participants not to accelystioe latest documents and data, which are commonly storec
for later retrieval, but also the context in which they wereated, and, on the other hand, it allows tutors to track the

collaborative learning process for several purposes ssiskatfolding and assessment of the learning outcome.
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In all cases, the provision of effective knowledge impliesaiving knowledge simultaneously both synchronously
and asynchronously since the current and history intenaatata shown are continuously updated. Therefore, on the
one hand, users should be aware of the current activity irgtbep (the contribution of other members, their location
and availability, the users working on a shared documertieasame time and so on) and should know what other co-
participants are doing in real time (e.g. during a multirusgitor session, who is editing and what is being shown). In
an asynchronous context, on the other hand, users must keoactivities performed by receiving deferred information
of who, when, how and where others’ interactions have beefonpeed, and also why these interactions have been
performed, which implies receiving complex knowledge o ihteraction history. However, the supply of efficient
and transparent feedback to users in both synchronous gndhaesnous modes is a significant challenge. Users are
continuously interacting with the system (creating docotsereading others’ contributions, etc.) thus generadita of
events, which, once collected, they must be classified ,gssed, structured and analyzed (Cabatlal., 2005a; Caball
etal., 2007f). As a consequence of the complex knowledgéged to participants (e.g., constant and automatic learne
assessment according to quantitative and qualitativenpateas of the interaction) there is a need for capturingradl a
each type of possible data that could result in a huge amdunfaymation that is generated and gathered in data log

files.

CSCL applications are characterized by a high degree ofussrand user-system interaction and hence generate -
huge amount of information usually maintained in the forneweént type information. In order to capture the interaction
correctly, this event information can be classified intdedt#nt categories such as work sessions, messages, woekspa
documents and many other objects and thus may generatesiaegaf information, especially, in real online collabdrat
learning that comprise complex learning activities to beied out during a rather long period of time and involve a
considerable number of participants. This information rimjude a great variety of types and formats and hence tends
to be large in size (Xhafa et al., 2004). Indeed, at a firstllef/elassification, group activity log files of CSCL appli-
cations are found associated with synchronous (e.g. mséti-editors) and asynchronous collaboration (e.g. dismos
forums). These applications generate different typesfofimation depending on their specific needs and functioms (e
a discussion forum can generate event-type informatiors $0 @apture the participants’ contributions). This infation

can be then stored in different formats.

The experience at the UOC has shown the need to monitor ardatvaeal, long-term, complex, collaborative
problem-solving situations through data-intensive aggtions that provide efficient data access, managementratd a
ysis. As a result, there is a strong need for powerful toad$ thcord the large volume of interaction data and can be
used to perform an efficient interaction analysis and kndgéeextraction. Given the real needs of any online collabo-
rative learning situation, in order to provide differenpég of awareness and feedback, there is a need to captunelall a
each type of possible data that could result to a huge amdtnfosmation that is generated and gathered in data log
files. Moreover, the need to make the analyzed informati@ilae in real time entails to come across with processing

requirements beyond those of a single computer.
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As a matter of fact, most of the existing approaches in tleeditire consider a sequential approach mainly due to
three reasons: (i) processing for a specific purpose (imititig the quantity of information needed for that purpgse)
(ii) processing the information afterwards (i.e. not inlréi@e) and (iii) processing of small data samples, usuaily f
research and testing purposes (i.e. not for real learniads)e The lack of sufficient computational resources is tagm
obstacle to processing data log files in real time and in riéations this processing tends to be done later, which as
it takes place after the completion of the learning actitig less impact on it (Xhafa et al., 2004). With the emerging
Grid technology such a handicap can be overcome by usingritgpatational power. The rest of this section addresses
the sequential versus parallelpproach, which forms the very motivation of this study (€=dalk et al., 2008a for a
complete description). Section 5.5 in Chapter 5 presemsniplementation of the parallel approach and the results

obtained by using Grid technology.

4.3.1 A Sequential Approach

This sub section deals with the problem of extracting usefokmation from the event logs generated by both the BSCW

system and the UOC's virtual campus.

4.3.1.1 The problem of processing log files of the BSCW

For the case of the BSCW, a log processor application in Jagdeveloped, calleBlventExtractot. See Appendix B

for a technical overview of this application. This applicatruns offline on the same machine as the BSCW server anc
uses the daily log files generated by the BSCW server as immpas $o: (i) identify the event boundaries inside the log
file, (ii) map specific information contained in these evefisut users, objects, sessions, etc. to typed data sescaund

(iii) store these data structures in a persistent suppomrder to analyze the performance of this sequential agubic,
specific test battery was designed in which both large ansmfrévent information and well-stratified short samplesaver
used consisting of all the existing daily log files making bp tvhole group activity generated during an academic term
in the computer science subject "Software Development fligcies” at the Open University of Catalonia. This course
involved two classrooms, with a total of 140 students areang groups of 5 students and 2 tutors. In addition, othés tes
involved a few log files with selected file size and event caity forming a sample of each representative stratum and
thus obtaining reliable statistical results using an irgaif size easy to use.

All test batteries were processed by this application oglsi#processor machines involving usual configurationg Th
test batteries were executed several times with differemkload in order to have more reliable results in statistieans
involving file size, number of events processed and executine along with other basic statistics. As an example,
the experimental results from the sequential processitigedventExtractorapplication are summarized in Figure 4.2,
where for each event log file it is shown the relative compeariscale for the file size, number of events and the processing

time. In a similar way, Figure 4.3 presents the processiaglt® of over one hundred event log files involving file size

4The EventExtractor source code, tests and results can bd fuhttp://clpl.uoc.edu/src/EventExtractor.zip (Wetye as of April 2008)
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and processing time showing that the processing time iatioe the size of the log file processed.
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Figure 4.2: Relative comparison scale of a sample of seldoge files with the group activity occurring in 8 random
days of the spring academic term of 2004. Note that due toiffexeht event complexity, the number of events does not
increase linearly with the file size.

However, when executing sequentially in a single machhis g@pplication needs a lot of time and resources to process
such amount of information and hence it is not feasible tastamtly process data log files in real time. Therefore, these
statistical results make evident the lack of computatioesburces as the main obstacle to constantly present kdgevle

to users in terms of awareness and feedback in real time.

4.3.1.2 The problem of processing log files of the virtual capus of the UOC

The on-line web-based campus of the UOC is made up of indiidad community virtual areas such as mailbox,
agenda, classrooms, library, secretary’s office, and s&trdents and other users (lecturers, tutors, adminigtrataff,
etc.) continuously browse these areas where they requesefeices to satisfy their particular needs and interdss.
instance, students make strong use of email service so agimgnicate with other students and lecturers as part af thei
learning process.

All users’ requests are chiefly processed by a collection jphohé web servers as well as database servers and
other secondary applications, all of which provide serticthe whole community and thus satisfy a great deal of users’
requests. For load balance purposes, all HTTP traffic is tyndistributed among the different Apache web servers
available. Each web server stores in a log file all users’ estsureceived in this specific server and the information
generated from processing the requests. Once a day (nanhely00 a.m.), all web servers in a daily rotation mergethei
logs producing a single very large log file containing the lgheer interaction with the campus performed in the last 24

hours.

5Apache HTTP Server Project is found at: http://httpd.apamty/ (web page as of April 2008).
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Figure 4.3: Sequential processing time for every event legsize.

A typical daily log file size may be up to 10 GB. This great amtoafrinformation is first pre-processed using filtering
techniques in order to remove a lot of futile, non relevafdrimation (e.g. information coming from automatic control
processes, the uploading of graphical and format elemetty, However, after this pre-processing, about 1.8 GB of
potentially useful information corresponding to 3,50@@M log entries in average still remains (Carét al., 2005).

Log file entries are structured following a type of format kmoas Common Log Format (CLEyhich is produced
by most of web servers including Apache and is fairly confidple. For the purpose of registering the campus activity,
log files entries were set up with the purpose of capturingftfiewing information: who performed a request (i.e.
user’s IP address along with a session key that uniqueltifédEna user session); when the request was processed (i.€
timestamp); what type of service was requested (a URL sfangat description of the server application providing the
service requested along with the input values) and whege én absolute URL containing the full path to the server
application providing the service requested).

At this point, it is explained some problems which arose witealing with these log files. Each explicit user request
generates at least an entry in the log file and after beingegeaal by a web server, other log entries are generated fron
the response of this user request; certain non-trivialgstgue.g. user login) involve in turn requesting otherstarte
they may implicitly trigger new log entries; the what and wééelds contain very similar information regarding the URL
strings that describe the service requested and the parewéth the input values; certain information is found ineay
primitive form and is represented as long text strings (@spr session key is a long 128-character string). Therefore
there is a high degree of redundancy, tedious and ill-fadanhformation as well as incomplete as at some casesitertai

user actions do not generate any log entry (e.g. user mag thavcampus by either closing or readdressing the browser)

6Common Log Format: http://httpd.apache.org/docs/1.3Mgs#common (web page as of April 2008).
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and have to be inferred. As a consequence, treating thimiraftion is very costly in terms of time and space needing a
great processing effort.

In order to deal with the above mentioned problems and inemiences, aad hocapplication in Java was developed
calledUOCLogsProcessirighat processes log files of the UOC (see Appendix B for a teahoiverview). In particular,
this application runs offline on the same machine as the haggpplication server. It uses, as an input, the daily log
files obtained as a result of merging all web servers’ log filEse following process is run: (i) identify the log entries
boundaries and extract the fields that make up each enfrgafiiture the specific information contained in the fields
about users, time, sessions, areas, etc., (iii) infer tlssing information, (iv) map the information obtained toagmata
structures, and (v) store these data structures in a pErs®ipport.

However, after running similar test batteries, the repssimns of processing UOC's log file data sequentially arg ver
similar to those mentioned for the case of BSCW log file preites Thus, the sequential processing oft@CLogsPro-
cessingalso takes too long to complete the work and it has to be ddeetak completion of the learning activity, which
impedes from providing complex feedback to users in rea fjixhafa et al., 2004).

An improved version of the processing of log files is presgmext to parallelize the processing of information and
the main experimental results achieved. Although this @gqn is generic and is valid for both types of log files (ilee, t
BSCW system and the UOC virtual campus), for testing purpdss used the type of log file which most fits and can
take advantage of characteristics of each resulting protot

To this end, next subsections report the different expartmearried out at the UOC that show the feasibility of
the Grid approach to achieve an effective embedding of tpeogpiate knowledge into collaborative learning pracice
First it is shown the context that motivated this researahsome reference are made to other studies in the field. Nexi
subsection presents the process of creating effective lkedge and exemplify a real situation. Then, it is proposed a
general structure of data log file used for gathering the tawéormation generated during group activity. This motesa
the introduction of the Master-Worker approach for prooeskg files using Grid infrastructure. The implementatain

this general approach using real Grid infrastructure aadattalysis of the results obtained are described in Chapter 5

4.3.2 Introducing a parallel approach

Several studies have been conducted at the UOC (@abgkl., 2005b; Paniagua et al., 2005; Caball al., 2007a;
Cabalk et al., 2007c; Cabdlet al., 2007d; Cabdlet al., 2008a; Cabéllet al., 2008e) to show that a Grid approach
can increase the efficiency of processing a large amounfarfiration from group activity log files. These studies have
involved the interaction data collected from the log file®oth the BSCW system (Bentley et al., 1997) used at the UOC
to support Problem-Based Learning practices in small gg@unal the own virtual campus of the UOC. The experimental
results shows, first, the gain provided by the Grid approadkrims of relative processing time and, second, the benefits

of using the inherent scalable nature of Grid while the idpgtfiles are growing up in both number and large size.

"The UOCLogsProcessing source code, tests and results damii at: http://clpl.uoc.edu/src/lUOCLogsProcessipg(#Veb page as of April
2008)
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The initial real context of this study refers to group adgivat the UOC and the Math Forum at Drexel UniverSity
(USA). The former results from applying the Project-Basedllgborative Learning paradigm to model several online
courses, such as "Software Development Techniques”. Témsases involve hundreds of students, a dozen of tutors anc

are characterized by intensive collaboration activity thuhe complexity of the learning practices.

To implement the collaborative learning activities andtoagp the group interaction the BSCW system is used, a
groupware tool that enables asynchronous collaboratien the web. BSCW records the interaction data into log files,
which can be used for interaction analysis and knowledgeastion. However, its centralized architecture does toba
data access, management and the analysis of BSCW log filgmrticular, BSCW does not incorporate functionalities
to process the log files nor provides the means to calculatgeesent statistics results. Moreover, BSCW generates &
unique log file at the end of the day, which includes a largev@ of data describing the activity of all virtual groups.
Given that log files do not classify or structure informatiorany way, there is no possibility of scaling them up. As a
result of this there is no way to access data related to steplweorkspaces, specific groups, or phases of the learning

practice.

In recent years the popularity of distant collaborativen@ay among students has increased enormously. Typiaally,
an academic term more than 500 students are distributedniote than 100 virtual groups composed of 4 to 6 members.
All the groups work, mainly asynchronously, during 4 montbse to the large volume of interaction data generated, the
wide geographical distribution of the students, and thééitions of BSCW, a Grid solution for data-intensive apations
and data analysis becomes imperative to overcome the abeméened problems and provide a more effective service to

students and tutors.

Similarly, the VMT Project has been investigating how sngatiups of students meet online and solve mathematical
problems collaboratively using Synergeia (Stahl, 2008)dgtension of BSCW) and other similar systems. This study
gives great importance to the processing of transactiandéthe collaboration activities, which is currently donama-
ally. As the size of transaction logs increases, it will bmeceven more necessary to develop a means for the automati

processing of data.

In the context of this research, Grid computing (Foster aaddélman, 1998) has been used to support the real-time
requirements imposed by human perceptual capabilitiesetise/the wide range of many different interactions that can

take place as one of the most challenging issues of collabe@mputing support.

There is currently a lot of research being conducted on houwséothe Grid computing paradigm for complex prob-
lem solving (Foster and Kesselmann, 1998), processing aogeint of data in biology and medicine, simulations, and
collaborative systems. For such problems, putting togetisributed computing and storage resources is clearly of

great value. Moreover, different technologies such as &HIMPI-Grid2 —footnoteMPICH-G2: A Grid-enabled MPI.

8The Virtual Math Teams (VMT) Project at Drexel University ains develop the first application of digital libraries to smajtoup
collaborative learning, which requires the processing ofame volume of collaborative activity log files. For more infation, see
http://www.cis.drexel.edu/faculty/gerry/vmt/indexitit(web page as of April 2008)

9Globus: http://iwww.globus.org (web page as of April 2008)
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http://www3.niu.edu/mpi/ (web page as of April 2008), Con¢'°, NetSolve (Casanova and Dongarra, 1998) and frame-
works such as Master-Worker Framework on computational (&bux et al., 2000) as well as infrastructures for data-
intensive Grid applications @Pez et al., 2003) have been proposed to support the devetdmiGrid-based applications.
For instance, Grid computing offers high-throughput anthdatensive computing (Caballet al., 2004), which
greatly facilitate the process of embedding informatiod kmowledge into CSCL applications making it possible to-pro
vide users with real-time awareness and constant feedbatke literature, however, there has been little study diate
achieving these objectives. As an initial approach, the @&@&amework (Amin et al., 2002) pro-poses an event archiv-
ing service, which logs the messages or events communibataeen online users of a group instance into a persistent
database. However, in proposing the implementation ofuihetionality, this framework does not offer any methodglog
which takes advantage of the distributed nature of Grid aging to partition the generated event information for éfit

parallel processing.

4.3.3 The structure of group activity log files

In collaborative learning systems, usual group activiguits in a lot of interaction which generates a huge amount of
events. Therefore, CSCL applications have to be designpdrtuit the pre-structuring, classification and partitimnof
these large amounts of event information into multiple ldgsfio meet different criteria (e.g. group or time) in order t
correctly capture the group activity and increase the efficy of data processing.

The existing CSCL applications have several drawbacksurttstring the log files that prevent efficient processing.
To overcome this, it is firstly proposed a definition and dfastion of event information generated in a CSCL system
and, secondly, explained how to store this information gflles according to different criteria with the aim of fataliing

its later processing in a Grid infrastructure (see Xhafd.e2804 and Figure 2.2 in Chapter 2 for this subsection).

4.3.3.1 Definition and classification of event information

The most important issue while monitoring group activitydBCL applications is the collection and storage of a large
amount of event information generated by the high degreatefaction among the group participants. Such a large
amount of informational data may need a long time to be psmzksTherefore, collaborative learning systems have to
be designed in a way that pre-structures and classifiesniafitwn in order, on the one hand, to correctly measure the
group activity and, on the other hand, to increase the efiftgieluring data processing in terms of analysis techniqonés a
interpretations.

The classification of information in CSCL environments isiaeed by distinguishing three generic group activity
parameters: task performance (i.e. collaborative legrpimduct), group functioning and scaffolding (Cabadit al.,
2004). Furthermore, in a collaborative learning experégitise group activity is driven by the actions of the partcifs

on the collaborative learning resources, which are ag¢gdga the user events to form another taxonomy distingogghi

10Condor-G: http://www.cs.wisc.edu/condor/condorg/ (welge as of April 2008)
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at a high level of abstraction, between active, passive apgat user actions (see Chapter 2 and Calwtllal., 2007f).
Therefore, in CSCL applications there is a strong need classification of all types of events generated by usevrexti
according to the three generic parameters mentioned. Jeti, a complete and tight hierarchy of events (see Figure 2.
in Chapter 2) is provided to collect and categorize the ifiedtevents generated by user actions during the collalberat

learning activity.

4.3.3.2 The structure of the log files

In order to prepare the event information for efficient pssieg, as soon as it is classified and turned it into pergisten
data, this information is stored in the system as log filesckvvill contain all the information collected in specifiedifis.
Next, it is intended to predefine two generic types of log flesording to the two basic criteria, time and workspacs, tha
characterize group collaboration. These log files will essgnt as great a degree of granularity as possible regdydihg
criteria and they will be parameterized so that the adnratist can set them up in accordance with the specific analysis
needs. Thus, the finest grain or the smallest log file shoukkbep to store all events occur-ring in each group for the
shortest time interval. Therefore, every single workspaitehave its own log file made up of all the events occurring
within the workspace for a given period of time.

During data processing it will be possible to concatenatersé log files so as to obtain the appropriate degree of
granularity thus making it possible for a distributed syste efficiently parallelize the data processing accordmthée
characteristics of the computational resources. The aiméfficiently process large amounts of information enaptire
constant presentation of real-time awareness and corietaiiback to users during the group activity.

Thus, concatenating several log files and processing thexrparallel way, it would be possible to constantly show
each group member’s absolute and relative amount of cotitvsitn which would provide participants with essentialdee
back about the contribution of others as a quantitativerpater supporting the production function. In a similar way,
real-time awareness is possible by continuously paraitejiand processing each and every single fine-grained gffil
each workspace involved at the same time in order to perntignastify all workspace members of what is going on in
their groups. Finally, showing the results of complex stais after longer periods of time (e.g. at 12 hour inteijMalsery
important for the group’s tutor to be able to monitor and asshe group activity as a qualitative parameter supporting

acquisition of information about students’ problem-sotybehavior, group processing and performance analysis.

4.3.4 A Master-Worker approach for processing log files

The Master-Worker (MW) model (also known as Master-Slave askTFarming model) (Goux et al., 2000) has been
widely used for developing parallel applications. In the Mivddel there are two distinct types of processors: master and
workers. The master processor performs the control anddgwdion and assigns tasks to the workers. It also decides
what data will be sent to the workers. The workers typica#lyfprm most of the computational work. The MW model

has proved to be efficient in developing applications usiffgrént degrees of granularity of parallelism. Indeedas
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several advantages such as flexibility and scalability itheker processors can be implemented in many different ways
and they can be easily added if needed) as well as separdtamcerns (the master performs coordination tasks and
the worker processors carry out specific tasks). This pgnad§ particularly useful when the definition of the tasks¢o b

completed by the workers can be done easily and the comniiamidead between the master and workers is low. (see

Xhafa et al., 2004 and Figure 2.2 in Chapter 2 for this sulimect

4.3.4.1 Master-Worker paradigm on the computational grid

The MW paradigm has been used in developing parallel agigitain traditional supercomputing environments such
as parallel machines and clusters of machines. Over thdelasyears, Grid computing has become a real alternative
for developing parallel applications that employ its greamputational power. However, due to the complexity of the
Computational Grid, the difficulty encountered in devetapparallel applications is higher than in traditional plata
computing environments. Thus, in order to simplify the depment of Grid-aware applications several high-levelpro
gramming frameworks have been proposed, among which is dstavtWorker Framework (MWF) (Goux et al., 2000).
MWF allows users to easily parallelize scientific computagithrough the master-worker paradigm on the compu-
tational grid. On the one hand, MWF provides a top level iategfthat helps the programming tasks to distribute large
computations in a Grid computing environment; on the otherdy it offers a bottom level interface to existing grid
computing toolkits, for instance, using the Condor systemprovide Grid services. The target applications of MWF are
parallel applications with weak synchronization and reabdy large granularity. This framework shows its suititypfior
processing log files of group activity since different degref granularity available are considered to guarantesesitty
and, furthermore, there is no need for synchronization amrnanication between the worker processors. Moreover, in

the application, the communication load between the masigmorkers is very low.

4.3.4.2 The architecture of the application

The architecture of the application (see Figure 4.4) is mguef three parts: (1) the Collaborative Learning Applioati
Server, which is in charge of maintaining the log files andistpthem in specified locations; (2) the MW application
for processing log files and, (3) the application that usegéiulting information in the data bases to compute Statist
results and present them to the final user.

The Master-Worker Application for Processing Log Files. Here, the aim is to present more details of the MW
application, basically how the master and worker procesa programmed. The master is in charge of generating new
tasks and submitting them to the MWDriver for distributingitinto the worker processors while the worker processors
run in a simple cycle: receiving the message describingakk from the master, processing the task according to a
specified routine and sending the result back to the madterMW framework, which schedules the tasks, manages the
lists of workers and of tasks to be performed by the MWDriversks are assigned to workers by giving the first task on

the list to the first idle worker on the worker list. The facatithe MWDriver’s interface allows the task list to be ordered
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Figure 4.4: The architecture of the application for prooestog files.



Distributed and Grid technology for the enhancement of CSCL 107

according to a user’s criteria is considered as well as Htefiworkers to be ordered according to their computational
power. Thus, the task list is ordered in decreasing ordesgfile size and the machines in decreasing order of proagssin
capacity so that "good” machines have priority in receiviing largest log files.

Furthermore, a unique type of task to be performed by the @sr&onsists in processing a log file. It is assumed that
the workers have the processing routine available; otlserwhe worker would take a copy of the routine on receiving
a task for the first time and then use a flag to indicate whetheust receive a copy of the routine or not. The task is

described as follows:

e Task description

address of the location of the log file;

nane of the log file;

size of the log file;

address of the |location where the processing routine is found,

url of the database where the processed infornmation will be stored;

e Themaster processads programmed as follows:

while (true) do

check for newlog files generated fromthe Collaborative Learning Application
Server;

update the list of the <log file description> for the new inconming log files;
for each new log file generate a task;

submit the newy generated tasks to the MADriver;

Please note that the log files generated by the Collaborhéaening Application Server can be stored either in
disk spaces of the same server or at different locationst{mes) available in the Grid. Furthermore, the processed
information by the workers can be stored either in uniqueiftergént databases that can be found at different ma-

chines as specified in the tasks to be realized by the workeepsors.

e Theworker processois programmed as follows:

recei ve the task;
receive the specified log file fromthe specified location in the task descripti

run the processing routine on the log file;
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send to the naster the task’s statistics (execution tine, nunber of events proces

upon conpl etion of the task;

Efficiency issues of the MW Application. It should be observed that the communication takes plavedast master
and the workers at the beginning and the end of the proces$iegch task. Therefore, the application has weak syn-
chronization between the master and the workers, whichregghat it can run without loss of performance in a Grid
environment. Moreover, the number of workers can be adaptadmically so that if new resources appear they can be
incorporated as new workers in the application; in addjtiba worker in the Grid becomes unavailable while procegsin
a task, the task can be reallocated to another worker. Fitglhaving different degrees of granularity of the log fitas
possible to efficiently distribute the load balance amongkers and minimize the transmission of the data log files from

their original locations to the worker machine.

4.3.5 The design of the resulting database

Once the event information from the log files has been preck$be workers (see Figure 4.2) send back the task report:
(e.g. processing time, number of processed events, etiti§ tollaborative learning application server throughnitzeter
so as to verify the results achieved. The results of dataggsicg, which workers send to the data-base manager systen
should have correctly represented all the information @ioed in the log files so as to make it possible to consult both
the desired data from the data-base directly (e.g. numbeorofected users, type of documents in a certain workspace
etc.) and the computed complex statistical results frontdttabase. These statistical results should be obtaindukeby t
application server as fast as possible and presented tp grembers and tutors in different formats.

Thus, based on the premises argued in (Watson, 2003), iéded a logic design of the datab&Sevhich is generic,
efficient and independent from any specific database manaperdatabase is designed in a way to satisfy all of these
requirements and to allow users to consult data regardieddsic entities that take place in any CSCL environment

(users, objects, workspaces, connections, etc.).

4.3.6 XML representation of the statistical results

The third part of the application uses the resulting infaiorain the databases to compute statistical results arskepte
them to the members of the online collaborative group andiitoes In this context, current research is studying an XML
coding of the statistical results in order to make it pogsibl present this information to final users in different ferm
Considering the fact that the data is highly structured &eddesign of the relational database (Bewhez et al., 2002),

it is proposed that application be designed as a middlevikareng-Soo, 2001) which performs the following functions:
to extract necessary information from the databases, t@utrstatistical measurements as desired, and to coneert th

results into XML output. This design will provide sufficiefiexibility as to allow ad hoc statistical measurements to

Hsee the design of the database at: http://clpl.uoc.edsiBB®esign.pdf
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be obtained as well as permitting the creation of user-fipdcilocument type definitions (DTD) to accommodate the

different needs of information representation.



110




Merging CSCL, generic programming and distributed conmqutEvaluation and results 111

Chapter 5

Merging CSCL, generic programming and
distributed computing: Evaluation and

results

Based on the conceptual model of interaction managemensi@LGpresented in Chapter 2, the generic CLPL com-
putational model introduced in Chapter 3 and the distrithapproach of Chapter 4, several prototypes of an effective
structured and context-aware asynchronous discussiomféor collaborative knowledge building were developed and
used to support real learning experiences in the contexteoOpen University of Catalonia (UOC)(Caléaind Xhafa,
2005c; Cabaé et al., 2007¢e; Cabéllet al., 2007g; Cabdlet al., 2008b; Cabdallet al., 2008e; Caballand Feldman,
2008f; Cabak et al., 2008h).

These novel experiences are reported in these sectionsdilostages of their development and experimentation,
which give new opportunities to learning by discussion, endpplied to meet new pedagogical needs. To this end, a
discussion and reasoning process is first described bnretyeiform of requirements and then the development of the two
applications and their effects in real the learning proegssmppening at the UOC are reported in detail. Then, digéib
infrastructure is added to meet non-functional requirasmé@abale et al., 2007g; Cabdlet al., 2008a). Finally, the

results of using the CLPL for developing small CSCL toolstiredfective and timely fashion are also reported.

5.1 Preliminaries

About 740 graduate and undergraduate students were inveitieer directly or indirectly in 6 experiences that took
place at the UOC last 3 academic terms (i.e., Spring 20072B@r and Spring 2008) as part of the curricula of several

courses, namely Methodology and Management of ComputengeiProjects (MGPI), Management of Organizations
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and Computer Science Projects (GOPI), and Software Engjirge@EP).

The design of both the collaborative tools and the discasagsignments described in this chapter followed the new
educational principles and paradigms proposed by the Bal®yocess as a basis of the new European Higher Educatiol
Area (Kulesza and Reinalda, 2006), which are supported liyfwedamented pedagogical theories (e.g., constrigrtivi
(Jonassen, 1994)). These principles consider studentgias and central actors in their learning process. On therot
hand, lecturers are moving from passive knowledge trarsomsgents to specialist agents who design the coursesguid
assists and supervises the student’s learning procesei{Sam et al., 2003). From this view, the experiences he @ tegh
are fully student-centered leaving the lecturer as a suppactor who no longer interferes in the collaborationiatHer
convenience but provides adequate scaffold to enhancergrdve knowledge building as a constructive process among

learners.

For space reasons only two out of these six experiences scelged in detail in this chapter. Results from these and
the rest of experiences are shown in Appendix A. Even tholigbet two experiences are representative from the researc
and pedagogical standpoint, all of them performed verylangiin terms of dynamics of the discussion and impact on
both quantitative and qualitative participation as welttgsir behavior concerning certain technical issues to déal
Therefore, to certain degree, the results and their asadygilained in this chapter may be extrapolated to the wtedle s

of experiences.

The entire experiences were preformed with different warsiof two major software development efforts, namely
the Discussion Forum (Cabalkt al., 2008b) and Communities of Learning Practice Envitent (Cabaé# et al., 2008f).
See Appendix B for a technical view of these two applicatioBsth tools took great advantage of the Collaborative
Learning Purpose Library (CLPL) (see Chapter 3 and Calsllal., 2007e for an extensive overview) platform, which
was used extensively in all stages of the their developnfena summary, the CLPL is made up of five components in all
handling user management, security, administration, keage management and functionality and enables a complete
and effective reutilization of its generic components fa tonstruction of specific CSCL applications. The aim islhot
map the essential elements involved in any CSCL collah@ &tiarning application and support the conceptual model of
interaction analysis explained in Chapter 2. To this end,library is mainly performed by the two components, namely
CSCL Knowledge Managemeartd CSCL Functionality componentshich form the core of the computational model in
the construction of collaborative learning applicationke CSCL Knowledge Managemeasttmponent, in short, manages
the system log files made up of all the events occurring in &iceworkspace over a given period of time and performs
the statistical analysis event information as well as theaagament and maintenance of the knowledge extracted by tha
analysis. The&€SCL Functionalitcomponent, which has five subsystems in all, defines the éheesental parts involved
in any form of cooperation, namely coordination, commutigceand collaboration. This component also realizes the
presentation to users of the knowledge extracted by thequeeomponent in terms of immediate awareness and constan

feedback of what is going on in the system.

Other important development efforts include two Java-tidsg files processors, namelgventExtractorand UO-
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CLogsProcessingSee Chapter 4 and Appendix B for details of these two apice. The former processes log files
of the BSCW while the latter processes and analyzes infeom&tom the log files of the virtual campus of the UOC.
Parallel versions of the same applications were also dpeélto take advantage of distributed and Grid infrastrectur

These tools represent the very rationale of the Grid apprpeesented later on in this chapter.

5.2 Discussion Forum: The development of an effective knowledge-lastruc-

tured discussion tool

Based on the conceptual model of interaction managemeseied in Chapter 2, a prototype of a web-based knowledge-
based structured collaborative learning system, callsd@ision Forum (DF), was developed to support and foster col
laborative knowledge building by means of the discussiatgss (Cabadl et al., 2008b; Cabdlet al., 2008h). To this
end, a discussion and reasoning process is first descrilefty fim the form of requirements and then the design of the

application is treated in certain detail.

5.2.1 Pedagogical background and requirements

Requirementsin collaborative learning environments involve the disios process, which forms an important social
task where participants can think about the activity beiaggrmed, collaborate with each other through the exchange
of ideas arising, propose new resolution mechanisms, astifijand refine their own contributions and thus acquire new
knowledge (Salomon, 1993).

To this end, a complete discussion and reasoning processpssed based on three types of generic contributions,
namely specification, elaboration and consensus. Speificaccurs during the initial stage of the process carried o
by the tutor or group coordinator who contributes by definiing group activity and its objectives (i.e. statement of
the problem) and the way to structure it in sub-activitiefabBration refers to the contributions of participants $tho
students) in which a proposal, idea or plan to reach a soligipresented. The other participants can elaborate on this
proposal through different types of participation suchusstjons, comments, explanations and agree/disagreestats.
Finally, when a correct proposal of solution is achieved,dbnsensus contributions take part in its approval (tlisides
different consensus models such as voting); when a soligiaccepted the discussion terminates (Stahl, 2002).

Finally, in a discussion process, participants performe@aocording to their profile (e.g. coordinator, membersgue
etc.), have personal collaborative preferences (e.qguiage) and must set up environment features (e.g. soundualvi
effects, text or voice warnings, etc.) according to thenspaal characteristics. Participant needs are not stati¢lzey
evolve as the discussion moves forward (Cabatlal., 2004).

It is worth mentioning here that the decision to develop alp@mtire system rather than simply adding a module

1See the complete Discussion Forum’s requirements and theysinat: http://clpl.uoc.edu/docs/DiscussionForumSimation.pdf (Web page as
of April 2008)
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for the purposes to some existing e-learning system camedir ¢o overcome important non-functional requirements
arisen in this context, especially in distributed enviremts. Indeed, non-functional requirements, such as uaktslity,
resource availability, performance, interoperabilitydantegration of different, heterogeneous, and legachabotative
learning systems, may have considerable repercussionseototlaborative learning performance and outcomes when
they are not fulfilled appropriately. Failing to meet thesgortant requirements impedes the normal learning flow as
well as discriminates learners in terms of technology skilid technical equipment (Caléaét al., 2008c). For instance,
despite having a web-based collaborative learning systémaslvanced functionalities installed in a server, when th
server is down for technical reasons, all participants hawemporarily stop participating, which causes great déal
frustration, especially at the UOC, where students hawg lireited time to dedicate to their studies. The lack of @rigt
collaborative learning applications featuring these furetional aspects encouraged to entirely build the intieydF

system.

5.2.2 The design of the application

The desigh of the DF includes certain thematic annotation tags basetthemow-level exchange categories identified
in Chapter 2 (see section 2.2), such as information-clatific and request of opinion (see Table 5.1) for a list of all
categories), which qualifies each contribution and as dtretsucture the discussion process. In order to avoid ueseary
choice, each context of the discussion process determipeeise and short list of just those categories that arelgess
in a certain point of the discussion process (e.g., in raglgny kind of request, just the cards involving the provisid
information are provided to classify the reply). This makes choice of the appropriate tag much shorter and easier anc
no error-prone (see Figure 5.1). In addition, as part of geégh, the tutor is to examine and assess all contributiassd
partially on the tags used by students to categorize thethasm result students are aware of the potential reperaisssio
of tagging posts incorrectly in order to optimize the asses¥ instead of reflecting the true meaning of their posts.
Consequently, all contributions are recorded as exchactge @analyzed and presented as information to participants
either in real time (to guide directly students during theréng activity) or after the task is over (in order to undensl
the collaborative process). To this end, the CLRLSCL Knowledge Managemerdamponent provided full support to
the interaction management. In particular, a completartreat of the structured interaction generated enabledysters
to keep participants aware of the contributing behaviordyrmics of others, to check certain argumentative strestu
during discussion and assist in achieving a more satisfastution to the problem during the consensus phase, and
finally to provide feedback based on the data produced.
CLPL's CSCL Functionalitcomponent provided suitable support in the design of thealiplaces where the discus-
sions take place. Indeed, th@om entity was recursively used in different levels of absimaw, such as folders to hold
the assignments featuring the class discussions and disnubreads inside each discussion. This also eased the-imp

mentation by reusing the same code for both purposes. Thipaoent also provided the suitable means to present the

2The complete design of the Discussion Forum is found at: /fttpt.uoc.edu/docs/DiscussionForumDesign.pdf (Welkepssgof April 2008)
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Table 5.1: List of categories to classify a contribution.

Moves

Categories

support

Greeting
Encouragement
Motivation

request

REQUEST-Information
REQUEST-Elaboration
REQUEST-Clarification
REQUEST-Justification
REQUEST-Opinion
REQUEST-lllustration

inform

INFORM-Extend
INFORM-Lead
INFORM-Suggest
INFORM-Elaboration
INFORM-Explain/Clarification
INFORM-Justify
INFORM-State
INFORM-Agree
INFORM-Disagree

set-up-an-issue

PROBLEM-Statement

provide-solution

PROBLEM-Solution

consent-solution

PROBLEM-Extend solution
PROBLEM-Assent solution

CONTRIBUTIONS in DISCUSSION THREAD #21 on SUBJECT: 2on debar

| Show contibutions

| Mewdislog [[  Branch/Keep disiog || Usehiness [| Show threads |

You have not assented a contribution, Explain why

THREAD: 2on debat

REPLY TO:

David Recasens

Reciplent: MGPI - AULA 1 - THREAD #21

Category:

Message:
(HTML i

Choose Category -
REGUEST-nformatian
REQUEST-Elab

‘Contribution not assented =6
jun-2007 15:17:53 and it was categorized as
Exphcar/adan:

Hola Noem, endingant-nos més e of terms dels SAT ja gue comentes gue

REQUEST Clarfication |
REQUEST -Justsfication

REQUEST-Opimion

REQUEST -lllustration

HNFORM-Lead

INFORM-Suggest

PROBLEM-Statement | |

(E)

wias written by

on 12

£

Figure 5.1: The specific list of cards for a reply to a contiiinu categorized as INFORM-Explain.
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information of the knowledge acquired from the data intBoacto the participants in the form of appropriate awarsnes
and feedback, representing the cornerstone of this apprdde ultimate aim is to achieve a more effective interactio
by allowing all participants to be aware of both their own atiders’ performance during the discussion process. See the

DF development at to acquire a complete knowledge of the téweusability achieved from this component.

DISCUSSION FORUM

FOLDERS

Shaw fakders

P roLpER: #4.20n debal - EXecucio | tancament

Description: 2on debat - Execusd | tancamant de projectes
Created by: Pere Marins [TUTOR] on 01-jun-2007 14:25:21
FOLDER DATA!
N. contributions: 195 Quality of this folder C+ Usefulness of this folder & 5/10 [£15 Vots)

Msjor contribuidor: Lluis Martines 2onea 100 [l
Manar contriblidor: Joi Javier Doval 1109 0.9%

P rowper: #1-Proves Jon Dabal

Description: Proves de la nova funcionalitat de cara al 2on debat
Created by: Santi Cabails [TUTOR)] on 29-may-2007 16:10:16
FOLDER DATA:
N. contributions: 3 Quality of this folder: N Usefulmess of this folder: 5.0/10 [2 vets]

Figure 5.2: A snapshot of awareness and simple quantit@aaback provided.

Therefore, the DF was especially designed to provide stsdeith additional and important features to support the
discussion in comparison to the traditional, well-knowsadission tool used in the virtual classrooms of the UOC , such
as (i) updated feedback, which includes the current mearbeuwf all contributions’ (see Figure 5.2) and complex
indicators about the collaboration (see Figure 5.3),lfii¢ads in fully separated rooms (see Figure 5.4), (iii) eglesed
branched dialogs (see Figure 5.5 and 5.6), and (iv) coriibualifiers (see Figure 5.1). Consequently, DF's users
were urged to qualify their contributions (using the antiotacards of Table 5.1 before sending a new or reply post as
well as to decide whether their contribution closed theenirdialog.

In particular, participants’ contributions in each threeele designed as structured dialogs with the aim of separati
the different types of low-level exchanges. Moreover, ajal are to be closed when a request is satisfied or a basi
problem is solved (see Figure 6a) and to be branched fromdfispexchange (i.e. problem-statement) so as to provide
different solutions to the same statement (see 5.6). Firmttontribution is both to be assented depending on thexbnt
and to be evaluated by the other participants in terms afyuitil their progress in the discussion (see Figure 5.7).

A discussion process is conducted by a tutor who continyausiitors the discussion threads with the aim of both
assessing the contributions and providing support whedeteby posting clarifying contributions in any thread amd/o

starting supporting threads. The contribution assessimetie tutors is performed in a very similar way as the peer
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[ 3

P roLpER: #4.- Zon delat - Execucio | lancament

Descri Zon debat - E 56 1 de proj
iCreated by: Pare Maring [TUTOR] on 01-jun-2007 14:25:21
FOLDER DATA:

. contributions: 159 Quality of this folder: C+

Usefulness of this foldar: 6.5/10 [£15 Vors]

Tiiil

-

Figure 5.3: A snapshot of complex and updated feedback¢eduio all participants. In this case, student Marc is latate
in the 19th position in the rank.

DISCUSSION FORUM

DISCUSSION THREADS in FOLDER #4: 20n debat - Execucid | tancament
(Showiveads | e ivead J " [ Show iisers _JJ[ Feedback |

Description: Informacié sobre 2o0. debat
Initiated by: Pere Manne [TUTOR] on 01un-2007 14:49:45
. mmm:;mm
mmm
M. contributionsz: 5 Mdﬂmn mduﬁwurmﬁw

Description: Aportacid inicial al 2n debat
mmmmpmn ‘on Jun 1, 2007 11:26:32 PM
~ Last by: Marc Berbel [STUDENT] on 21-jun-2007 8:56:48
mnme
. contributionsz: 3 Quality of this thread: 8 Usehulness of this thread: 6.2/10 [77 Vors]

Description: i si no amibem a temps?
 Initiated by: Jaume Casadesis [STUDENT] o Jun 2, 2007 10:54:50 AM
mh‘mmm on 21-un-2007 22:48:44
THREAD DATA:
M. contributionss: 15 Quality of this thread: C+ Usefulness of this thread: 6.7/10 (46 Vots] &

Figure 5.4: A snapshot of some discussion threads insidielerfbolding the discussion.
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Figure 5.5: An open-closed complete dialog inside a disonghread.

Figure 5.6: Two dialogs in the same thread; upper dialog edoranched by checking the first check box.
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P
Contribution: aswmlﬂmﬂuummm 10:33:03
Category: INFORMAR-Suggenr
Usefulmess of this comtribution: Choose mark » |

Message: Choose mark
Hala, ?0
> Replles: 0 En mi opmicn, los condicionantes | a |e los nesgos mnerentes a cualquier
prwmmmduamwm, ympafia, por lo efectos &
> Uility [2]: implicaciones gue confleva. La ‘da riesgo, e una variable mas 3
Average: 5510 mmewmrelr por lo m_hm que tenga. Con
£cto quisrs dear que no seria un 5 responsabilidad del 1P, an el caso de
» Assentient [6]: gue un proyecta fracase por una 4
YEs 6 NDI D 3
Saludos, 2
1
Makes reference to contribuion 440 on Gonzalez (S] on 12-jun-2007
7:29:19 and categorized as InFo  lane
DO YOU ASSENT THIS CONTRIBUTION? | YES | [ 10 [Repiy] |
P
Contribution: &4 by w;mn om 12-jun-2007 7:29:18
Category: INFORMAR: "
Lsefi of this st Chooss mark. |
Message: N
‘ldvu:‘maulgﬂoavduumbuuﬂhwu thcud ﬂml; que facn
wariar o rumb projecte, perd també a coses per gobre daquestes
» Replies: 1 dcmnlmutnrmummﬂ-o&amumum:mnumrm
mﬂ-m—uwmdha!mtmﬂ:‘uumﬁ]ux dq.l:n
2 responsable que or aguest pas hauria o estar oficsim miormat possibles
i consequencies d'aquest fet.
L em diu que moltes vegades un projects es valora de forma binaria, O
’:;!"'"‘"";""[']‘ funciona o no. Es una lastima ja que sempre &3 poden extreurs diferents concusions,
e e crec qua '8 £3 30E5ULA VAloracis. La fase da probes Lambé cret Qus Servarix per

tal que 'equip del projecte pugui “vendre™ millor & seu projecte v pulir algung
aspactes qua puguin fer dacantar |a balanga.

Figure 5.7: An example of a contribution to be assented aalliated by a participant.

assessment (see Figure 5.7) and becomes very smoothlyretr@dase of large-size groups. This is achieved by first
selecting the suitable mark of each contribution in a disicusthread and then by performing a single submission &sass
all the contributions in the thread. The tutor assessméartgavith the rest of indicators presented, are automéyieald
constantly processed by the system. For monitoring pugydise system proposes an updated final mark of the progres:
of each student based on all the indicators presented (gas=Fb5.8). These indicators are to be adjusted with aptpri
weights by the tutor so as to reinforce certain aspects alidwission and collaboration process according to thefgpec

pedagogical objectives of the learning task.

Finally, for the sake of a rapid prompt of the awareness aedidack information to students and tutors, this research
line has successfully managed to embed this informatianthe group activity in an efficient manner, even in real time.
Indeed, the experience at the UOC has shown the need to maniicevaluate real, long-term, complex, collaborative
problem-solving situations. As a result, there is a strogepifor powerful tools that record the large volume of int&cm
data generated during the group activity and can then betagsetform an efficient interaction analysis and knowledge
extraction. Given the real needs of any online collaboeatdarning situation, in order to provide different types of
awareness and feedback, it is required to capture all arfdtgpe of possible data that could result to a huge amount of
information that is generated and gathered in data log fiteseover, the need to make the analyzed information availab
in real time entails coming across with processing requéresibeyond those of a single computer. To this end, severa
studies (for a detailed description of these studies, séal@zet al., 2008a) have been conducted to show how a paralle
approach can increase the efficiency of processing a largertof interaction data and achieve an effective embedding

of the appropriate knowledge extracted into collabordtagning practices.
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FOLDER: £4.. 200 debal - EXRUCH | lancament

Duscription: Jon debat - Execusd | tancament da projectes
Created by: Pare Maring [TUTOR] on 01-jun-2007 14:25:21
FOLDER DATA:
. contributions: 199 Quality of this folder: C+  Usefulness of this felder: 6,5/10 [£15 Vets]

ol

Figure 5.8: Monitoring information provided to the tutoradt column shows a numeric mark on the scale 0-10 for each
student automatically generated and updated by the sy3ieisifinal mark is based on all the indicators presented, kivhic
are adjusted with different weights. For the purpose of $piscific discussion, the weights were set as follows: dgtivi
10%; passivity: 10%; impact: 20%; effectiveness: 10%; sssent: 50%.

5.2.3 Implementation issues

The DF system is hostétby a server at the UOC. This prototype is currently working agical client-server Web-based
application and evolving rapidly to be completed.

Taking advantage of the flexibility of the service-orientggproach forming its internals, different languages were
used for the development of the DF’s client and the servesssi@ihus, on the one hand, PHRsulted in a very suitable
programming language to implement the web pages formingdkeinterface on the client side. On the other hand, the
generic web-services supporting the business and dateslapehe server side were implemented in Java as a powerfu
and experienced language featuring very well as to robsstrmortability, ease of use and extensibility, which @dat
an ideal context for the implementation on the server sideortler to interoperate between PHP and Java, the PEAR

framework was used.

5.2.4 Results and discussion on the effects in the learningmerience

In order to evaluate the prototype of the DF and analyze fescef in the discussion process, 80 graduated students

enrolled in the course Methodology and Management of Coengitience Projects during the last term were involved

3The DF’s web site is found at: http://clpl.uoc.edu/df/ (Wte as of April 2008)
4PHP programming language is found at: http://www.php.nety(ite as of April 2008)
5The PHP Extension and Application Repository (PEAR) is tbanhttp://pear.php.net (Web page as of April 2008)
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Table 5.2: Main statistics extracted from the first clasggassent using both discussion tools.

Statistics Standard tool DF

Number of students 40 40
Number of threads 48 44

Total of posts 95 351

Mean number (posts/thread) M=1.9 SD=2.4 M=7.9 SD=5.0
Mean number (posts/student) M=2.3SD=1.9 M=8.7SD=8.1
Mean number (words/contribution) M=352 SD=139 M=286 SD=85
Tutor assessment (average, out of 10) 7.2 7.6

in this experience (Cabéllet al., 2008b; Cabdlet al., 2008h). Students were equally distributed into dl@ssrooms

and participated in the experience at the same time. Stsideoth one classroom were required to use the standard
asynchronous threaded discussion forum offered by thealticampus of the UOC while the other group of students used
the new DF outside the virtual campus to support the sameasigns with the same rules during the same time (i.e., five

weeks in all).

The whole experience consisted in two discussion assigraseparated in time with very different goals and proce-
dures so as to validate the flexibility of the approach. Thst eissignment in both groups lasted two weeks and consistec
of discussing the same issy@dject management requirements vs. product requireméntlis assignment, each student
was required to start a discussion thread with posting aitorion on the issue in hand, which resulted in as many ttgea
as students. At the end of the discussion, each student Wea twsclose his/her thread with an improved contribution on
the issue according to what s/he had learnt in the discusBioring the discussion, any student could contribute imbot
the own and any other discussion thread as many times astheedwell as start extra threads to provide new argumen-
tations or approaches with regards to the issue addreskedaih was to evaluate the effect of the discussion process ir
the acquisition of knowledge of each student by compariegitiality of each thread’s first and last contribution posted

by the same student.

A statistical analysis of the results in the first discussiomparing both the standard and the DF tools is shown in
Table 5.2. Despite the standard tool generated more thresatd of them were actually empty (i.e. just 8 threads were
contributed with more than 1 post vs. 42 threads in the DF)xddeer, the SD statistic for the posts/thread mean appears
to be high in the DF, which proves the heterogeneity of theudision involving threads of very different length. Note
the very high SD statistic in the posts/students mean duestogde outlier, without which SD is 6.3. Finally, quality
statistics are shown in terms of the number of words per tmriton and the tutor assessment on the content. The highel
number of number of words in the standards tool is due to tble dd discussion as most of threads were just started
with a long opening contribution as a problem statement. l@mother hand, the DF generated actual discussion and a:
a result the contributions became highly structured andiipeThe tutor assessment row refers to content qualitylof a

the contributions on average.

The qualitative evaluation of this first discussion was added by both examining those discussion threads tha

contained enough discussion (i.e. more than 7 posts) arukiclgewhether the student who was in charge of each thread
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Table 5.3: Main statistics of the second class assignmémg b®th discussion tools.

Statistics Standard tool DF

Number of students 40 40
Number of threads 43 21

Total of posts 71 199

Mean number (posts/thread) M=1.6 SD=0.4 M=9.4 SD=3.2
Mean number (posts/student) M=1.7 SD=1.1 M=4.9SD=4.1
Mean number (words/contribution) M=421 SD=127 M=310 SD=96
Tutor assessment (average, out of 10) 8.1 7.5

had posted both a start and close contribution on the saoe i$he results on the DF showed that, in 28 threads fulfilling
these requirements, 32% of students had improved theiitgfiag mark through the discussion in their threads, 6894 ke
the same mark, and no mark had dropped. On the other handsultsreere extracted from the discussion using the

standard tool as it was poorly contributed; just 8 threadsveld some discussion but only 4 had more than 7 posts.

The second assignment in both groups was held at the end s&the academic term, one month after finishing the
previous one and lasted for three weeks. It consisted ofiglisieg the stage of closing a software project. The proeedur
was the following: students were free to open zero, one oerakwdiscussion threads where they proposed specific
objectives, activities, and processes needed to apptelyriziose a software project. Hence, in this discussioretivas
no requirement to open a discussion thread and all studentd participate in the discussion threads at convenience.
At the end of the discussion, those students who had openétasdion thread were asked to close it by sending a

contribution that summarized and concluded the main pairigen in the thread.

The statistical analysis of the results extracted from #wosd discussion comparing both the standard and the DF
tools are shown in Table 5.14. In comparison to the previsagament, there is a decrease in the number of contrilsution
in both groups, which may be explained by two reasons: eveugth the number of potential participants was the same
as the previous discussion, 40% in each group had alreadg thaddecision to give up the course before this second
discussion started and as a result most of them did not pagtiaih nor contribute to the discussion. Moreover, the

participation was not a requirement in this assignment amdequently some students chose not to participate.

The qualitative evaluation of the second discussion waseaddd in a similar way as the previous one. Despite the
standard tool rated high in the number of threads, just ortherh provided real discussion (i.e., more than 7 posts).
Hence, it could be stated that no discussion was achieved tis¢ standard tool. On the other hand, the DF performed

much better providing actual discussion in 16 out of 21 tsezchieved.

The mean number of words per contribution in the standardatiso rated higher than the DF in this second experi-
ence. This confirms the effects of the inherent structureighdess provided to the discussion process by the DF wherea
the standard tool promotes large monolithic one-sidedtpaifiview. Finally, the standard tool achieved a higher ager
mark on the qualitative content of the contributions. Itldobe argued that most of participants of the standard tool
were good students, whose first and only contribution toesithwvas fine. However, the lack of discussion missed many

important aspects, such as reactive participation behawid peer involvement skills, which are fundamental to eghia
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successful discussion process. All these aspects are mntigred with the evaluation of the qualitative content tiorfo

the final assessment of the collaborative learning activity

Table 5.13 shows the results of a structured and qualitegjert conducted at the end of the first discussion addressec
to the DF’ users who were also asked to compare it to the stdvdell-known tool they had already used in previous
courses at the UOC. Participants in general showed an aiingttitude toward this experience, which sheds more
light on the positive effects in the learning experience.wieeer, participants also reported technical problemsevnhil
participating, such as the lack of fault-tolerance, penfance and concurrency. This undoubtedly undermined thalbve
benefits achieved. In order to alleviate this problem, tlremise discussion was supported by an innovative distributed
approach so as to meet certain non-functional requirentieatsvere not considered in the first experience, such as faul
tolerance. The results of the second discussion from thisdgioint are reported later on in this chapter in a related

section.

Finally, in order to evaluate the reliability of the autoimaissessment approach in both assignments, the tutor su
pervising the discussions supported by the DF was requarddth (1) submit a precise assessment on content quality
of every contribution posted, which was presented to stisdas feedback information (see Figure 5.3 and section 2.2
in Chapter 2 for further information on tutor assessment) @) evaluate students’ performance manually by the tutor
by filling out a spreadsheet that helped score each studemtigipation according to both the content quality of eath
his/her contribution and the purpose and context wheredh&ibution took place (e.g., whether it was a new argumenta
tion or a reply, brought interesting opportunities for hat discussion, it was just a greeting-type post, etc.)s $acond
evaluation task could be complemented with extra inforamatin individual behavior in the discussion added by thertuto

according to his knowledge and experience in this type afscéssignment.

The ultimate aim of this double evaluation process was topaymthe manual evaluation performed by the tutor to
the semi-automatic assessment process provided by tleasysd this end, each evaluation process resulted in prnogosi
both a final mark for each student and a position list wherestalilents were ranked according to his/her final mark
(see first and last columns in the feedback information degim Figure 5.8. In the semi-automatic evaluation, on the
one hand, the system addressed four indicators, namelyitaqbassivity, impact and effectiveness, becoming 50% o
automatic evaluation. The rest of the evaluation came filenquality indicator only, which was addressed by the tutor
who was in charge of assessing the contributions’ contealitg(40%), and the peers who assessed the usefulness o
others’ contributions on average (see also Figure 8 foh&urinformation). Please note that these percentages nngy va
according to the type of the discussion and they can be adjust the tutor. On the other hand, the manual evaluation
process was carried out entirely by the tutor and followedsiime assessment procedure as that performed while usin

the standard discussion tool of the UOC.

The results of the automatic assessment were very pronggicg the tutor in charge of the DF agreed with the final
marks proposed by the system in more than 75% of cases. 31f d0t students in the DF’s rank matched the same

position as in the rank appeared in the tutor’s spreadsheatdition, the tutor reported the promising benefits frow t
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Table 5.4: Excerpt of a questionnaire’s results on both theabd the standard tool to support the discussion process.

Selected questions Average of structured responses (0 - 5) xderpt of students’ comments

Assess the DF as a collaborative tool 3 "Apart from some tieghproblems,
the DF fulfilled my expectations”

Evaluate how the DF fostered
your active participation 4 "The statistical data and gyassessment
displayed influenced my patrticipation”

Did the DF help you acquire knowledge
on the debate’s issue? 4 "The standard tool is a chaos for large debates (...)
DF’s discussion rooms eased me the debate a lot”

Compare the DF to the campus’ standard
discussion tool 4 "The DF should be used to support debates in other courses”
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DF in the monitoring process on the discussion since thistoehalleviates tutors and moderators from the tedious work

of tracking and evaluating the discussion’s dynamics artdasnes manually. On the other hand, a clear inconsistency
was identified since all final marks proposed by the systemescb.1 points on average lower that those proposed by the
tutor, thus showing the need to weight the indicators in theridre objectively. In overall, these results are not cagict

but they encourage us to undertake more experimentatioasgetially validation processes on the automatic assessme

approach.

To sum up, the overall experience is very promising for eslmnknowledge management that contributes to the
improvement of the discussion process in virtual collabheeadearning environments. Even though the results of this
experience are not conclusive due to its exploratory naftom the analysis of the results it has been proved to p@mis
significant benefits for students in the context of projexddul learning, and in education in general.

On the other hand, the centralized approach in terms of éegifysical node supporting the whole discussion process
brought considerable repercussions on the learning eqpej such as lack of performance, scalability, faultrésiee,
and interoperability (see section 4.2 in Chapter 4 and Caleakl., 2008e for more information). To this end, later on in
this chapter, it is reported the experience of providingritisted infrastructure to the DF prototype in order to nibet

mentioned non-functional requirements that may influehedearning process a great deal (Cabetlal., 2007c).

5.3 CoLPE: support for communities of learning practice

This section reports on a experience of using an innovatitertology-enhanced learning tool to support a real comtyuni
of formal learning practice (Cabélland Feldman, 2008f). First, the underlying groupwarefqiat, called CoPE, is
introduced that provides the essential functional supfoortiemocratic groupware. Then, the main guidelines for the
requirements and design of this application are descriBsdart of the design, specific action types are proposed that
promote meaningful contributions to be used to analyzenkar interactions in terms of performance and the pasicul
skills exhibited during interaction. The aim is to extragtevant knowledge in order to provide learners and tutotl wi
efficient awareness, feedback, and monitoring as regaatsdes’ performance and collaboration. Finally, this tigol
employed in a real on-line learning environment to suppauliaborative activity based on an asynchronous discassio
The experience and the evaluation results of using thisegin are reported, showing promising opportunities to

support the formal and also informal discussion processesrang in current communities of learning practice.

5.3.1 Motivation

Over the last several years, collaborative e-Learning :ieade been evolving with more and more demanding pedagog:
ical and technological requirements (Pankatrius et ab320Modern pedagogical approaches targeting formal euca
include advanced learning techniques based on some forollaborative consensus-building mechanism, such as-learn

ing by discussion and problem-based learning (Dillenboli®§9). To this end, a great deal of software packages in the
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form of Learning Management Systems (LMS) has recently agoein the marketplace to support those communities of
learning practice formed during the formal learning preceghich typically involve all students in a classroom. Tées
tools enable the management of educational content andréégpate tools that support many of the groupware needs,
such as e-mail, discussion forums, chat, virtual classsp@md so on (Cabdlet al., 2007b).

On the other hand, informal collaborative learning tydicatvolves a small number of students who meet each other
informally after classes in small study groups to carry q&cific learning activities assigned during the formal ihérag
process. These groups of people also form communities ofiteapractice where an important part of both individual
and group learning process takes place and whose membeftearseparated geographically and have the need to mee
asynchronously.

In all cases, collectives of students who are separateddyrgphy and/or time form communities of learning practice
where an important part of both individual and group leagrpnocess takes place asynchronously. However, the lack of
suitable and available groupware applications makesfitdif for these groups of learners to collaborate and aehiegir
specific learning goals. In addition, current collabomtigarning applications and sophisticated learning manage
systems do not conveniently address the support to leagnogps who are chiefly formed by non-technical people and
who lack of the necessary resources to acquire such systspesially in informal learning.

In particular, in on-line collaborative learning enviroants, the discussion process forms an important social task
where participants can think about the activity being penfed, collaborate with each other through the exchange of
ideas arising, propose new resolution mechanisms, anifyjasid refine their own contributions and thus acquire new
knowledge (Salomon, 1993). The lack of technological supo democratic decision-making mechanisms is however a
main handicap to both achieve a consensus in a discussioegsby means of voting and substitute the central authority
of knowledge in small study groups. Furthermore, curretiaborative applications provide poor support for the espr
sentation and analysis of group activity interaction asssesetial feature to sustain a collaborative learning disioum,
in terms of coaching, monitoring, and evaluation (Zumbaichl.¢ 2003; Daradoumis et al., 2006). A large amount of
information is generated from the actions performed by tigipants during the discussion process, which includes
complex issues of the collaborative work and learning psde.g., group well-being as well as self, peer and group
activity evaluation). This information is then used in extting and providing effective knowledge on interactiohdne
ior to adequately regulate the learning process as well asliance learning group participation by means of providing
appropriate awareness and feedback.

In this section, these entire approaches are taken one wtiyerf by introducing a new collaborative learning tool
called Communities of Learning Practice Environment (C),Ras a result of a research effort of both the Open Uni-
versity of Catalonia and the International Computer Saeimstituté. CoLPE was developed to support and enhance
the discussion process encountered in many on-line coargkalso in those informal study groups in the form of on-

line discussions. This system implements many of the appesadescribed so far and the first results drawn from real

6The International Computer Science Institute (ICSI) is alileg research center in computer science located in BerkeleyUSA. ICSI can be
reached at: http://www.icsi.berkeley.edu (Web page aspoil 008)
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collaborative learning show very promising benefits fodstus in a real context of learning and in education in génera
To this end, first, it is presented an existing groupwareesystalled CoPE developed by the same research group tha
provides informal support to collaborative work. Then, thain requirements that guided the development of CoLPE are
described by means of extending CoPE to the learning donmairincorporating essential functionalities regarding the
management of information and knowledge about group &gtiVhe experience and the evaluation results of using this

application in a real learning context are reported latein@ub section of results.

5.3.2 CoPE: Democratic support for collaborative work

CoPE (Feldman et al., 2006; Thaw et al., 2008) is a web-basedmwidive system aiming at providing formal and
informal cooperative work over the Internet to non-techhpeople or those who lack of the necessary resources toracqu
such systems. As such, CoPE provides most of the functigreatpected from an asynchronous Computer-Supported
Collaborative Work (CSCW) (Bentley et al., 1997) applicatisuch as information management and communication
facilities.

CoPE is designed to enable a specific type of collaboratisnpaet of CSCW that has not been adequately addresse
so far. Specifically, this involves sets of individuals whtaee a need or desire to engage in collaborative production.
The object of this production is something that can be catlifiedocuments. CoPE is targeted to individuals who do
not already have a formal workflow for this collaboration dnavare seeking to improve upon inefficient workflows.
CoPE also envisions enabling collaboration among indafgiwho are part of organizations with formal collaboration
mechanisms, but whose mechanisms are limited to intraatrgiion collaboration. Finally, CoPE is designed to eaabl
collaboration, not management, and thus envisions "deaticticollaboration.

There are many examples of sets of individuals around thédwdno have a need or desire to collaborate but lack
the resources, knowledge, or institutions to do so. Consfde example, public school teachers, social workers, and
community action groups (where the group and its peer gratgpthe "individual”). Often these individuals are sepadat
by geography and/or time and can be too distant from one antilorganize face-to-face meetings. They also could be
unable to meet due to scheduling constraints or differingkviours. Such individuals may already be part of existing
organizations but the "peers” with whom they wish to colledie are in different organizations. CoPE is especially
targeted to these individuals and organizations who labistsuntial technical expertise or the resources to acquitk s
expertise.

CoPE was developed for the needs of a certain type of useirfgriine CoPE User Community. The system interface
design makes assumptions based on the characteristicstofisars. We call this type of user the "General User”. The

following assumptions motivate this definition:
e users do not have specialized (information/computind)riaal skills,

e users possess a basic skill set for computer and Interngéusa

"The CoPE’s web site is found at: http://cope.icsi.berkeldy (Web site as of April 2008)
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e users posses the ability to learn a new (information/comgyskill set of this same basic technical level,
e users are willing to learn a new (information/computing)lslet of this same basic technical level,

e users do not already share a sophisticated and/or longrustiabd for electronic collaboration.

There are several features and mechanisms of the impleth€otfeE system that support collaborative work and in

particular group discussions:

e hierarchical threaded discussion of documents to servecaseafor group consideration of material of any kind,
which can include arbitrary additional material where ardamator typically posts a document for discussion and

also intervenes in the ongoing dialog when appropriate.

e support for the production of joint projects by subgrouppaiticipants by easily setting up subgroups so that the

work of each group is kept private from the others, but ishlésto the coordinator.

e allow the coordinator of a CoPE site to customize much of tmnfand content of the material without program-
ming and a range of choices on discussion and voting meth@dpravided enabling coordinators without IT

expertise to customize their discussion environments.

CoPE is built by modifying and taking advantage of Plone&sgAspeli, 2007) powerful content management
capabilities, such as information management, documerifloa;, and so on. CoPE modifies Plone appropriately to

achieve the desired functionality.

5.3.3 CoLPE Development

The extension of CoPE to learning is called Communities @frhing Practice Environment (CoLPE) (Caladind Feld-
man, 2008c; Cabadllet al., 2008f) which relies heavily on CoPE, and in turn aanB| for most of the mentioned func-
tionality that combines CSCW and collaborative learningpdagms. In addition, specific behavior has to be aggregated
to facilitate both the construction of knowledge amongreas and the development of cognitive-acquisition sksilssh
as problem-solving abilities as well as the provision of daquate multi-support framework so that tutors and peers ca
provide a suitable scaffolding when needed; these are Kagcesthat distinguish CSCL from CSCW. CoLPE pursue
theses objectives by means of seeing discussion as a meldiaogh which the building and distribution of skills and
knowledge is effected.

This subsection presents the collaborative learning rements that motivated the CoLPE development and the main
guidelines that guided its design. The ultimate aim is tosjof@ full support to both formal and informal learning greup

by means of the collaborative discussion process.
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5.3.3.1 General requirements and pedagogical background

CoLPE’s requirementsinclude support for the essential types of generic contiobs found in any discussion process,
namely specification, elaboration and consensus (Saiprh993). Specification occurs during the initial stagehaf t
process carried out by the tutor or group coordinator whdrdmries by defining the group activity and its objectives
(i.e. statement of the problem) and the way to structure tbhemactivity in sub-activities. Elaboration refers to the
contributions of participants (mostly students) in whicpraposal, idea or plan to reach a solution is presented. The
other participants can elaborate on this proposal throufférent types of participation such as questions, comsjent
explanations and agree/disagree statements. Finallyn &heorrect proposal of solution is achieved, the consensus
mechanisms take part in its approval (this includes diffecensensus models such as voting); when a solution is tetep
the discussion terminates.

A fundamental requirement to sustain collaborative leggr@pplications is the representation and analysis of group
activity interaction to facilitate coaching and evaluat{@®illenbourg, 1999) as well as awareness and feedback atbau
is happening during the collaboration. To this end, in edieg CoPE to e-Learning a primary requirement is management
and provision of information and knowledge about groupvétgti The ultimate goal is to enhance and improve group
activity by constantly keeping users aware of what is goingnothe system (e.g. others’ contributions, new documents
created, etc.), In addition, monitoring participants’fpemance allows tutors to identify problems that particifsamay
encounter during the assignments. These findings can theseleto provide both real-time and asynchronous support to
students (i.e., help students who are not able to accomplstasks on their own).

Finally, in a discussion process, participants performla azcording to their profile (e.g., coordinator, member,
guest, etc.), have personal preferences (e.g., languadeea up environment features (e.g., sound or visual sffestt
or voice warnings, etc.) according to their personal charastics. Participant needs are not static and they easwtbe

discussion moves forward.

5.3.3.2 The design of the application

CoLPE desighaims at providing specific support to the essential typessakgc contributions in a discussion process
identified in the requirements, namely specification, efation and consensus. In CoLPE, these different types arigen
contributions are managed by the three essential aspdstgin any collaborative learning application (i.e.pcdina-

tion, collaboration and communication) (Ochoa et al., 2@@&balk et al., 2004). Coordination involves the organization
of groups to accomplish important objectives to performscadssion, such as workspace organization, group structure
and planning. Collaboration lets group members share any & resources while communication represents the basis
of the whole discussion process since it enables coordimaitnd collaboration to be achieved by providing them with

low-level communication support. Based on these threesarezooperation, the main guidelines in designing the gener

8The complete requirements of CoLPE and their analysis araffatirhttp://clpl.uoc.edu/docs/CoLPESpecification. iéb page as of April 2008)
9The complete design of CoLPE is found at: http://clpl.uoa/ddcs/CoLPEDesign.pdf (Web page as of April 2008)
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types of contribution is as follows:

e The specification phase is mainly based on coordinationiwhimlves the organization of groups such as workspace

organization and group structure and planning, so as tangglish group objectives.
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Figure 5.9: Discussion thread formed by the head of the thaea the follow-up comments. Red flags provide feedback
at thread level informing where the news is.

e Elaboration is the main phase in the discussion, whichgelieboth collaboration and communication allowing
students to share any kind of resources (e.g., participafi@ces, documents, etc.) as well as exchange ideas b
posting messages to a discussion space. To this end, this ghmainly structured in CoLPE by means of folders,
which hold the discussion threads and other subfoldersifwyitihe whole discussion as a learning assignment or
activity. A discussion thread in turn holds a document ot page, which will head the rest of the comments of the
same thread. A subfolder may contain others in order to azgdahe workspace more effectively or for the purpose

of storing additional resources (see Figure 5.9).

During the elaboration phase, a key issue in CoLPE is thairbed participant sends a new contribution to a
discussion thread, this contribution is categorized usimgedefined list of labels or categories, such as request
for information, opinion, clarification, elaboration, gtinform in terms of extension, suggestion, explanation,
justification, illustration, etc.; problem, which may beufa as statement, solution, etc; greetings, motivation,
among others (see Figure 5.10 and also Table 5.1) for a cterijgieof labels). The purpose of these categories is
to classify the intention of the contribution. Not all cabeigs are always made available since depending on where
the discussion is found just a subset of them are made alail@bese categories represent the information source

to eventually present complex feedback to users in termanbicfpation impact and user profile (see further in this
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Figure 5.10: A list of tags to qualify a contribution.

section for details).

Depending on the pedagogical model and objectives punsutié discussion, a discussion thread may start by
submitting a proposal, a solution of a problem, etc., whictoibe later on discussed by the participants by means
of sending contributions to the thread. Eventually, basedhe cognition level achieved during the discussion,
participants may vote on the initial proposal submitted sdcaapprove/disapprove it. On approval the proposal
may be archived while on disapproval it may be also revisetlrasubmitted to be discussed again. Therefore,
a discussion thread follows a workflow with several statesnfdraft to approval or rejection (see Feldman et al.

(2006) for more information). The functionality is availakto the tutors who can manually change the state of the

thread.

e The consensus phase in the discussion process is also aselthboration by which a voting system is shared by
the group members to choose the best proposal arisen dherdjscussion. To this end, several voting modes are

available in CoLPE to meet different consensus needs (sered=i5.11.

In order to equip CoLPE with appropriate knowledge managemigthe users’ interaction data analysis, the generic,
reusable service-oriented, component-based capabilitithe CLPL platform was used (CLPL) (Calaaét al., 2007e).

This platform was specially used to give support for theraatdon data analysis process and the presentation of the
knowledge extracted (see section 2.3 in Chapter 2 for arvigweof this process). | particular, the CLPL’s capabilitiy o
managing the system’s log files and the statistical anagw@sat information as well as the management and maintenance

of the knowledge extracted by that analysis. In additioa,dbsign took advantage of the presentation of the knowledge
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Figure 5.11: Several voting modes available.

generated to users in terms of immediate awareness (see Fig8 and constant feedback (see Figure 5.12) of what is
going on in the system.

Finally, personal features of the discussion group p@dicis (their role, collaboration preferences and so ongwer
taken into account and a user and group model were desigratts@llow participants to add new services as their needs
evolve as the discussion moves forward. These entire ugerés were included in CoLPE by means of the the CSCL
User Management component through the user profile managemesystem, providing solid support for building and
maintaining the user and group model.

Therefore, CoLPE supports a complete discussion processgh the realization of three generic contribution types
and an open user and group model. Furthermore, this apphcebdnstitutes a valuable resource to improve essential
features of a discussion process such as awareness ofigaarticontributions and enhance the abilities of users by

increasing their knowledge of each other in terms of matwatinteraction behavior and so on.

5.3.4 Implementation technology

Presently, CoLPE prototype is hostdhy a server at the UOC and running a client-server applicatignlike the DF,
which was built entirely from the CLPL, CoLPE prototype wagymally an existing system to support collaborative
work (see CoPE system above) and extended to the learningiddiy means of the CLPL. This subsection sheds light
on the internals of CoLPE from the technology standpoint.

Advanced frameworks in the form of web application servexgehappeared in the marketplace for the easy Web
development. One important reason that justifies theitenxée is to make the logical part of the applications inddpah

from the presentation to users (Cabadlt al., 2008g). Indeed, this is the most important decigibite implementing a

10CoLPE’s web site is found at: http://clpl.uoc.edu:808Qsetest (Web site as of April 2008)
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Figure 5.12: Partial feedback at folder level presentedl fwaaticipants. Themost byandyoursindicators allow students
to compare their own quantitative performance to the reit@tontributors.

software that was designed according to the MVC designnpegieen that it makes it possible to distinguish the différe
roles involved in the implementation and thus the graptdesigners can update the user interface without depending o
the code programmers.

CoLPE is supported by a main representative of web appdicaervers calledope which is open-source, object-
oriented and python-based (Latteier et al., 2007). ColLRKEstaadvantage of Zope’s object-oriented internal ad hoc
database called Zope Database (ZODB). ZODB provides wefrgmumers with advanced storage capabilities on Zope’s
objects without having to be worried about database isswethe persistence management in Zope becomes completel
transparent to them. Moreover, Zope comes with plenty cdlokete adapters to connect Zope to any external databas
existing in the organization where Zope plans to be involgavell as the large Zope’s API allows programmers to deal
with all Zope’s objects directly from scripts. Finally, asgit deal of web programming and administration work can be
easily done by using the powerful web-based Zope Managemtarface (ZMI) which is immediately propagated to
CoLPE.

Zope is built with Pythoh'. There exist many projects aiming at providing support fredoping web services with
Python. Major effort is Zolera SOAP Infrastructure (Z3I)CoLPE takes great advantage of ZSl to extensively use the

CLPL by calling its Web-services from the Zope’s python-lerpented internals.

11python programming language is found at: http://www.pytban(Web page as of April 2008)
1273l is a SourceForge project found at: http://pywebsveseaiorge.net/ (Web page as of April 2008)
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The flexibility of the CLPL's Web-services was essentialriterfacing Zope’s functionalities into the CLPL environ-
ment and thus providing seamlessly computational learsimgport. This flexibility is two-fold. First, fully intercgr-
ability between Zope’s Python and CLPL's Web-services dadelava. Second, high level of abstraction of the CLPL's
generic Web-services, which could be reused and apprefyridted in and coded with the specific functionality recadr
by CoLPE. This independence between programming langusigeged for the use of Java to code the Web-services and
take advantage of this powerful and experienced languagbddmplementation of the logics and information layers. .

On the other hand, a Web Content Management System (Web CiSp#ware systems primarily used for Web
content management among a potentially large number ofibatdrs. The main purpose of a Web CMS is to make
available a great deal of electronic documents and Web obater the Internet to a large amount of people who share
and enrich such contents in a non-proprietary fashion. Ssystems include interesting features such as the concept o
workflow with the idea of moving web content or electronic do@nts so as to create and update and make decisions o
a content collaboratively.

CoLPE relies heavily on one of the main exponent of Web-bageth-source CMS called Plone (McKay, 2006),
which is built on top of the Zope web application server. Rlpnovides advances CMS capabilities, such as information
management, document workflow, groupware tools, and so ba.nfain advantage of Plone is to be extensible so as to
fit specific needs in the CMS domain. For further informatiorRone, see McKay (2006). CoLPE is built by modifying
Plone and in turn Zope. Plone provides CoLPE with most of tmtent management technology needed, such as databas
storage, user authentication, and workflow, as well as ptasen code, which is written in HTML and CSS sheet styles.

CoLPE adds and modifies code in Plone to achieve desireddunadity.

5.3.5 Evaluation and results

In order to evaluate CoLPE'’s prototype and analyze its &ffiecthe learning experience, and in particular the disonss
process, the real on-line learning context of the Open Usiyeof Catalonia was used. 43 graduate students enralled i

the course Methodology and Management of Computer Sciemged®s were involved in this experience.

5.3.5.1 Experiment procedure

The experience consisted of a discussion assignment, gthim of discussing how a project manager can deal with the
problem of changing the requirements of software projedthvare already in advanced phases of their development
because of demanding and urgent needs of the clients. Theest title was: "Change management: necessity or
virtue?”.

The procedure was the following: students were free to ogeo, Dne or several discussion threads (i.e., head of
threads) where they proposed strategies, ideas, etc.pto@pately deal with the topic of the discussion. During th
discussion, any student could contribute in both his ownaarydother discussion thread as many times as needed, as we

as start extra threads to provide new arguments or appreadtieregards to the issue addressed. The only requiremen
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Table 5.5: Basic statistics about participation.

Statistics CoLPE
Number of students 43
Number of active students 26
Number of heads of threads 17
Number of comments in threads 93

Total of posts 110

Mean number (posts/thread) M=6.4 SD=4.5

Mean number (posts/student) M=4.2 SD=3.8

was to make at least one post to either a head of thread or aeonimm

5.3.5.2 Results and analysis

The results of this experiment are provided by means ofssizdl analysis. A structured and qualitative report wae al
conducted at the end of the discussion addressed to altipariis who were asked to both assess the prototype anc
compare it to the standard well-known discussion tool they &ready used in previous courses at the UOC.

A statistical analysis of the results of the discussion @ashin Table 5.14. Note that the discussion took place at
the end of the course and even though the number of poteatiitipants was 43 (i.e., students enrolled in the course),
roughly 40% of them had already made the decision to give fqré¢he assignment started and as a result they did not
pay attention nor contribute to the discussion. So, the rmurobactive participants who participated in the discussio
actively or passively was 26.

From the results of Table 5.14, the SD statistic for the gthsad mean appears to be high, which shows the
heterogeneity of the discussion involving threads of veéffgiént length and also that actual discussion was geeerat
and as a result the contributions became highly structurdégpecific. In addition, the posts/student mean rates tigh (
requirement was 1 post per student) and shows a generashieithe discussion.

On the other hand, the SD statistics for posts/studentdstadg meaning that some students participated a lot (more
than 10 posts) while a few tried to fulfill the assignmentguigement and provided single, monolithic point of view. It
could be argued that at the end of the course students laek titaugh more experimentation have to be undertaken to
confirm these results.

Table 5.15 shows the most frequent categories used to tagptitebutions. Although the choice of the category
appears to be mostly correct, they could indeed be moregaredihe permanent availability of all possible categories
did not help participants to choose carefully. In futuredtmns, only those categories which are appropriate (hake
sense) at a certain point of the discussion will be showrs fhcilitating the choice a great deal.

Table 5.7 shows the results of a structured and qualitagipert conducted at the end of the discussion addressed tc
the CoLPE users who were also asked to compare it to the sthnedl-known tool they had already used in previous
courses at the UOC. Despite participants were excited Wigheixperience, this report also shows the technical pnable

faced due to the server’s poor performance where CoLPE wasmy, which was unable to conveniently handle both the
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Table 5.6: Distribution of the tagged contributions.
Exchange actions  Contribution categories # Tagged contriltions
support Greeting 3
Motivation 0
request REQUEST-Information
REQUEST-Elaboration 0
REQUEST-Clarification 3
REQUEST-Justification 0
REQUEST-Opinion 20
REQUEST-lllustration 0
inform INFORM-Extend 17
INFORM-Lead 0
8
0
17
1
0
21
6

INFORM-Suggest

INFORM-Elaboration

INFORM-Explain/Clarification

INFORM-Justify

INFORM-State

INFORM-Agree

INFORM-Disagree
set-up-an-issue PROBLEM-Statement 16
provide-solution ~ PROBLEM-Solution 1
consent-solution  PROBLEM-Extend solution 0

demanding hardware requirements of Zope server and thieipartts’ concurrency (Cabéllet al., 2008e). This problem
is explored and handled in the next section.

In overall, this is a promising approach for enhancing comities of learning practice by means of an innovative
tool that contributes to the improvement of the discussimtgss occurring in both formal and informal collaborative
learning settings. Indeed, the analysis of the results g@significant benefits for students in the context of prtejec
based learning, and in education in general.

On the other hand, more powerful hardware is needed so agtoawe the poor server’s performance issue. To this
end, next section reports the experience of adding disétbinfrastructure to the CoLPE prototype in order to mele¢ot
important non-functional requirements that influence ganing process a great deal (see section 4.2 in Chapter 4 an
Cabalk et al., 2007g), such as scalability, fault-tolerance, iatetoperability. For instance, the gain in fault-tolezan
might help enhance the effectiveness of complex collaherd¢arning processes (e.g., by avoiding a central point of

failure).

5.4 Adding distributed infrastructure to meet non-functional requirements

This section summarizes and reports from a different petsfgeon the same experiences of using the Discussion Fo-
rum (DF) and CoLPE as those previously described. Even thtlugse learning experiences were successful from the
pedagogical standpoint, many inconvenience arose in tefrtashnical issues that impacted negatively on the whgheex
rience. Indeed, as discussed in Chapter 4 (see sectiorcdr®in non-functional requirements are especially fatistg

when they are not fulfilled appropriately during any colleditve activity. These requirements include fault-tofera,



Table 5.7: Excerpt of the questionnaire filled out by the shisl.

Selected questions Average of structured responses (0 - 5) xderpt of students’ comments

Asses CoLPE as a collaborative tool 4 "Despite technical problems with the server
| found CoLPE very useful due to the distribution of posts
into threads and also be aware of where the news was”

Evaluate how CoLPE fostered

your active participation 2 " liked the categorization as it
helped me understand others’ contributions and
reply being more confident on my contribution”

Did CoLPE help you acquire knowledge
on the debate’s issue? 2 "The notification of news was useful
to be aware what was happening”

Compare CoLPE to the campus’ standard
discussion tool 3 "CoLPE is more suitable to support this type of discussi@ntthe UOC'’s forum”
"Certain functions are missing in CoLPE:
subscription to your thread,
advanced search function, etc.”

S)|nsal pue uonenjeATnMios paingiisip pue Buiwwelboid aBuab “1DSD Bulbian

LET
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Table 5.8: Main statistics extracted from the debate usoth discussion tools.

Statistics Standard tool DF

Number of students 40 40
Number of threads 57 65
Total of posts 171 549

Mean number (posts/thread) @ M=3.0 SD=2.4 M=8.4 SD=5.0
Mean number (posts/student) M=4.2SD=1.9 M=13.7 SD=3.1

scalability, performance, and interoperability, whichym@ing considerable repercussions on the discussion gsbce

performance and outcomes as their lack impedes the noraraitg flow (Cabak et al., 20079).

5.4.1 From a centralized to a distributed approach

Previously reported experience (see previous section abdl€ et al., 2007g) on the use of the DF for the support of two
discussion activities resulted very successful altogdtioen the pedagogical point of view as it showed the benefits o
providing an adequate information and knowledge manageimsnpporting the discussion process. Indeed, the qyantit
and quality of the contributions during the debate greattyeased in comparison to the experiences achieved usng th
well-known asynchronous threaded discussion forum afférethe virtual campus of the UOC (see Table 5.8). First
experience was run in a centralized fashion by a single nodéhe other hand, second experience was run in a distributec

fashion. Next, both experiences are reported separately.

5.4.1.1 Centralized approach

The first experience using the DF was supported by using pestpbiysical node (Windows 2003 server, Intel Pentium
3 CPU 800 MHz 512MB RAM) to support all the work on server sidamely the apache server supporting the PHP
code, all the web-services and the database. Many incanvess arose due to the overuse of the Windows server nod
by not only the participants of this experience but also mathgr students who carried out their activities misusing) an
abusing this server as an academic resource. As a resulteliate was interrupted several times due to node’s failures
Moreover, the debate’s participants suffered from serlagk of performance due to both the concurrency of different
participants trying to gain access to the DF at the same timddlee server’s resource consumption by external users. As
a result, this generated a lot of frustration and complaimutinot being able to make progress on the discussion @oces
(see participants’ comments in the questionnaire in Tal®. Finally, the lack of integration of the DF within the twial

campus forced students to authenticate again when entagrigF.

Table 5.9 shows the results of a structured and qualitagipert conducted at the end of the first experience addresse
to the DF’ users who were also asked to compare it to the stdvaal-known tool they had already used in previous

debates.



Table 5.9: Excerpt of a questionnaire’s results on the figegence using the Discussion Forum tool supported bygustserver.

Selected questions Average of structured responses (0 - 5) xderpt of students’ comments

Assess the DF as a collaborative tool 2 "Apart from seriogkr&al problems,
the DF fulfilled my expectations”

Evaluate how the DF fostered
your active participation 3 "The system performed very $jow
| don’t understand why the university
is not able to provide us with a more powerful server!”

Did the DF help you acquire knowledge
on the debate’s issue? 4 "The standard tool is a chaos for large debates (...)
DF encouraged me to participate”

Compare the DF to the campus’ standard
discussion tool 3 "The DF is a powerful tool but most of times
| couldn’t even enter because of
timeout problems”

S)|nsal pue uonenjeATnMios paingiisip pue Buiwwelboid aBuab “1DSD Bulbian
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5.4.1.2 Distributed approach

The second experience was supported by the distributetbmessthe DF. The distribution procedure was the following

(see Caba#l et al., 2007g and Figure 5.13):

The DF prototype was supported by three nodes located indwarated buildings of the UOC. Each node had very

different configurations:

- Linux Red Hat 3.4.6-3 cluster, Intel Xeon CPU 3.00 GHz 4GBNRA
- Windows 2003 server, Intel Pentium 3 CPU 800 MHz 512MB RAM
- Linux SUSE 2.4.21-99 machine, Intel Pentium 4 CPU 2.00 &38MB RAM

For the purpose of this experience, all Web-services of th@idtotype were replicated on each node (see subsectior
4.2 in Chapter 4 for an overview of how to use the CLPL to takeaathge of the distributed technology). Moreover, the
same client code in the form of PHP running on Apache Web semwas installed in two nodes (Windows server and
Linux SUSE machine). Finally, in this prototype, just a $inigistance of the database was installed in Windows server.
The Windows server acted also as an entry proxy by redigetitHTTP level all the requests received to either itself or
the Linux Red Hat cluster. In this first version of the appfodte database is supported by just one node, which make:
the system fully dependent from it. In future iterationshuistapproach, it is planned to distribute the database ierakv
nodes and manage its consistency by the data web-servitesulfimate goal in this initial version was to prove the

feasibility of the distributed approach.

Tomeat (WS-UI Java):
mipidpos, oo edu: B0 RS senvices CECLAUthentication Business
AR

DFES LG

Tomeat {W5-B Javal

hitp:Ydpesgrd. oo edu :BREE axisiserioes/ CECLAUthenticationBusiness
g = 7

DPCEGRO.UOC EDU

Tomeat (WE-D Javal

hilpfeinint2 woc edu:BOAS axis! LauthenticationData

EINFRNT2.UOC.EDL {Praxy]
Apacha wab-servar
Clieant code (FHP)

Learner 1

Figure 5.13: The distribution of the DF using the CLPL.
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To that end (see Figure 5.13), upon the reception of a ussgisest, the Windows server proxy first pings at Linux
SuSE machine whether it is alive. If so, the Linux SUSE maelsitarts dealing with the request by executing its PHP
code, otherwise the Windows server itself is doing so by etieg its own PHP code.

From the client PHP code it actually starts the sequentihtbain of web-services for each layer, namely the user
interface, business, and data web-services for each Gimatquested. Each call to a web-service implies, if posstbl
send the current request to another node. However, beftiregaweb-service on a different node a ping is sent to check
the node’s availability. If the other two possible nodesdo@n, the node managing the current web-service calls tkie ne
web-service locally and tries again to find another node wiecall the web-service of the next layer.

When the request gets finally the data layer (i.e., the datassebce), the call is addressed from any node to the
Windows server. Once the information has been successhalyaged in the database, the response is sent back to th

client through the same way the request took.

5.4.1.3 Experimental results

Despite the functionality provided was the same as the pusvéxperience, the results improved from both the partici-
pants’ and tutor’ standpoint (Cabalét al., 20079g). Indeed, the system performed smoothlyusidpe time the DF was
reported to be unavailable. This improvement came maiwyfthe utilization of other nodes apart from the Windows
server, which was still overused. This fact provided an irtgot performance gain that all students appreciated & grea
deal (see Table 5.10). This improvement influenced on theudgon process in terms of more contributions of better
quality in average (see Table 5.11).

On the other hand, the lack of integration of the DF into théual campus of the UOC forced users to authenticate
again and gain access to the DF. Despite not being a majanienence, satellite applications may impact very negtiv
on information systems in terms of redundancy and lack obistency (Cabadl et al., 2007g). However, the inherent
interoperability feature of the CLPL's Web-services letmla potential solution to that problem for the specific case o
the DF, which is currently to do with administrative incortipdities more than a technical issue.

Table 5.10 shows the results of the structured and quaétagiport conducted at the end of the second experience
This report was the same as that conducted at the end of thieysexperience.

Table 5.11 shows a comparative study between the first armhdezxperience. Certain key indicators, such as the
tutor assessment and the participation impact, improvedisly the effect of the distribution approach in the leagnin
process. Particularly interesting is the improvement eftassivity indicator showing the contributions in avenageding
to read. The reason may be found on the normalization of thfenpeance of the system, which allowed the participants
to spend time reading others’ contributions. This, in temhanced the discussion process by increasing the cagr@sci
level of the discussion.

These experimental results should be taken carefully as madidation process needs to be undertaken. Nevertheless

the results here presented leads to believe that the use @fltRL platform for enhancing the effectiveness of complex
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Table 5.10: Excerpt of a questionnaire’s results on thersgegperience using the distributed Discussion Forum tool.

Selected questions Average of structured responses (0 - 5) xderpt of students’ comments

Assess the DF as a collaborative tool 4 "The system performech better
| could realize its potential”

Evaluate how the DF fostered

your active participation 5 "Finally the technical problem
seem to have been solved and
| could participate at my pace”

Did the DF help you acquire knowledge

on the debate’s issue? 5 "The statistical data and
quality assessment displayed
influenced my participation”

Compare the DF to the campus’ standard

discussion tool 4 "There is still more work to do
to improve the user interface
but the system performs well”
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Table 5.11: Main learning indicators extracted from bothexiences.

Indicators First experience  Second experience
Tutor assessment 0-10 (average) 6.2 7.8
Peer assessment 0-10 (average) 5.4 6.5
Participation impact (average) +1.8 +4.1
Passivity (pending to read on average) 88.3% 31.9%

Table 5.12: Main statistics results from the class assignm&ng both discussion tools.

Statistics Standard tool ColLPE
Number of students 43 43
Number of threads 29 17
Total of posts 174 93

Mean number (posts/thread) M=6.0 SD=2.7 M=5.5SD=4.5
Mean number (posts/student) M=4.0 SD=1.6 M=2.2 SD=3.8

collaborative learning processes becomes a reality. liicpéar, the results shows the suitability of this platfomiaking
great advantage of distributed infrastructure to overconportant barriers arisen during the learning processerfahm

of non-functional requirements.

5.4.2 Grid infrastructure to meet non-functional requirements

This section reports again on an experience using CoLPHdbktplace last academic term at the UOC. As described
previously 43 participants were directly involved form tt@urse Methodology and Management of Computer Science
Projects (see previous section and Cahadt al, 2008e). For the purpose of this new perspectivesoétiperience, other

43 participants are added forming the audience of anotBeugsion on the same topic held at the same time in a differen
virtual classroom of the same course and using the standsedsgion tool existing in the classroom. By comparing
both discussion dynamics ruled by the same conditions sheds light on the effects of the centralized approach in the
learning experience. Next, it is presented the experinheating and data gathered using CoLPE to support a disgussi
process and above all its effects in the learning experidratanotivated this study.

The whole experience was supported by a Zope server (Lagea., 2007) on the back end, which run on a single
node (i.e., Linux SUSE 2.4.21-99 machine, Intel Pentium ¥ QR0 GHz, 256MB RAM) hosted at the UOC as part of
its internal network.

Despite the experience was quite successful in terms of oh&E’s knowledge-based strategy, which impacted posi-
tively on the discussion process (see section about ColtRéEStatistical results comparing this tool to the standamam
of the UOC showed that the discussion using CoLPE was poarljcipative (see Table 5.12). Moreover, the results (see
Table 5.13) of a structured and qualitative report condlatehe end of the discussion confirmed the undermined effect
of CoLPE’s centralized approach in the learning experience

In particular, the problems were originated as followsstiZope is a powerful server that demands a fairly amount

of hardware resources to run. Second, the need to processnahde large and complex information collected from
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Table 5.13: Excerpt of a questionnaire’s results on CoLRizduation to support the discussion process.

Selected questions Average of structured responses (0 - 5) xderpt of students’ comments

Asses CoLPE as a collaborative tool 3

"CoLPE shows greangiatéout | avoid
to use it since it performed very badly and
my time is very limited. | can’t afford
to spend one hour just to send
one contribution and read others’ messages!”

Evaluate how CoLPE fostered
your active participation 3

"The standard tool is a chaoddaye debates (...).
Apart from many technical problems,
CoLPE encouraged me to participate”

Did CoLPE help you acquire knowledge
on the debate’s issue? 2

"CoLPE is a powerful tool but most of times
| couldn’t even accede because of timeout problems

Compare CoLPE to the campus’ standard
discussion tool 1

"The system performed very slowly,
| don’t understand why the university is not able
to provide us with a more powerful server!”
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users’ interaction and present the knowledge extractesl Kfgure 5.14) in (almost) real time caused CoLPE to per-
form very poorly. Third, during the rush hours, the growingmber of users who concurrently requested CoLPE’s
knowledge-related data-intensive functionalities gatest noticeable performance repercussions on the unuighgrd-

ware supporting the system. Finally, the server was dowe émrca few hours during the rush time due to maintenance

of the internal network.
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Figure 5.14: Partial feedback presented to all particgant

As a consequence of this centralized approach, importanfuractional requirements could not be completely sat-
isfied in terms of fault-tolerance, scalability, interogleitity and performance. The negative impact on the disonss
process caused by the lack of fault-tolerance, user stigffadoid interoperability is addressed in subsection 4vehile
the performance repercussions caused by the large amoootgfiex information about group activity to be processed
is addresses in the next subsection 4.3. The latter is obri@n essential and extensive issue to be addressed so as |
improve the overall system’s performance.

Indeed, the information stored in very large log files anddases is often found with a certain degree of redundancy,
tedious and ill-formatted as well as incomplete as at sorsescaertain user actions do not generate any log entry (e.g
user may leave CoLPE by either closing or readdressing thedar) and have to be inferred. As a consequence, treating
this information is very costly in terms of time and spacedieg a great processing effort.

In order to meet this requirement and based on the concegppabach investigated in Chapter 4 (see section 4.3) a

Grid-based parallel approach is proposed next to spetyfisaicess log files efficiently with the aim of providing redent
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and selected knowledge about group activity to be preseatpdrticipants for awareness, feedback, monitoring and so
on. This issue represents one of the cornerstones of trgstard for this reason it is addressed extensively in the nex
section. See section 4.3 in Chapter 4 for an extensive cugmi the architectural and paradigmatic issues involvezktN

section takes a technological view to completely realizecibnceptual approach.

5.5 Using Grid infrastructure to parallelize the processing of log fies

Based on the investigations and advances carried out iilmsek8 in Chapter 4, this section presents the implemeantati
of the architecture built to parallelize the processingogf files by means of Grid technology. First, some prelimiggri
are considered and then different Grid implementationappdied to validate the approach. Finally, a discussiorhen t

main experimental results achieved terminates this sectio

5.5.1 Preliminaries

The experiences reported above using the DF and CoLPE toomlnsthe need for powerful infrastructure to support an
efficient interaction data analysis and management anddedkie discussion process and its participants with rateva
knowledge about the collaboration. However, due to theaapbry nature of these experiences and the relative small
number of participants, the amount of interaction dataectdld in log files was not large. Even though it was reported
the system'’s poor performance caused, among other redsotig data-intensive functionalities of this tools, theaim
size of log files (e.g., the largest daily log file generated wa1MB in size) did not justified the use of a powerful
infrastructure, such as Grid. Indeed, for too small sizeogffiles, the overhead introduced by the Grid's transmission
protocol when sending the file parts to be processed in paralhoticeable and the implemented list scheduling siyate
may be spending too much time waiting for completion (seemaptete report on this issue in Paniagua, Xhafa, Caball

and Daradoumis (2005)).

Hence, in order to validate the Grid-based approach prapbses, much larger log files are to be used instead. In
particular, the UOC’s and BSCW's log files collect the infotima from thousands of users who constantly interact with
the system resulting in large amounts and variety of evaritg@ng the size of log files (e.g., a typical UOC's daily log

file may be up to 1.8 GB in size (Cabalet al., 2007a).

On the other hand, the parallelization strategy presemtesgédtion 4.3 of Chapter 4 and realized here using a Grid
approach is generic and can be applied to parallelize thetating of collaborative application’s events log datar{lagua

et al., 2005).

For these reasons, in this study, log files of the UOC and BS@Wevwsed to validate the gain in performance while

parallelizing the processing of log files from the DF and CBLiBols by using Grid infrastructure.
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5.5.2 Grid infrastructure

This section shows how the MW paradigm is appropriate focgssing log files of group activity in a Grid environment
(see section 4.3 in Chapter 4 and Cabalt al., 2008a for a complete overview). Since differentreleg of granularity
available are possible, and, moreover, there is no need/fmhsonization between the worker processors as tasks are
completely independent from one another.

To this end, a minimal Grid implementation prototype wasttri using both the standard Globus Toolkit (&)
middleware and an ad hoc middleware called Juxta-&#dnd have deployed it on the Planettaplatform. The latter
is first described next.

PlanetLab is an open platform for developing, deploying andessing planetary-scale services. At the time of
this writing, PlanetLab is composed up of 852 nodes hostet2hdifferent sites. Each Planetlab node runs the same
base software, basically a modified Linux operating systéfering services to create virtual isolated partitionstie t
node, which look to users as the real machine. The next stitsestroduces two different realizations based on this

architecture in the form of Grid middleware to efficientlyraldelize the processing of logs files.

5.5.2.1 Using standard Grid middleware

The Globus Toolkit (GT) (Sotomayor and Childers, 2006; Bgua et al., 2005) is the actual de facto Grid middleware
standard. Newest version is GT4. Version 3 of GT (GT3) is aatefring of version 2 in which every functionality is
exposed to the world via a Grid service (i.e. basically,eftatweb services). The core of the GT is a Grid service
container implemented in Java that leverages and exteadspiche’s AXIS web services container.

In order to test this Grid prototype log files of the BSCW syst@ere used due to their relatively small size and
relatively low occurrence of complex events but with highiakility of file size, which fits well in this case. To this
end, Planetlab is turned into a Grid fabric by installing 8&3's Grid service container. Moreover, the worker was
implemented as a simple Grid service that was deployed o8 18s container. Then, a simple Java client was developed
that plays the role of the master by dispatching tasks justtiing the operations exposed by the worker Grid services,

as follows:

e Theworker Grid service publishes an interface with only one operatiat the master calls in order to dispatch
a task to the worker. This operation, which is implementedvbgpping the Java code of the mentiorieeentEx-
tractor routine (see subsection 4.3 in Chapter 4 and Appendix Byg3aas an input a textual representation of the
events to be processed by that task and returns a data strgotutaining performance information about the task

executed (i.e. elapsed time, number of events processeuuaniger of bytes processed).

e Themasters just a simple Java application that reads from a configurdite (1) the folder that contains the event

13Globus: http://www.globus.org (web page as of April 2008).
14Juxta-CAT: https://juxtacat.dev.java.net/ (web pagefaispoil 2008).
15pJanetLab: http://www.planet-lab.org (web page as of A20D8).
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log files to process, (2) the available workers, (3) the nunalbevorkers to use, and (4) the size of the task to be
dispatched to each worker expressed in number of eventsmakeer then proceeds as follows: it picks as much
workers as needed from the configuration file and puts thein allqueue of idle workers. Then it enters a loop
reading the events from the event log files and, each timesitéed a number of events, it either waits for a worker
if the queue is empty or calls the worker’s operation. Oneeddll to the worker returns, the worker is put back
into the queue of idle workers. The master exits the loop wdieevents in the event log files have been read and

all the tasks that were dispatched have finalized.

As stated, this is not a real GT3 Grid implementation of the M#/adigm but a proof-of-concept prototype, thus
important features in a real environment such as faultdolee and dynamic discovery of available workers, are missi
The experimental results of processing log files using GTdirislare are shown later on in the subsection of experi-

mental results.

5.5.2.2 Using ad hoc JXTA-based Grid middleware

This subsection introduces briefly the main aspects of thé @atform, called Juxta-CAT (Esteve and Xhafa, 2006),
which was used for the processing of log files. The Juxta-Claffqrm has been developed using the JXJArotocols
(Xhafa et al., 2007) and offers a shared Grid where clientgpesn submit their tasks in the form of java programs stored
on signed jar files and are remotely solved on the nodes ofl#tpn. Juxta-CAT Project and its official web site have
been hosted in Java.NET communityIn order to test this Grid prototype the very large andtillsstured log files of
the UOC virtual campus were used due to the great flexibilibyided by the JXTA protocols, which allowed to split the
large log files into many short samples consisting of reprsie daily periods with different activity degrees.

The architecture of Juxta-CAT platform (Esteve and Xha€®&) is made up of two types of peers: common client

peers and broker peers.

e Client peersreate and submit their requests using a GUI-based applio@ee Figure 5.15) and are the end users
of the Juxta-CAT, which are obtained by downloading andaillisg the application from the official page of Juxta-
CAT. Once the machine is converted into a client peer, the wikeconnect to the peer-to-peer network and can
submit execution requests to their peer group nodes. Alisntpeers will be able to process received requests sent

to them by other nodes through the brokering and notify tHesrésult of the requests, once they are completed.

e Broker peersre the administrators of the Grid, which are in charge otieffitly assigning client requests to the
Grid nodes and notify the results to the owner’s requests.nérex a broker receives a request, it explores the state
of the rest of nodes currently connected to the network, @iamtheir working and connection statistics. Then,
it uses this historical/statistical data to select, acicgydo a price-based economic model, the best candidate pee

for processing that request. To assure an efficient use ofiress, brokers use an allocation algorithm, which can

16JXTA is found at: http://www.jxta.org/ (web page as of Af008).
170fficial Juxta-CAT’s web site in Java.NET is found at: httfiaxtacat.dev.java.net/ (web page as of April 2008).
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be viewed as a price-based economic model, to determineetftechndidate node to process each new received

request.
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Figure 5.15: GUI view of submitting the processing of a log fid the Juxta-CAT.

The implementation and design of peers, groups, job an@pcediscovery, pipe-based messaging, etc. are develope
using the latest updated JXTA libraries (currently reldase3.7) and JDK 1.5 version.

The discussion turns now to how the processing of log file®igedn the Juxta-CAT platform. The implementation
follows the well-known Master-Worker paradigm. Pleaseerfost that the sequential java class of W®CLogsProcess-
ing routine to process UOC's log files described in subsectiBrimMiChapter 4 (see also Appendix B) also encapsulates
functionalities to provide the division of the log file ints anany equal parts as Grid nodes will be used for processing
them; these parts will be later on submitted for processnpé¢ Juxta-CAT. The main steps that would follow the user
(the master node) to process a log file in the Juxta-CAT arb@srsin Figure 5.16:

The UOCLogsProcessingputine is compiled in a unique java jar packages, whichuides the library developed by
Jakarta Apache needed for the FTP transfer. The code wamipgti using Java ProGuard %o that the final jar file

size is 28.7 KB. Figures 5.15 and 5.17) show the submissi@refuest to Juxta-CAT and the state information once

18proGuard SourceForge project is found at: http:/sourgefaet/projects/proguard/ (Web page as of April 2008)
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1. [Preparation phase]: Provide the necessary mformation (to the Master) for
the preparation of the petitions to submit to the Juxta-CAT:

a. Indicate the path to the log file and its name and the number of nodes
participating in the processing. Log processor routines count the total
number of lines of the log file, totalNbLines, and knowing the
number of Grid nodes to be used, nbNodes, each node will read and
process atotalNbLines/nbNodes of lines from the file.

b. Indicate an FTP server, a usger name and a password as well as a
public address where the parts of the file will be uploaded. The
unplementation of FTP for Java, known as PureFTP, 1¢ included in
the Jakarta Apache commons-net-1.4. 1 jar library.

2. [Master Loop]: Repeat

a.  Read totalNbLines/nbNodes lines

b. Upload the file to the indicated public address via FTP

c. Create apetition and submut it to Juxta-CAT

Until the original log file has been completely scanned.
3. [Juxta-cat processing]:

a. Each time a petition is received by brokers of Juxta-CAT, it is
agsigned to a peer node of the platform.

b.  The peer node, upon recerving the petition, reads according to the
petition’s description, the part ofthe file it has to read via HT'TP. The
peer s OO Log Processing functionality for processing the lines
of the file, one at a time, and stores the results of the processing in a
bufter.

¢. The peer node, once the processing ot the petition i1s done, sends back
to the master node the content of the butter.

4. [Master’'s final phase]: Receive messages from peers and append the new
received resulting file to the final file contamming the information extracted
from the original log tile.

Figure 5.16: Algorithm to process a log file in Juxta-CAT.
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it is processed. Note that the user has to just provide therimdtion needed in Step 1 (see Figure 5.16); the rest is

automatically done by Juxta-CAT. The experimental resugtag Juxta-CAT are shown later on in the next subsection.
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Figure 5.17: State information of a request once it is preegs

5.5.3 Experimental results

In order to carry out a comparative study between the se@liant Grid approaches, a specific test battery was designec
in which both large amounts of event information and weiitied short samples were used. This subsection present:
the experimental results achieved of the Grid prototypesewlext section analyzes certain important aspects okthes

results to be considered.

5.5.3.1 Results from parallelizing the processing of BCSWbY files

In order to test the GT-based prototype and compare thetsasulhe sequential approach, theentExtractoroutine
(see above in the subsection related to the sequential agpréor processing log files from the BSCW system on this
Grid platform in the Planetlab nodes. To this end, as meatqureviously, it was used existing daily log files making
up the whole group activity generated during a whole acadéenin in the course "Software Development Techniques”
at the UOC. Other tests involved a few log files with selecteddize and event complexity forming a sample of each
representative stratum.

The linearity found in processing time in the sequentialrapph (see Figure 4.2) simplified greatly the experiment

by using the same event log file as input for all the Grid tasthé experiment. Then, the parameters regarding both the
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Figure 5.18: Maximum speed-up vs. number of workers.

number of workers and the size of the tasks (expressed in eoflevents) were left to vary. These parameters were then
to be executed by the workers. Tests were run for a differemtber of workers with different task sizes.

Parallel speed-up is used to measure the performance gainafiparallelized execution over its serial execution and
defined as
S(s,p) = Ts (s) / Tp(s,p),
wheres is the size of the log fileTs(s)is the total running time of the sequential execution for @ fite of sizes and

Tp(s,p)is the total running time of the parallel execution for a ldg &f sizes, usingp processors.
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Figure 5.19: Relative speed-up vs. number of workers fosla s&ze of 5 events.

Figure 5.18 shows the maximum speed-ups achieved for thenaasbandwidth between the master processor and
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Table 5.14: PlanetLab nodes used to run the experiment.)

Host Description
planetl.manchester.ac.uk University of Manchester
Isirextpc01.epfl.ch Ecole Fecerale de Lausanne
planetlabl.polito.it Politecnico di Torino
planetlabl.info.ucl.ac.be University of Louivain
planetlab2.upc.es Universitat Pelinhica de Catalunya
planetlabl.sics.se Swedish Institute of Computer Sci.
planetlabl.ifi.uio.no University of Oslo
planetlab3.upc.es Universitat Pelihica de Catalunya
planetlabl.ls.fi.upm.es Universidad Petihica de Madrid
planetlabl.hiit.fi Technology Institute of Helsinki
planetlab-1.cs.ucy.ac.cy University of Cyprus
planetlabl.ru.is University of Reykjavik
planetlab2.sics.se Swedish Institute of Computer Sci.
planetlabl.mini.pw.edu.pl Telekomunikacja Polska Warsa
planetlabl.cs.uit.no University of Tromso
planetlab-02.ipv6.lip6.fr Laboratoire d’Informatique &aris

the Planetlab nodes at the time of running the experimentarttie different number of workers tested.

As mentioned before, the worker returns the elapsed times eiecution, whereas the master executes all the event:
found up to the input event log files have been completelyguhesd all dispatched tasks have been completed. The
observed speed-up was computed for the test by dividindhél$uim of all the elapsed times returned by each invocation
of the worker into (2) the elapsed time the master run mudtipby a normalization factor to compensate the different
speed between the machine running the master and the Rlanetles running the workers.

Therefore, the main experimental results from the parpiietessing of log files are given in terms of how much close
each set of workers is to achieve its theoretic maximum speegdee Figure 5.18) for different task size processed and,
thus, providing the best processing time possible whilalpizing the data processing. To this end, Figure 5.19sho

the graphical representation of an extract of these reisutedative terms for a sample of a specific 5-event size task.

5.5.3.2 Results from parallelizing the processing of UOC tpfiles

This subsection presents the experimental results olotaifter running the JXTA-based Grid platform Juxta-CAT ia th
Planetlab nodes on a test battery made up of the log files fnertv©C virtual campus showing the speedup achieved.
This test battery uses both large amounts of log informati@n daily log files) and well-stratified short samples
consisting of representative daily periods with differantivity degrees (e.g. from 7 p.m. to 1 a.m. as the most active
lecturing period and from 1 a.m. to 7 a.m. as the period welstactivity in the campus). In addition, other tests inedlv
a few log files with selected file size forming a sample of eagresentative stratum. This managed to provide reliable
statistical results using an input data size easy to use.
The battery test was processed by th@CLogsProcessingpplication described peviously and executed several
times first on single-processor machines involving usuafigarations and with different workload in order to have mor

reliable results in statistical terms involving file sizepmber of log entries processed and execution time alongotlitér
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Table 5.15: Parallel speed-up and efficiency.
Log file size Speed-up Efficiency

12 MB 6.1 38.2%
24 MB 7.4 46,2 %
36 MB 9.1 56.8 %

basic statistics. Then, the same battery test was processeoarallel fashion by Juxta-CAT using different number of
nodes, specifically, 2, 4, 8, and 16 nodes, using the follgwimdes of the PlanetLab nodes (see Table 5.14).

Parallel efficiency measures the degree of utilization efdbmputing resources involved in the parallel computation
and is defined as the parallel speed up divided by the numhmmaeputing resources (i.e. processors):
E(s,p) = S(s) / p.

From the execution times presented in Figure 5.20 and tieullais previously introduced, Table 5.15 shows the gain

in terms of parallel speed-up and efficiency achieved.

5.5.4 Analysis of the results

Analyzing the experimental results obtained from the Griotqypes, it was found that, on the one hand, from certain
values of the task size, the speed-up observed was verytddie theoretic maximum achievable. Therefore, only for
a very small value of the task size the impact on the speednjbe great due to the cost of the transmission overhead
However, it was also observed that the more workers were ingbeé tests the closer to the theoretic maximum was the
speed-up achieved by the small tasks, and this increaseklyjup to the point that, given a sufficient number of workers
even the smallest tasks (i.e. one-event task size) achtaresiderable speed-up.

On the other hand, the homogeneous behavior observed irtRlamodes justified the decision of testing with the
same task size for all workers. However, in a real Grid emvitent, task sizes should be adjusted per worker node cas
to fit the dynamically changing workloads the nodes may beexgenting and to account for different machine speeds.

It was noted, however, that although the results of this exmnt are promising, a deeper and more precise anal-
ysis on both the primary interaction occurring betweenigi@dnts in the virtual classrooms and the real collabeeati
learning activity based on complex parameters of the cottion, such as the above-mentioned task performancagpgro
functioning and scaffolding, it is expected to generate ahlmarger amount and more complex events than those used fo
the experiments . This scenario will take much more advantdighe benefits provided by a Grid environment and will
provide a more useful knowledge about the actual performaccurring in the on-line learning activity and will help

monitor and support learning participants more convetjent

5.5.5 Final discussion

After this study, it is important to keep in mind what the meation of this whole study is. To this end, this last section

summarizes the main results achieved and points out vezfhbhiow to apply them in a learning context.
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So far, it has been argued how the provision of continuousviedge to on-line teams in CSCL environments can
greatly improve the group activity in terms of decision-rimgk group organization, social engagement, support, moni
toring and so on. As a result, large amounts of log infornmagenerated from the collaborative interaction need to be
efficiently processed and analyzed. Moreover, in order tkenthe knowledge extracted from the analysis be useful for
awareness and feedback purposes (see Figure 5.21), ugeld lsé provided with both single information deliveredtfas
in (almost) real-time and complex, exhaustive, yet stnattuleferred information thus stressing even more the psing
requirements beyond those of a single computer.

Furthermore, Web-based applications that support ondis&nce learning may be also greatly benefited from the
extraction of selected knowledge from the log files for usedeling purposes (Caballet al., 2007c). Indeed, these
applications, due to the high degree of user interactidte taeat advantage of the tracking-based techniques of use
modeling such as providing broader and better support ®ousiers of Web-based educational systems (Gaudioso, 2003
The data analysis of the information captured from the astjwerformed by learners is a core function for the modeling
of the learner’s behavior during the learning process artiefearning process itself as well. In addition, the buitdi
of learner models may help identify navigation patterne Sigure 5.22) and adapt the system’s usability to the actual

learners’ needs resulting in a great stimulation of therliegy experience (Cabéllet al., 2007d).
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Figure 5.22: Analysis results of a 24-hour UOC campus’ logtaiming about 40,000 user sessions. The results show &
variety of navigation information and patterns for user lody purposes.

The several Grid approaches reported in this section reptes important step toward overcoming demanding re-

quirements by improving the processing time of a large arhofilog files storing complex event information from the
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group activity. The results obtained and the experiencesetl in these studies lead to conclude that the questiothehe
the Grid is beneficial or not will heavily depend on the voluamel structure of information being processed. Therefore,
these results encourage to keep up working on the develdpohenreal working Grid implementation to address the
problem of processing group activity event log files. Theagland experiences gathered so far will provide an essentia

background and resources to face forthcoming challenggssithesis.

5.6 Effective and timely development of CSCL systems

This section reports on the experience achieved in usingtiiaborative Learning Purpose Library (CLPL) systemat-
ically for the construction of CSCL applications. To thisdeseveral undergraduate students participated in dewelop
small applications by extensively reusing the CLPL in alggs of the development. Results show an increase in produc
tion and quality of the applications while guiding the whetdtware engineering process.

First subsection offers an overview of the CLPL from the digwment technology and reuse standpoints (see Chapte!
3 for a complete description). Next subsection reports xipeence at the Open University of Catalonia (UOC) of using

the CLPL in the development of final projects in Computer Bogedegree.

5.6.1 Advanced software engineering using the CLPL

The merge of software engineering paradigms and technapssibed in Chapter 3 (i.e., Service-Oriented Architectu
(SOA), Model-Driven Development (MDD), Generic Programmi{GP) and Product Line Architectures (PLA), yielded
the development of the CLPL, which provides developers thighatest engineering software techniques for the effecti
and timely development of CSCL applications (Calal008d).

The CLPL is based on the GP and Service-Oriented Archite¢&®A) and Generic Programming (GP) paradigms so
as to enable a complete and effective reutilization of itsegie components as a skeleton for the construction of aky co
laborative learning application by means of implementhmg¢onceptualization of the fundamental needs existingyn a
collaborative learning experience (Cakadit al., 2007e). The CLPL also provides full support to thation, reusabil-
ity, flexibility and interoperability as key aspects to aesl the current non-functional needs in software developine
general, and specifically in the CSCL domain (Cala2007d).

There a great deal of similarities between the pervasivechatlenging collaborative learning needs and the benefits
provided by SOA (Caball et al., 2008d). As a result of this matching, SOA appearstthb best choice to support
the development of the CLPL. Indeed, SOA enhances eduedtarganizations by increasing the flexibility of their
pedagogical strategies, which can be continuously adaptfdsted, and personalized to each specific target lgarnin
group. Moreover, SOA facilitates the reutilization of sessful collaborative learning experiences and makes giples
for the collaborative learning participants to easily adayl integrate their current best practices and existingkmewn

learning tools into new learning goals. Over the last yd28CL has become a complex and extensive domain. Therefore
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the application of the GP principles appear to be a good effoicthe development of the CLPL by, first, identifying those
parts which are common to most applications of the CSCL donidien, proceed to isolate the fundamental parts in the
form of abstractions from which the basic requirements &tained. Finally, encourage the greatest possible relitgabi
of the resulting generic components for the constructiomsaihany CSCL applications as possible.

In order to turn the CLPL into an effective software platfoiits development was based on the Model-Driven De-
velopment(MDD) approach. This paradigm fits very well in dnation with the GP and SOA principles due to the
clear separation of a generic, reusable technology-imdige model from a different, flexible technology-dependen
implementation models. Moreover, Web-services are thdementation technology chosen for the CLPL given the
widely adopted protocols and standards, which represhatsdry rationale of the this technology. These entire stan-
dards represent a suitable context to guarantee intefaipgrand scalability by taking great advantage of therilistted
technologies.

Finally, in order to automate as much as possible the tianditom the Platform Independent Model (PIM) to the
appropriate Platform Specific Model (PSM) (see Chapter 2fooverview on PIM and PSM), the latest research results
in this thesis are leading to deal with XMl files (see OMG, 2@@4details), which are XML-tagged files as the result of
coding UML diagrams. In combination with XSL style sheetss possible to turn the PIM’s XMl files into WSDL files,
which represent the input for a Web-service working envinent to transform them into a specific-language architectur
design (PSM). Lack of comply with standard of the existing Ubase tools is the major problem to face in the future
as well as how to provide a more complete and detailed re¢ilizaf the desired PSM. These open questions are to be

investigated as further work in the context of this thesis.

5.6.2 Experience and results in developing applications stgsnatically with the CLPL

Final project (i.e. thesis) courses offered by the UOC dispgpecific areas related to engineering software and in par.
ticular the development of software applications for dodleative learning. The interested area is called Web-basec
Applications for Collaborative Work and it is intended tmpide the needed resources and framework in support the
students who develop collaborative tools for e-learninige Tain support is two-fold, the lecturer’s guidance duthmy
whole development and the organization of the course’slaumra few deliverables that students are required to stbmi
in deadline fashion. These deliverables are planned todidifierent phases of the traditional software development
process (i.e., specification, design, and implementaprg both an initial stage to plan and organize the wholeggtoj
and a thesis’ defense at the end of the course. It is worthioméng here that final project courses present a high dropout
in comparison to other courséswhich influenced this experience a great deal.

Three undergraduate students of the UOC have chosen so davédop their thesis in this area using the CLPL.
Despite all of them dropped out because of personal reatfoggscould perform part of work. Representative efforts

were two applications, namely a collaborative agenda atahdar intended to ease the personal and group planning a:

19Because of the particular profile of the UOC (students areia®®years old on average and 95% with a job), the dropowt istibout 50%.
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well as a document repository to help organize the docurbasgéd outcomes generated by the group activity.

Each of these students was recommended to use and reuseRhea€lmuch as possible from the very first step of
the development. As a result, the identification of the nejuents and their analysis by reusing the UML diagrams of
the CLPL were highly satisfactory and of good quality. Studeeported saving time and effort by avoiding to start from
scratch but having 75% on average of the development alriedfilied instead. Most importantly, they reported to feel
highly confident in developing the applications since thd>Clprovided them with strong guidance and support in terms
of going through the different stages of the software dewalent and the UML modeling at any stage. The deliverables
submittec?® were of the high quality, submitted in time and assessedrdiruyly.

Despite promising, these results are not conclusive dueet@xploratory nature of the approach. More experiences
are expected to come and validate the CLPL aglthéactoplatform to support students in this final project area fer th

timely and effective development of CSCL tools of high qyalCabalk et al., 2008d).

20An example of a deliverable is found at: http:/clpl.uoc felhes/AgendaSpecifications.pdf (Web page as of April 20D8ase note the student’s
personal data have been removed not to disclose the anonymate.
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Chapter 6

Conclusions and future work

This thesis describes a multi-dimensional approach foaeaing knowledge management and scaffolding in a collabo-
rative learning environment that contributes to the impraent of the collaborative learning process.

To this end, first, a conceptual model is described that captand classifies the main types of information generated
in group activity by means of potential indicators of effegtcollaboration while taking a global group well-being@ition
into account. Then, a process for interaction data manageguédes in how this information can be transformed into
useful knowledge to be presented to the interested parfibs entire conceptual framework is finally translated into
a computational model of collaborative learning intem@etiesulting in the main contribution of this thesis in forinao
generic platform called Collaborative Learning Purpodsdiiy (CLPL) that provides the skeleton and necessary reesu
for the systematic, robust and effective construction o€C&pplications from all development stages. In particugr
means of specific knowledge management support this ptatfan be used to embed relevant and selected information
into CSCL applications in an efficient manner. The CLPL isigiesd and realized in a way to take great advantage of
distributed computing, and in particular Grid infrastiuret.

The CLPL library has been validated by means of the sucdessfigtruction of several CSCL applications in support
for the discussion process occurring in the virtual class® of the Open University of Catalonia. The timely and
effective construction of these and other CSCL applicatimad to prove the feasibility of this platform in terms of
advanced software engineering techniques. Distributieastructure has been then added to validate the suitabflthe
CLPL in distributed environments and satisfactorily meamdnding non-functional requirements appearing in modern
virtual campuses, and in particular in the experiencesmuhe context of this thesis. One essential requirementor t
success of the online collaborative learning activity is #fficient embedding of large amounts of complex infornratio
and knowledge about the ongoing group activity into coltative learning environments. In this thesis, an extensive
conceptual and empirical Grid-aware approach have beemrsfay processing log files of group activity in an efficient
yet simple manner.

The merge of these synergies represents an attractive hatlgoorious challenge that in the context of this thesis



162

have yielded CSCL systems capable of enhancing knowledgageanent that contributes to the improvement of the dis-
cussion process in virtual collaborative learning envinents. To this end, several experiences of innovative kexbgd-
based structured discussion forums have been reporte@it®#se results of these experiences are not conclusivéodue
its exploratory nature, from the analysis of the result@i heen proved to promise significant benefits for studerttein
context of learning by discussion in higher education, angdducation in general.

Therefore, the experimental results lead to conclude treentire multi-approach achieves the goals and hypothe-
sis formulated in this thesis and especially encourage ¢p keorking and exploring further this direction. Next, it is

described how the main problems have been addressed andeitntains have been proposed.

6.1 Main thesis’ achievements

The main objective in this thesis is the exploration of thpamance of an efficient management of information gendrate
from group activity in CSCL practices for its further use iiracting and providing knowledge on interaction behavior
To this end, the first step was to investigate a conceptuakihfod data analysis and management so as to identify the
many kinds of indicators that describe collaboration amdrizng and classify them into high-level potential catégmof
effective collaboration. Indeed, it was found more evidey discourse elements and aspects than those shown by th
literature (see Chapter 1), which played an important rok# fior promoting student participation and enhancing grou
and individual performance, such as, the impact and efieatiss of students’ contributions, among others, that were
plored in this work (see Chapter 2). By making these elemetghcit, the discussion model proposed accomplished high
students’ participation rates and contribution qualitgimore natural and effective way (see Chapter 5). This approa
went beyond a mere interaction analysis of asynchronoessi#on in the sense that it built a multi-functional modeltt
fostered knowledge sharing and construction, developéwagssense of community among students, provided the tutor
with a powerful tool for students’ monitoring, discussi@gulation, while it allowed peer facilitation through seieer

and group awareness and assessment.

The results of the research described so far motivated tWeajfement of a computational system as the translation
from the conceptual model into a computer system the imphsntae management of the information and knowledge
acquired from the group activity, so as to be efficiently featlbto the collaboration. The achievement of a generic,
robust, flexible, interoperable, reusable computatioradi@hthat meets the fundamental functional needs sharedyby a
collaborative learning experience was largely invesédan this thesis (see Chapter 3). The systematic reusesadini-
putational model permitted a fast adaptation to new legraimd teaching requirements, such as learning by discyssion
by relying on the most advanced software engineering psesesnd methodologies from the field of software reuse, and
thus important benefits were obtained in terms of produgtiguality, and cost.

Therefore, another important objective in this thesis welsieved by means of exploring and extending suitable

software reuse techniques, such as Generic Programmiiag,tecallow the computational model to be successfully par-
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ticularized in as many as situations as possible withoungpsfficiency in the process. In particular, based on domain
analysis techniques, a high-level computational desoripand formalization of the CSCL domain were identified and
modeled. Then, different specific-platform developmehéd tealized the conceptual description were provided.al w
also explored a certain level of automation by means of geioer-based techniques based on Service-Oriented Acehite
tures and Web-services while passing from the conceptealfggation to the desired realization, which greatly fisgaied

the development of CSCL applications using this computationodel.

Based on the outcomes of this exploration and experimeesalts (see Chapter 3 and 5, and Appendix A), the com-
putational systems built (see Appendix B for a quick ovewi@ere capable of managing both qualitative and quantéati
information and transforming it into useful knowledge fdlrthe implicated parties in an efficient and clear way. This
was achieved by both the specific assessment of each cdiunittny the tutor who supervised the discussion and by rich
statistical information about student’s participatiorhis statistical data was automatically provided by theesystfor
instance, statistical data shed light on the students’ ggmgant in the discussion forum or how much interest drew the
student’s intervention in the form of participation impdet/el of passivity, proactivity, reactivity, and so on.€faim was
to provide both a deeper understanding of the actual dismupsocess and a more objective assessment of individdal an

group activity (see Chapter 5).

This information was then processed and analyzed by meaasuofltivariate statistical model in order to extract
useful knowledge about the collaboration. The knowledggused was communicated back to the members of the
learning group and their tutor in appropriate formats, fmewiding valuable awareness and feedback of group inierac
and performance as well as may help identify and assessahskills and intentions of participants. The most impottan
result from the conceptual model for interaction data asialgnd management was a great improvement and enhanceme

of the learning and teaching collaborative experiences epter 5 and Appendix A).

Finally, in order to achieve another important objective possibilities of using distributed and Grid technology t
support real CSCL environments were also extensively egglmn this thesis (see Chapter 4). The results of this irvest
gation led to conclude that the features provided by thedetdogies form an ideal context for supporting and meeting
demanding requirements of collaborative learning apptica. This approach was taken one step further for enhgncin
the possibilities of the computational model in the CSCL donmand it was successfully adopted on an empirical and
application basis (see Chapter 4). From the results adhigsee Chapter 5), the use of distributed technologies con-
siderably enhanced and improved the collaborative legraikperience. In particular, the use of Grid computing was
successfully applied for the specific purpose of increashiegefficiency of processing a large amount of informatiamfr

group activity log files (see Chapter 4 and 5).
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6.2 Further research

Future work will focus first on investigating how to incorpte information retrieval and document filtering technigjue
into the stage of information collection to automaticabgract knowledge from information with a high degree of info
mality. Secondly, how to make an in-depth analysis througfla chining techniques so as to provide tutors with ongoing
progress of students learning during the discussion &ctivh overall, it is planned to investigate how to integrate
portable, general and reusable CSCL ontology into the CLBtfggm as a declarative representation of the knowledge
embedded into CSCL applications with the aim to formally el@hd describe how these applications are built and hence
understand better how real learning groups work.

Next steps will be to investigate the state of the art andysthid feasibility of incorporating Natural Language Pro-
cessing (NLP) techniques (Tennant, 1982) as part of theeinée engine of the process of managing interaction data
about group activity (see subsection 2.3 in Chapter 2). Theisito semi-automate the analysis and findings of the
specific discussion participants’ intentions and skilltheut having to explicitly categorize their contributions

Finally, it is plan to explore the shift from traditional edrning to mobile learning (m-learning) (Grew et al., 2007)
which has come to play a major role in educational envirorteiby taking advantage of the extensively used mobile and
wearable technology (such as podcasting) to provide amgyl@ytime learning. Both theoretical frameworks and best
real practices adopting ubiquity and pervasiveness wilhbestigated in support for formal and informal commursitid

learning practice, such as the Open University of Catalonia
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APPENDIX A: Experimental results

This appendix presents the full results of six experiences carried the ®pen University of Catalonia (UOC) over the last 3 academic
terms (i.e., Spring 2007, Fall 2007 and Spring 2008). Section 5.2 apteh5 shows a detailed analysis result of one representative
experience.

Five lecturers and about 370 graduate and undergraduate studetparticipated directly in these experiences. Other 370
students were also involved indirectly. Experiences took place in 3 coofsitne Computer Science degree at the UOC, namely,
Methodology and Management of Computer Science Projects (MGRBDaljement of Organizations and Computer Science Projects
(GOPI), and Software Engineering (EP).

All experiences consisted in on-line discussion activities performedss elapart of courses’ curricula. The topic of the discussion
was to do with certain important issues related to the courses’ contenten8twdere required to participate depending on whether
the discussion assignment was a requirement to pass the coursevi€dtatudents could participate at convenience. In all cases they
were free to contribute to the discussion as much as they needed.

Statistical results are shown for each experience comparing the coingililynamics supported by both the UOC's threaded
standard tool and a prototype of a new discussion tool. Please note #miitgtive data on number of posts do not include lecturers’
contributions but students’ only. Finally, students were asked to fill in atiprenaire at the end of each assignment to assess the
collaboration tools supporting the discussions. Only in one experiencesfiperience #1) the assessment was a requirement, the res

of them it was optional.

Experience #1 - Spring term 2007

e Course: Methodology and Management of Computer Science ProjéGiBI1)

Assignment type and duration: Double class discussion activity ateliffgreriods of the course for 5 weeks in all

Participation type: Required

Discussion tools: UOC'’standard tooST) andDiscussion Forun{DF) version 0.6 (prototype)

Potential participants: 40 (ST) + 40 (DF) graduate students

Statistic results

See Table 6.1.
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Table 6.1: Main statistics extracted from the first exper@&nsing both discussion tools.

Statistics ST DF

Number of students 40 40
Number of threads 57 65
Total of posts 171 549

Mean number (posts/thread) @ M=3.0 SD=2.4 M=8.4 SD=5.0
Mean number (posts/student) M=4.2SD=1.9 M=13.7 SD=3.1

Questionnaire results

Participation (required): 38/40 (95%). Most relevant questionnaiesgonses (Original language):

Questionnaire #1

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
La meva valorad és 4. Igual li dono una puntud@cuna mica alta pérhe de ser just amb I'esfor¢ i amb la compadaamb
I'eina anterior del Campus. En aquest sentit la millesgorga bona. No obstant, ais’ha de millorar la usabilitat en properes

versions.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapeeiic (valora 0 -5 i fes els comentaris que creguis

convenients)

La meva valoradi és 4. En aquets cas la valor@éis totalment objectiva ja que la millora ha estat clara quant a les facilitats que

m’ha proporcionat per participar-hi.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostadiaiora 0 -5 i fes els comentaris que creguis

convenients)
La meva valorad és 2. En aquest cas la inéitcia ha estat baixa, no per I'eina que valoro bona perqwe la qualitat de la
meva participad, al meu entendre, no ha estat influenciada per aquesta.

4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzacod dels debats? Quines mancances, problemes i/o inconvenients cedeisegpecte als espais de l'aula?
Avantatges:

- Molta més facilitat per seguir els fils de discussi
- Possibilitat de crear diferents espais de dis@uasib nés claredat.
- Informacb addicional dels diferents debats i fils fonamental per ubicar-s’hi.

- Funcionalitats extres que ajuden i fomenten la participagstadstiques, valoracions, etc.

Inconvenient:

- Estar ubicada fora del Campus.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.
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- Ubicar-la dins el campus amb la mateix usuari i contraseﬁyai dir, no haver d’introduir-les de nou i amb un enlla¢ directe
des del Campus.

- Millorar la navegad pels fils.

Questionnaire #2
Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
5. A mi personalmente me ha ayudado mucho, ya que ria teny claros los conceptos.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapeeiic (valora 0 -5 i fes els comentaris que creguis
convenients)

4. La verdad que me he involucrado mucho en esta iniciativa ya quetbamisanal muy abierto con la gente.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwaiora 0 -5 i fes els comentaris que creguis
convenients)
5. Despues de leer los comentarios del foro, mis comentarios han aglenriquecedores con el tiempo.

4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?

Ventajas: Al ser obligatorio, supongo que es mucho mas activo y emegior. Inconvenientes: Ninguno.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Estaria bien que fuera un foro abierto y se hicieran debates de cuakir

Questionnaire #3
Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
TRES - Crec que es bona I'idea d’'obrir diferents fils de dis€usgue cadascun es diferencies de la resta. Eamtagrada
posar diferents categories a les contribucions, encara que cree gegatles no sabem exactament a quina categoria incloure

la nostra contribu@i. Potser son massyides.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapeeiic (valora 0 -5 i fes els comentaris que creguis
convenients)
DOS - El problema de que hagi tants fils diferents i amb tantes contritgifaaue de vegades es repeteixen opinioirseies
de debat i fa una mica@s dificil obrir un debat nou o contribuir als ja existents. £smo he trobat com veure nésles meves

aportacions o saber a quin fils s’han fet.
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3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwaiora 0 -5 i fes els comentaris que creguis

convenients)

TRES - Es pot llegir en una mateixa pantalla totes les contribucion®ifaixjue puguis seguir larlea de pensament dels
companys i fer I'aporta6i propia. Per altra part el fet de no tenir cap classifiggmevia no t'aporta ninguna informaztique
t'ajudi a triar en quin fil vols contribuir. &que el nés adequat seria llegir el inici de tots el fils, peguan hi ha tants fils si, a

meés, les contribucions posteriors son extenses @sldiéguir tots els fils.

. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que plioparta nova eina per a la

realitzacd dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de l'aula?

El principal avantatge per mi €st la presentagidels fils. Com ja he dit abans tens una&isiolt més general que al espai
de l'aula. Siinteréssim posar tots els missatges de I'espai a I'aula seria molt poc manéjahkes cadascun de nosaltres pot
obrir el seu propi fil i tancar-lo quan ho consideri ogorAl forum no es pot fer. El principal inconvenient, per mi es que tens
poca informad anterior a I'obertura de les diferents contribucions. Tens la categnéitzg0 no hi ha un encapcalament que

t'avanci el contingut i t'ajudi a triar d’'una forma&s @pida. El tema i les carpetes déldim faria aquesta feina.

. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Més que a I'eina potser jo modificaria la manera de fer el debat. Persamtainec que seria interessant que lesguna mena de
moderador que tis unes quanteBkees de debat i partir d’aquestes per fer les nostres aportaciosstdtias podria considerar

fer una aportad a cada tema per garantir una millor particigacipermetre als estudiants obrir els seus propis teme Aix
requeriria que I'eina permeti la figura del moderador. Per altra bseritminteressant poder veure on has fet les teves aportacion:

d’un cop d'ull per poder continuar participant en una determinamcsal

Questionnaire #4

Preguntes sobre la nova eina &rum de Discussd

1. Com valores en general la nova einadin de Discuss$i per a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

Valoracb 3. Crec que encara li falta uns quants jocs de prov&s m

. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevageeiic (valora 0 -5 i fes els comentaris que creguis

convenients)

Valorach 4. La veritat quees nés facil el seguiment amb aquesta eina abans que émehfen I'espai de I'estudiant.

. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora 0 -5 i fes els comentaris que creguis

convenients)

Valoracb 2. Crec que no influeix en la qualitat de les aportacions.

. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que plioparta nova eina per a la

realitzacd dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de l'aula?
Comparant amb I'espai debfum de l'aula, aquesta eirés molt millor. El debat en ebfum de I'aulaés molt difcil de fer
un bon seguiment. Per mi, crec que s’hauria d’eliminaogliin de I'aula i fer servir una eina com aquesta, un cop sigts m

robusta.
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5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Aquestes serien les millores o Poder triar el nombre de fils @ging; o Donar per llegit un fil un cop entris (com a la UOC);
o Filtrat de fils: ordenar per data, llegits, no llegits...; o Poder tornarenm cop hagis llegit un fil; o Menys opcions a I'hora
d’introduir una resposta; o Ordre invers d’aportacions. Comepegata primera i tenir les respostes cap avall, comararh

qualsevol;

En resum, crec que s’hauria de triar aquesta eina per fer els debats.

Questionnaire #5
Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
Como nota le pon@run 4. Al principio ha costado un poco el saber como realizar las aorés y como catalogarlas, al igual
que acabar de entender lo de dejar debate abierto o cerrado. Ealgeedra parecido una herramienta ordenada y clara para
el seguimiento del debate. Tal vez, si no hubiera empezado el dgbatando cada usuario su sohutinicial hubiera sido
todava un poco ras ®@modo de seguir.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapciic
(valora 0 -5 i fes els comentaris que creguis convenients)
La nueva herramienta facilita el seguimiento del debate mostrandorde faxs ordenada las aportaciones pendientes del resto
de los compaeros. Le pongo un 4.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwaiora O -5 i fes els comentaris que creguis
convenients)

Desde mi punto de vista, la herramienta que se utiliza no me ha influido elidiadcde las aportaciones ya géstas dependen
del material que se @stebatiendo y de la calidad de las aportaciones del resto de los fteropa Esois facilita en gran

medida el seguimiento del debate y la localizacdile las aportaciones pendientes de leer.

4. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzacd dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de l'aula?
Como he contestado anteriormente, la nueva herramienta ayudaiaiieedgo del debate, tanto en la localizacide las distintas
lineas de debate como en la localizacile aportaciones pendientes de leer.

5. Quines millores introduiries a I'eina per millorar el suport qbealals debats i als participants.

Tal vez una de las aportaciones queiaarla herramienta serla de incorporar de alguna maneral@gipo de aviso en el caso
de que alguien conteste alguna de las aportaciones que haya realinadsoo, ya sea mediante avisos nadesmantrar en la

aplicacbn como la de mandar alg mail avisando de dichas repuestas.

Questionnaire #6

Preguntes sobre la nova eina Forum de Discussi
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1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
5. Una gran idea.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevageeiic (valora 0 -5 i fes els comentaris que creguis
convenients)
3. M’he sentit nés motivat a participar.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostadiaiora 0 -5 i fes els comentaris que creguis
convenients)
2. Un &l massa de dispetsiMassa fils.

4. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?
Es nés fcil seguir en quins fils has participat i en quins no. Apermet eliminar fils en els quals no has cregut que puguis
aportar res de nou.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Una hisqueda per aportax{llargada, itol, tipus d’aportad,etc.). En certs moments eraidif saber quin era aquell fil en el

que havies introduit un comentari al qual volies veure les reacciensgsaber elimero.

Questionnaire #7
Preguntes sobre la nova eina Forum de Discussi
1. Com valores en general la nova eina Forum de Disoussi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
4- Tenint en compte que ésen fase de proves, crec gée una molt bona eina per a gestionar debats, tot i que hi ha hagu
problemes de connexi falta d’experéncia per part dels participants.
2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevageeiic (valora 0 -5 i fes els comentaris que creguis
convenients)
2- No crec que la nova eina hagi iritlen el meu grau de participaci
3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwaiora 0 -5 i fes els comentaris que creguis
convenients)
3 - Al contrari de la resposta anterior si que crec que la qualitat dedpsstes pot ser millor en aquest entorn degut a la major
facilitat de seguir els diegs i de poder diferenciar els temes els quals es tracta.
4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzacd dels debats? Quines mancances, problemes i/o inconvenients cedaisegpecte als espais de l'aula?

La nova eina fa que es pugi seguir millor el debat i poder tenir diféaeels diferents diegs que es poden portar a terme oPer
aixo tamke provoca que un mateix tema es pugi repetir en molts debats diferemtsanples aportacions siguin repetitives. En

el nou espai hi ha hagut els problemigsds d’'una eina en fase de proves, exceptuart aigc quees molt correcte.
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5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Crec que I'eingés molt adequada per a la realitZade debats.

Questionnaire #8
Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
Valoracb: 4 Comentaris: dcil, intlitiva, problemes de servei comprensibles. Vaig enviar un missatgeaniagy i va tirar
endavant en comptes d’anular la publi¢dci

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapeeiic (valora 0 -5 i fes els comentaris que creguis
convenients)
Valoracb: 4 Comentarisés facil navegar per tots els fils i participar-hi. Bona inforn@esobre les participacions individuals en
cada fil.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora 0 -5 i fes els comentaris que creguis
convenients)
Valoracb: 4 Comentaris: la creaxide fils permet acotar i agilitar un debat que d’altra manera seria rd&sgsas.

4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?
Millores i avantatges: permet crearciiment un nou fil (amb permisos per tancar-10). Inconvenientsbréade navegagiés
més complet als espais de I'aula (permet unabvsanuléinia del llistat de fils i el contingut d’'un missatge).

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Opcio de previsualitzar els missatges abans de publicar-los. Permalinks aktges per poder citar-los entre fils diferents.

Classica coleccio de botonets d’edioi(copiar, pegar, cursiva, link, etc) com al correu de la UOC.

Questionnaire #9
Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
[3] Crec que encara ha de millorar una mica, no parlem dels petits deféete signes de puntuaco de les fallades de
connexions que de ben segur es solucionaraf,cgie el que trobo una mica lleig es el sistema de navegeutie les carpetes,
els fils, i els comentaris. Trobo que s’hauria d'implementar un sistemavigad més jearquic i eficient que permeti moure’s
al detall o I'engbs dins els diferents nivells d’'informadxi Cal tenir en compte un debat aparentment senzill com el que hen

realitzat ha generat centenars de missatges en diferents fils aminidifgpeicacions, etc.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevageeiic (valora 0 -5 i fes els comentaris que creguis

convenients)
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[3] No crec que la eina tingui influencia respecte a la quantitat d’aportscémcara que ara per ara trobesyproper eldrum

tradicional, doncs permet una \dsjeneral dels missatges i una lectura de 'tot’ que a la nova eina no hi es.

. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora 0 -5 i fes els comentaris que creguis

convenients)

[4] Respecte a la qualitat si que crec que ha millorat senzillament per ladifidfique es pot aplicar a les aportacionsj gixeda

clar si estem obrint o tancant un debat o fent una pregunta etc.

. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que prioparta nova eina per a la

realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedaisegpecte als espais de l'aula?

Avantatges:

la separad@ de les carpetes

la separad dels fils de discussi

la tipificacid que es pot realitzar als missatges

la informacb de si un mateix ha aportat una entrada o no dins un fil de digcussi

Desavantatges:

La perdua de la vigi de conjunt

La complicacd de capgalera, abans hi havia nomes el emissoitbél t

La complicacd de la lectura dels missatges, s’ha d’entrar d’'un en un, no es pot tieiggd que encara no he llegit de tots els fils

El que no estigui integrat al campus de la UOC i tenir que introduir untiasemya aliena

. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Trobo a faltar un sistema de notificager subscrip@i dels fils interessants, sobre tot els creats per un mateix, per tal datend
amb rapidesa lesigstions que es puguin plantejar. Addicionalment es podria manteniragaade les aportacions a cadascun

dels fils. Tami deixaria els missatges en el seu ordre de lectura @gitoi no com ara que es ordre invers.

Questionnaire #10

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

1. Independentment dels problemesrtics que han sorgit al utilitzar-la, es una eina bastayitaza Es complicat seguir els fils.

. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevaeciic (valora 0 -5 i fes els comentaris que creguis

convenients) 4. Els problemexchics i el fet de ser una eina paencoda per seguir els debats, ha incidit de forma rellevant en

les meves aportacions.

. Com creus que la nova eina ha incidit en la qualitat de les teves apostagialora O -5 i fes els comentaris que creguis

convenients) 3. No hi ha hagut gaire temps per estudiar totes les apostdegut als continus problemes de I'eina
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4.

En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedeisegpecte als espais de l'aula?
Avantatges. Poder categoritzar les aportacions i saber el grautibégaaio de I'alumne Problemes. Incovenients. iBiifseguir

els fils de les converses, encara que el forum i debat de I'aula sereegaires avantatges respecte aquesta eina.

Questionnaire #11

Preguntes sobre la nova eina Forum de Discussi

1.

Com valores en general la nova eina Forum de Disoyssi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)

Es una bona eina, millor que l'actual al Campus Virtual.oRed depurar el seu plantejament. Ha esta molt bona la idea de crea
una carpeta per fer proves i un fil per a dubtes de debat. Ha esté, meva opind, poc encertat encetar el debat amésnde

40 fils.

Jo hageés creat els fils corresponents a punts concrets del debat. Si egglantema es poden fer diferents preguntes que

crein posicions enfrontades. | per cada pregunta un fil de distuSsia la vegada &s facil de moderar.

. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevaeciic (valora 0 -5 i fes els comentaris que creguis

convenients)

No valoraria aquesta resposta. La nova eina no ha fet variar el rmeuwgrparticipad, no ha fet que tinges nés ganes de

participar. He participat el que el temps lliure que tinc em permet.

. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora O -5 i fes els comentaris que creguis

convenients)

La eina no fa que es participi amkesqualitat, ha de facilitar I'aés al debat. Tampoc tinc valoragier aquesta pregunta.

En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que piioparta nova eina per a la
realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedaisegpecte als espais de 'aula?

Hi ha molts avantatges, es creen diferents fils de debat (que ajudaictwstr el debat). Perun altra vegada penso que han
estat excessius fils oberts a I'hora. Menys fils de debat ajuda a tenirisioanés compacte del debat i ajuda a moderar-lo
millor.

Si es creen fils per a cadascun dels participants es pot caure moltegetd d’arguments.Es millor posar una quota de

participacé (tipus un ninim d’aportacions al debat) i espaiades en el temps, no totes al pinaiinal per cobrir la quota.

Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Si vols aportar alguna cosa a un fil&tkg) voldria tenir a la vista totes les contribucions realitzades fins el momengnés
la darrera aportadi No sempre vols respondre la darrera contribufins i tot vols revisar g havies dit en una contribuci
anterior.

| sento ser una mica repetitiu @eine trobat massa fils de debat oberts a I'hora.

L'enquesta final es pot fer en un formulari tipus plana web en congpoesdocument escrit. &na nés agilitat a I'nora de fer

les valoracions i crec que hauria de seb@ma.
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6. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.
Seria convenient:

- Rebre un e-mail quan dligcontesta a una aportadeva
- Integrar 'eina dins de l'aula

- Veure ledlltimes respostes a fils on has patrticipat

- Canviar el sistema de paginéci

- Cercador

Crec que tant aquesta eina com les de I'aula no faciliten la comuaieatie els alumnes. Caldria treballaésnen aquest

aspecte donat que son les eingssrmportants per comunicar-nos.

Questionnaire #12
Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Distussi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
Valoracb: 3 Comentaris: M’he fixat que al principe tmasses opcions en el moment d’escollir el tipus de contthbaichil
(INFORMACIO-Peticb, INFORMACIO-AmpIiaciO, ...) que m’ha donat confugsper escollir-lo ja que en una mateixa resposta
pot haver-hi una petioi una ampliad o salutad i no crec pas que per cadascuna hagi de crear un missatge iddeppar
cadascuna de la resta. Tagre vist que poden existir dintre d’'un mateix fil diversos fronts obeadascun de teatica diferent

amb el que en el moment de tancar caéiagenia que resumir-ho de forma mesclada ja que no puc "modenagefil.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevageeiic (valora 0 -5 i fes els comentaris que creguis

convenients)

Valoracb: 3 Comentaris: En veure que la gent ha contestat en el meu fil, mitet deu a poder replicar, ampliar o discutir les
seves aportacions i tarela donar les gicies a les sevesitigues. Al saber tan#quantitativament les aportacions de la resta
de companys al debat, em fa veure gaiel grau mig de les aportacions dels alumnes de manera que jo emsupguar
aportant nés (tot i que com se sol dir,&s val la qualitat que la quantitat). El problema ha estat potser les dates sig posat
en marxa el debags a dir, les vacances de Setmana Santa i els possibles errors gpeeltaisa, hauan fet que el imero

d’intervencions no hagi estat el millor.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora 0 -5 i fes els comentaris que creguis

convenients)

Valoracb: 2 Comentaris: L'eina per si mateixa, no fa que les respostes siguirrsrillpitjors, aix degen de la persona qui
escriu. Tot i aix he vist que la caixa de text on s’escéisimolt petita donant peu a voler sintetitzar massa les possibles resposte
(no s’escriu tot el que es vol) de manera que la qualitat baixi. No obsjiaat, encara e$ descobrint com funciona I'eina les

respostes@ encara "de proves” pgun cop saps com funciona et concentres en 'apdrigmer tant creix la qualitat.

4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la

realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedaisegpecte als espais de l'aula?
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Aquesta nova eina aporta un valor afegit al servei de que disposaCadd@ont a donar una qualitat de servei. Nenseria
dessitjable que s’estandaé&el seuls per a moltes s assignatures que tirggsin debats. Si degw de tot no s'utilitza r@s,
crec que haur estat unagrdua de temps per a la meva persona (pel cost de I'aprenentatggliégper la Universitat li haar
servit per saber si ha estat bona o dolenta aquesta prova pilot. Lrgatges sobre el sistema tradicional de I'espai de I'asla
la seva dedicadj és a dir, quees un programari a mida per fer debats. Per tant al ser-hi dedics¢Ves opcions, versatilitat,
Us $n millors que l'altre. Com a tema important ha estat la categoridzaeis missatges dixxom crear o tancar fils. Els

inconvenients@n I'aprenentatge d’un nou sistema i els errors que el programaudiara (tot i que s’aandr depurant).

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Ara per ara, no he vist que poggiconfigurar al meu gust I'eina, ja sigui per canviar colors o catwieontrasenya. S’hauria
d’integrar amb el campus virtual de manera que noé&smdemanar un altre cop I'usuari/contrasenya. Els accessos de la pa
de I'esquerra de "tens novetats” podrien ser linkables per anar diratfé... He vist que s’ha posat pagina@n els fils de
discussb (cosa que s’agraeix per no tenir que anar veient cada cop eléiérseger anar alltim fil). La paginaco s’hauria

de pulir, ja que si existeixen m@dsims nés fils no hi hauria lloc per posar tots els rangs de 5 en 5. Es podriagidigac anar

al primer olltim, sedlent @gina,lltima pagina, etc. i/o que nosaltres escollim énmero de fils per @gina. Com tema &8

important caldria que tinges un cercador per veure les opinions que hi ha en un debat ségoriteeis de cerca.

Questionnaire #13

Preguntes sobre la nova eina Forum de Discussi

1.

Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)

Valor: 4.

. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevaeciic (valora 0 -5 i fes els comentaris que creguis

convenients)

Valor: 4. Es motivador el dato estatico de participadin.

. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwalora O -5 i fes els comentaris que creguis

convenients)

Valor: 3. El disponer de hilos de discasiindependientes, focaliza la calidad de las aportaciones por una espgmializadn.

. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que plioparta nova eina per a la

realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedeisegpecte als espais de l'aula?

Mejoras: Entorno especializado en los debates y facilidad de seguimelts kilos de discuén. Muy positivo el seguimiento
estadistico de la participadin y la valoraddn de la calidad de las intervenciones.

Inconvenientes: Necesitar una acceso independiente al aula. $& poder un enlace directo desde el aula, sin necesidad de
tener que autenticarse de nuevo. Al salir del hilo de discuse vuelve a laggina inicial, siendo positivo volver a lagina

gue se esttrabajando.

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Camentadas en el anterior punto.
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Questionnaire #14
Preguntes sobre la nova eina Forum de Discugsi
1. Com valores en general la nova einarim de Discus$i per a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

Tal com he comentat en 'apartat anterior, a part d’alguns momentalgan que I'eina es penjava i que la nave@aaria de
fil en fil, que s’ha millorat en els dies posteriors, jo he pogut treballar monimalitat. Es cert que els primers dies m’ha costat
habituar-me a I'eina perun cop llegit el correu enviat abfum de I'assignatura ja he @&stel seu funcionament.

2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevapeeiic (valora 0 -5 i fes els comentaris que creguis
convenients)

El fet de tenir un debat a part de la PAC fa que e$ ena depenéncia, quasi diria, amb I'assignatura, ja que eieptd d’'un
o dos dies les aportacions fetes pels estudiants han vairdssilt La PAC es un exercici autoformatiu, on saps el termini i et
pots organitzar el treball i la feina per acomplir amb el dia d’entregad Aixes pot dir amb el debat ja que depens del moment

lliure de l'altra gent i per ai& es crea la deperdcia que he esmentat anteriorment.

3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagwvaiora O -5 i fes els comentaris que creguis
convenients)
No crec que m’hagi inflit I'eina amb la qualitat de les meves aportacions.

4. En comparadi als espais dedfum i debat de 'aula, quines millores i avantatges creus que prioparta nova eina per a la
realitzacd dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de l'aula?
No tinc aportacions per aquesta pregunta

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

No tinc aportacions per aquesta pregunta

Questionnaire #15
Preguntes sobre la nova eina Forum de Discussi
1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
Valoractb 4. Al principi una mica feixuga, fins que vam tenir la possibilitat de mosreer @gines. LUs dels colors per
determinar a quins fils hem intervingut esta molt be
2. Com creus que la nova eina ha incidit en el grau quantitatiu de la tevaeeiic (valora 0 -5 i fes els comentaris que creguis
convenients)
Valorach 4. Es molt senzill poder contestar a la resta de companys. Realment agupbsat cap impediment 'eina alhora de
participar.
3. Com creus que la nova eina ha incidit en la qualitat de les teves apostagiaiora 0 -5 i fes els comentaris que creguis
convenients)

No veig la reladd entre la qualitat de les meves aportacions, i I'eina. Valor@ci
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Table 6.2: Main statistics extracted from the second erpeg using both discussion tools.

Statistics ST DF

Number of students 66 66
Number of threads 52 31
Total of posts 229 417

Mean number (posts/thread) M=2.2 SD=4.4 M=13.4 SD=6.1
Mean number (posts/student) M=3.4SD=2.1 M=6.3 SD=5.2

4. En comparadi als espais dedfum i debat de I'aula, quines millores i avantatges creus que prioparta nova eina per a la

realitzaco dels debats? Quines mancances, problemes i/o inconvenients cedaisegpecte als espais de l'aula?

Es nota que I'eina esta pensada per aquest tipus de forum de dict&samssagil, i senzilla de participar.

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Que s possible de rebre per e-mail quaniaig contestat la meva aportacNones que digéas que hi ha hagut canvis, ja n’hi

hauria prou

Experience #2 - Fall term 2007

e Course: Management of Organizations and Computer Science Pr@j€ai)

e Assignment type and duration: Class discussion activity for 20 days

Participation type: Required

Discussion tools: UOC'standard tooST) andDiscussion Forun{DF) version 0.8 (prototype)

Potential participants: 66 (ST) + 66 (DF) undergraduate students

Statistic results

See Table 6.2.

Questionnaire results

Participation (optional): 7/66 (10%). Most relevant questionnairegarses (Original language):

Questionnaire #1
Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova einarim de Discus$i per a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

3, a banda del temps de resposta, que un pot assimilar, no es gdireanRotser hauria de millorar la intéfe del usuari

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)
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Potser positivament (4) , donat que al no sailfde entendre, en un principi entraveésydel compte aldrum, i sense voler

t'anaves embolicant en el debat

. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Idem anterior (4)

. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creziprgporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegis@gpecte als espais de I'aula?

Avantatges: la possibilitat de donar un enfocament a la teva intetvesanolt important: ja d’entrada dius si&st’'acord(AGREE)
o no (DISAGREE) amb el company. Aixacilita la lectura donat que pots fer una seléceis que no estan d’acord amb tu son

els primers que llegeixes, els altres els deixes per el final

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Ajuda on-line Entorn rés amigable en general

Questionnaire #2

Preguntes sobre la nova eina Forum de Discugsi

. Com valores en general la nova eina Forum de Disoyssi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

4 La einaés bonaagil, agradable i molt navegable.dstima per la velocitat.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)
2 en quantitati 3 en qualitﬁs dificil de explicar ped, en algun moment entrar en I'aplica@ra com anar al dentista. Nés
de pensar ja et fa mal tot. Crec recordar que alguna vegada he estattfes hores per poder mal llegir els comentaris. Si

hagues tingut nés velocitat hages participat ras vegades.

. Quin paper creus que ha jugat la nova eina en I'alta partiéigessolida en el debat, com tagnén la qualitat de la participaci

(valora O -5 per cada un dels dos aspectes i fes els comentaris guesa@envenients)

2 en quantitat i 3 en qualitat Crec que a tothom li ha passat una mica el mateix

. En comparadials espais dedfum i debat tradicionals de l'aula, quines millores i avantatges creziprgporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegis@gpecte als espais de I'aula?

Poder veure les notes que posava el consultor ha estat tota unaegjeriDurant el debat entre 5 i 6 persones han estat
valorades amb una B. Aixfa que apidament vagis a veure que han escrit els teus companys per veupmoder millorar. En

el meu cas no ha estat possible pujar el nivell per falta de tempshpeanat b per veure que valora el consultor

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Indudablement velocitat. Degg® he trobat a faltar ordre amb les participacions i la impossibilitat de pogeimir. Tamke ha

estat una expetncia el valorar les aportacions dels companys. De fet crec queickes®m preparat per fer-ho
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Questionnaire #3

Preguntes sobre la nova eina Forum de Discugsi

1.

Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)

L'estructuraés molt bona i ajuda a la participacipeo el seu funcionameréis exasperant degut a la seva extrema lentitud que
pot arribar al colapse en determinats moments on has de deixar la participegut a la impossibilitat d’accedir al debats.
Ahir tarda/vespre (dia 30 de Octubre, entre les 16:00 i les 24:00 haves)ig poder avaluar, ni donar per llegit ni respondre a
cap company. D’acord que era el darrer diapgarmeva participadi ha estat molt regular al llarg del fede de debat i m’he

trobat en la mateixa situacimoltes vegades. Valoracil.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

Com que per mi ha estat una eina atractiva crec que ha afavoritrde foolt positiva. Valoraéi5

. Quin paper creus que ha jugat la nova eina en l'alta parti@@easolida en el debat, com tagnén la qualitat de la participaci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
El formatés atractiu i afavoreix la competitivitat entre els alumnes per millorar latiagd’intervencions (Valoradi5), altra
cosaés la qualitat donat que r&s possible comparar ni valorar adequadament intervencions madskreicturades amb altres

d’assentiment o molt curtes (Valorac3)

. En comparad als espais dedfum i debat tradicionals de I'aula, quines millores i avantatges cregipipporciona la nova

eina per a la realitzagidels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de I'aula?
Millor estructura, millor separagiper temes, avaluazide la teva participadien comparaéi a la resta d’alumnes, possibilitat

d’obrir nous debats de formadil

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Imprescindible: Ha de ser&s iapida.

Questionnaire #4

Preguntes sobre la nova eina Forum de Discussi

1.

2.

3.

Com valores en general la nova eina Forum de Disoyssi a la realitza6éi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)

5. Valoro molt positivament aquesta eina i quan s’hagin realitzat leficeons pertinents, crec que pot ser miilt per a la
resta d’assignatures de la UOC.

Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deslpagticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)

5

Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci

(valora O -5 per cada un dels dos aspectes i fes els comentaris gues@envenients)
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4. L'eina facilitava entrar en qualsevol moment i si disposaves degrops, facilitava la tasca de centrar-te en un tema de
discussb sense haver de valorar per el camp "Asunto” si t'interessava ebniissatge i llegir-lo o0 no (com passa als debats

tradicionals).

. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creprgporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegis@gpecte als espais de I'aula?
Crec que la nova ein@tmolts avantatges respecte al debat tradicional peegypermet organitzar @s & la informacd en
distribuir-se els temes en fils. Facilita la particifiaperqe nones cal que tis els fils que ras t'interessen i anar-los seguint.
Amb el debat tradicional hi havia una feina ingent per seguir els temeéeldat i acabaves imprimint totes les-keddoracions
dels companys (que&ctilment eren un centenar de missatges) per poder segeisHils (i imprimies missatges de temes que
realment no t'interessava seguir), escrivint les teves aportacioRs d@spés traspassant-les al debat.

Val a dir que tamb hi ha els inconvenients que no s’han cansat de comentar els canpamytud, el fet de que cada vegada
que avalues la utilitat, assenteixes a una contrébaaibnes per llegit, et torni a la capgalera de &jma. Com vaig comentar
en un missatge abfum, penso que el ‘@ha per llegit” s’acceleraria si es fes amb un quadre de vafidaoim es fa aldrum de
l'aula) .

En el meu cas particular taralse m’ha fet complex saber quina etiqueta havia de posar al missattye iatabat d’entendre la

utilitat dels missatges éhim en el debat.

. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Velocitat. Modificar les etiquetes dels missatges per fer-e imtutiu. Fer un manual una micaés entenedor (es fa una mica

feixuc entendre el manual que vareu facilitar abans de comengabat).

Questionnaire #5

Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
1 Veure tants missatges pendents t'estressa nomes obrir. Es impossiatdat per llegit. Sempre que no &std’acord amb
alguna afirmad has de respondre i possiblement el fil ja es massa ple de respmstés que tu vols expressar i al final passes

per no repetir un altre vegada lo mateix

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

0. Quantitat. Era realment dificok estar al dia. Hi havia fils que donaven error al entrar. Al donaltgggt un missatge podia
tardar un minut a tornar a veure el fil. Fa que no pugis avaluar els messaéds companys com mereixen. 2. Qualitat. No saps
quin tipus de missatge enviar, a missatges que voldries respondre qEeppisson d’un altre tipus. AX si, permet comparar

les teves aportacions amb la dels altres companys, el que et fa espasilaica

. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci

(valora O -5 per cada un dels dos aspectes i fes els comentaris gues@envenients)
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3. El forum permet que la gent participi mes que en altres assignatur@slaPava lentitud desespera i fa que desisteixis mes
d’'una vegada. Vas donant per llegits missatges i fas un altre cosaenesperes i fins i tot arriba un moment que t'en oblides

del que estaves llegint.
4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de I'aula?

Valorar les opinions del companys. Comparar les aportacions. Llggiel®missatges d’'una tacada afavoreix llegir-ho tot. El
temps per donar per llegit un missatge o el que t'obligui a responde esstos d’acord fa que passis de flags i de pendents i

llegeixis ped no marquis
5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Que no peti. Rapides al donar per llegir : marcar els missatges i dopatatorresponent. Tipus de missatges mes entenedors
i apropiats i indicar un desacord encara que no vulguem donar spasta( de vegades el que vols dir ja esta expressat i es

repetitiu)

Questionnaire #6

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova einadim de Discuss$i per a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
En general, es una eina molt intigent que intenta una major interada@ntre els estudiants i I'assignatura i de fet , ho acon-
segueix positivament, p&icom tota nova eina hi ha mancancesiiques que puntualment , influeixen molt negativament. Per

aquet motiu, la meva valoraces un 3.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Des de el meu punt de vista, ha de incidir en el mateix grad @mpre sota el control d’'un moderador. Una val@rgeneral
de 4 en tots dos sentits

3. Quin paper creus que ha jugat la nova eina en I'alta partiéigessolida en el debat, com tagnén la qualitat de la participaci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Fent una revidi de les estddtiques, hi ha una gran participade nivell, en general de molta interacper aibo posaria un 5
a tots dos punts.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzad dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de l'aula?

Una gran avantatge del producte esta endeq@e es pot extrapolar a qualssevol de les assignatures de la Chriegesitria
i aquesta reutilitazacio es molt positiva al debat tradicional. Conceptotleseuna bona eina que tindria que evolucionar

tecnicament.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.
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Table 6.3: Main statistics results from the third experénsing both discussion tools.

Statistics ST CoLPE
Number of students 43 43
Number of threads 29 17
Total of posts 174 93

Mean number (posts/thread) @ M=6.0 SD=2.7 M=5.5SD=4.5
Mean number (posts/student) M=4.0 SD=1.6 M=2.2 SD=3.8

Una millora significativa seria afegir rapidesa i dinamisnaigrsimilar a un sistema de correu convencional , alhora d’incorporan
algun petit apartat favorits per "deixar” marcats o emmagatzemaitlesjaportacions que , sempre des d’un punt de vista per-

sonal, siguin mes adients ( en 400 o 500 aportaciondadisgierdre el fil entre tot un bosc de missatges).

Experience #3 - Fall term 2007

e Course: Course: Methodology and Management of Computer Sdrrogects (MGPI)

Assignment type and duration: Class discussion activity for 14 days

Participation type: Required

Discussion tools: UOC'standard tool(ST) andCommunities of Learning Practice EnvironméBoLPE) version 0.6 (proto-
type)

e Potential participants: 43 (ST) + 43 (CoLPE) graduate students

Statistic results

See Table 6.3. See also subsection 5.4.2 in Chapter 5 for a detailegpti@s@nd analysis of the technical issues observed while

running this experience, which influenced it negatively.

Questionnaire results

Participation (optional): 7/43 (16%). Most relevant questionnairegarses (Original language):

Questionnaire #1
Preguntes sobre la nova eina CoLPE
1. Com valores en general la nova eina CoLPE per a la reafitzitidebat. (valora 0 -5 i fes els comentaris que creguis conve-

nients)

5, ET PERMET FER UN SEGUIMENT PER TEMES, TROBO MOLT UTIL VEURE.S MISSATGES QUE NO HAS LLE-
GIT, TAMBE FACILITA MOLT LIMPRIMIR ELS TEMES DELS DEBATS, AIXO HO CONSIDERO UN GRAN AVENC
RESPECTE EL METODE ANTERIOR, JA QUE POTS IMPRIMIR PER TEMES

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)
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3

3. Quin paper creus que ha jugat la nova eina en la partiéiessolida en el debat, com tagnén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

4

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de I'aula? Si us
plau, proporciona gtiques constructives que ajudin a millorar I'entorn.

IMPRESSIO MISSATGES, POTSER LLETRA UNA MICA GRAN, PERET PERMET FER PARRAF SABENT EL SEU
TAMANY

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants en general. Quines funcionalitats
creus que nom necesaries per portar a terme un debat com aquest.

ELS TIPUS INFORM NO VEIG MOLT LA SEVA UTILITAT, CALDRIA UN BON MANUAL D’AJUDA DEL ENTORN ...

Questionnaire #2

Preguntes sobre la nova eina CoLPE

1. Com valores en general la nova eina CoLPE per a la reabtzistidebat. (valora 0 -5 i fes els comentaris que creguis conve-
nients)
3. L'eina proposava per a fer el debat ha estatlfd’entendre i fer-la anar. A &s a nésés nés fcil seguir els fils de cada

aportach.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Grau quantitatiu. 2. as que al ser una nova eina, ha estat al principi una mica poc entdaetés aportacions adequades.

Grau qualitatiu. 4. penso que a nivell qualitatiu s’ha guany&s que fent-los de la manera antiga el debat.

3. Quin paper creus que ha jugat la nova eina en la partiéiEssolida en el debat, com tagnén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
3. Penso que aquesta eina es pot fer servir per fer debats seriseara@nient as que aporta totes les eines neagss per

fer-lo correctament.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients ceg@segpecte als espais de I'aula? Si us
plau, proporciona étiques constructives que ajudin a millorar I'entorn.

L’home per molt que ens peds animal de costums i&xt que a nivell personal porto ja sis anys fent debats a la uoc amb I'einc
tradicional, estic rés acostumat a fer-los com abans. No obstantiestfj de temps i no costaria gaire utilitzar aquesta nova
eina.

Una millora important queétés que utilitzes un espai fora del campus i evites que altres tasquesinfuéhora de fer el
debat,és a dir, qu7an accedeixes al debaaggtel debat, en el campus pots farigs coses que no tenen a veure amb el debat

propiament dit.
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Un inconvenient important que m’he trok&s que amb I'anterior eina de debat, podries tenir amb una&giagtot el contingut

del debat per llegir-lo off-line i guardar-te’l en disc. Amb la nova eigaesta fundi no esa disponible.
5. Quines millores introduiries a I'eina per millorar el suport qéealals debats i als participants en general. Quines funcionalitats
creus que no@n necesaries per portar a terme un debat com aquest.

Per mi I'eina ha estat suficient per portar el debat. No he tingut gaioksgmes per participar-hi (traient dels primers dies que

crec que va caure un parell de vegades el servidor i no deixaediatx).

Questionnaire #3
Preguntes sobre la nova eina CoLPE

1. Com valores en general la nova eina CoLPE per a la reabtzistidebat. (valora 0 -5 i fes els comentaris que creguis conve-

nients)
La valoro amb un 3. Crec que li queda molt per millorar. Per exempia st (til que les aportacions d'un fil es poguessin
llegir sense haver de clickar cada vegada a 'apdstqae vols llegir. Com si fos urofum.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)

No considero que hagi incidit I'eina en el meu grau de participatia informacd era accessible i la eiriss fcil d'utilitzar.
Simplement falta millorar la usabilitat donat que actualment considero @jaa massa clicks per realitzar les tasqLEs.a
dir, passes s temps clickant aqalla que llegint/escribint @piament la informadi, quanés aquestaltima el que realment

interessa.

3. Quin paper creus que ha jugat la nova eina en la parti¢iesolida en el debat, com taenen la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Al igual que abans, no considero que hagi incidit I'eina en el graladécjpacbd.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cedeisegpecte als espais de l'aula? Si us

plau, proporciona étiques constructives que ajudin a millorar I'entorn.

Crec queés molt positiu el fet de poder llegir la informécile manera molt &s ordenada i relacionada. La resta ja ho he

comentat a les preguntes anteriors.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants en general. Quines funcionalitats

creus gue no@ necesiies per portar a terme un debat com aquest.

No response.

Questionnaire #4
Preguntes sobre la nova eina CoLPE

1. Com valores en general la nova eina CoLPE per a la reabtzistidebat. (valora 0 -5 i fes els comentaris que creguis conve-

nients)
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Puntuacd: 4 Comentari: M’hi he sentitmode. Al principi funcionava lentament. Cal que I'eina sigiida.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)

Puntuadd: 0 Comentari: No he trobat cap digrcia quantitativa ni qualitativa respecte @sldel brum tradicional.

3. Quin paper creus que ha jugat la nova eina en la parti¢ipasolida en el debat, com tagnén la qualitat de la participai
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Puntuadd: 0 Comentari: No he trobat cap digrcia quantitativa ni qualitativa respecte @sldel brum tradicional.

4. En comparadals espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creziprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de I'aula? Si us
plau, proporciona étiques constructives que ajudin a millorar I'entorn.

Crec que I'eina aporta &s informaadd al consultor que no pas a I'alumne. No veig massa canvis de cararaiialtespecte als
forums tradicionals.

5. Quines millores introduiries a I'eina per millorar el suport qoaalals debats i als participants en general. Quines funcionalitats
creus que no@ necesdries per portar a terme un debat com aquest.

Trobo a faltar una opoiper accedir als missatges no llegits de for@gida. Actualment feia clic sobre el fil i deggrsobre
"tots els missatges” i finalment feia scroll per veure els nous. Cres@uenassa passes. Seria bo fer-ho des de la pantalla on
es veuen tots els fils amb un enllag que digues "Veure comentaris nous”.

Pregunto: Per qaino s’ha fet I'autoavaluagiamb Colpe en comptes d'utilitzar aquest document?

Questionnaire #5

Preguntes sobre la nova eina CoLPE

1. Com valores en general la nova eina CoLPE per a la reabitzistidebat. (valora 0 -5 i fes els comentaris que creguis conve-
nients)
(3) De fet crec que particularment no li he tret tot el profit ja que nlithéat a utilitzar el ninim necessari per poder participar
i llegir la informacb.
Crec queés una eina adequada (ja que esta pensada amb aquesif)ro@d estaria B coreixer la part de 'backend’ oas
deuen de veure les estatiques de participagietc..

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
(1) La meva participa6i hauria estat la mateixa amb o sense aquesta eina. No ha aportatctagspecialment motivador .

3. Quin paper creus que ha jugat la nova eina en la partiéiessolida en el debat, com tagnén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesa@envenients)
(1) Mateix comentari que en el punt anterior.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de I'aula? Si us

plau, proporciona ¢tiques constructives que ajudin a millorar I'entorn.
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Table 6.4: Main statistics results from the fourth experensing both discussion tools.

Statistics ST DF

Number of students 35 34
Number of threads 54 12
Total of posts 109 214

Mean number (posts/thread) M=2.0 SD=1.8 M=17.8 SD=28.6
Mean number (posts/student) M=3.1SD=1.1 M=6.2 SD=2.7

El que nés m’ha agradas que permeti la categoritzadael tipus d’intervend, la notificacd de noves aportacions sobre cada

fil. EI que menys, la seva intécie d’usuari, poc 6moda i intiitiva.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants en general. Quines funcionalitats

creus que no@ necesaies per portar a terme un debat com aquest.

Millorar la cerca, saber qui ha llegit el teus comentaris, presentar lemaftd de formes diferents, simplificar la intesie (o

disposar de diferents nivells o graus d'utilitzaci

Experience #4 - Spring term 2008

e Course: Management of Organizations and Computer Science Pr@j€ai)

Assignment type and duration: Class discussion activity for 20 days

Participation type: Required

Discussion tools: UOC'’standard tooST) andDiscussion Forun{DF) version 0.8 (prototype)

Potential participants: 35 (ST) + 34 (DF) undergraduate students

Statistic results

See Table 64

Questionnaire results

Participation (optional): 8/34 (23%). Most relevant questionnairegarses (Original language):

Questionnaire #1
Preguntes sobre la nova eina Discussion Forum

1. . Com valores en general la nova eina Forum de Disgyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

Un 3. Esi molt k& com a iniciativa, pér de vegadeés un @l confus el sistema deepliques, contrapliques, obertura de fils

nous, establir si eas d’acord o no amb alguna de les intervencions, etc.

INote this very high SD statistic in the posts/students meais Was chiefly caused by two empty discussion threads, whick apen by students
just before closing the discussion. Without this outlidd=5.4.
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2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Quantitatiu i qualitatiu: 3. No hi ha infludecisivament en el meu cas, pef que ha estat engrescador participar en el debat.
Quantitativamenés una gestd de temps, en el meu cas, i qualitativament no hi puc fes.m

3. Quin paper creus que ha jugat la nova eina en l'alta partiéifzsolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Alta participacd: 4. Com ja he comentat crec qés atractiu participar en el debat, ja que els propis comentaris dels alumne
comporten les ganes de dir-hi la teva. Qualitat: 3. Com he dit abanshlaigua de tot, pérel nivell el considero bo.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de 'aula?
El debatés nés interactiu i engrescador per a la participa&is potser menys encorsetat que lastkes, fins i tot la deldrum.
El problemaés que I'acés separat, el fet de tenir una guia de les intervencions o dels difeleatséguir rds 'navegable’ amb
una doble finestra, per exemple, el fasrdependent de tota I'atedci

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.
Hauria de poder-se consultar el contingut del debat mentas estrivint unaapicl, o incloent un comentari. Per tal de poder
fer refeencia millor a d’altresihies que hagin pogut agaxer, o k& a d’altres alumnes i els seus comentaris. Esté&riair un
mer( de navegadi més intuitiu que et permes facilment accedir a tots els fils i/o als comentaris que volguessis, veient-ne I

interrelaco.

Questionnaire #2

Preguntes sobre la nova eina Discussion Forum

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
4.
Evitaria el fet de dir que 'No’ per poder respondre o tancar el caanen

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
4 en els dos aspectes.
Gracies a la facilitat dis he pogut avangar molt en les tasques realitzades quan m’hi hiedeaticar.

3. Quin paper creus que ha jugat la nova eina en I'alta partiéigessolida en el debat, com tagnén la qualitat de la participaci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
4 en els dos aspectes.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?

Avantatges totes, trobo q@s un bon sistema, inconvenient un: Evitaria el fet de dir que 'No’ pdeprespondre o tancar el

comentari.
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5.

Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

La resolucd al desavantatge en el punt anterior.

Questionnaire #3

Preguntes sobre la nova eina Discussion Forum

1.

Com valores en general la nova eina Forum de Disoyssi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
4. Esk molt ben pensada, tot i que trobo que es podria donar una orgamitmas jearquica/esquedtica per facilitar el

seguiment del fils.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

3. Una organitza6 més jearquica m’hauria ajudat a poder centrar-mesren determinats fils i participaas

. Quin paper creus que ha jugat la nova eina en I'alta partiéigessolida en el debat, com tagnén la qualitat de la participaci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

4. Crec quees una molt bona eina i molt ben pensada. En general, les persdessldie, ens agrada participar en noves idees

i eines.

. En comparaéials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges crexprgporciona la nova eina

per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?

Els espais de I'auladm molt simples i Bsics. Aguest incorpora moltes funcionalitats que ajuden a organitaeg’trein millor

analisi de les contribucions.

. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Com ja he comentat, li donaria una organitsatés jearquica i cronadgica per facilitar el seguiment dels fils.

Questionnaire #4

Preguntes sobre la nova eina Discussion Forum

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

(4) - L'eina me semble bona. En principi un tant complexeppera vegada s'utilitza es senzillagil.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)
(3) - Crec que I'eina es molt damica, amb lo qual facilita les intervencions, pot ser caldria una vista deégd en un fil un

poc mes gifica amb mesdtil ac&s a les intervencions.

. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci

(valora O -5 per cada un dels dos aspectes i fes els comentaris gues@envenients)

(4) L'eina ajuda a participar per la facilitat d’'us i es mesaditica que el correu.
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4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina

per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?
Com he dit abans es mes dmica i mes clara que el correu, en quan a problemes no he vist ¢am&lde avaluar, crec que
podria ser mes simple, i tampoc he vist com tancar un fil, si ja cons@leray estava esgotat el tema.

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Facilitar I'avaluacd de les intervencions, pot ser clarificant millor, reduint les puntuacomsalificacions del tipus: simple,

mitjana, alta, etc. Mes participdcde la figura de moderador, pot ser interessant en alguns casta mmapoc iinies de debat.

Questionnaire #5
Preguntes sobre la nova eina Discussion Forum

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
Pues en lineas generales la veo interesante, le pondria entre un 3 y arvdo Inuy practica,fediria alguna que otra cosa,
pero bueno seguro que los corfipeos que la estan desarrollando la mejoraran hasta conseguir ualdideion.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
No pienso que la herramienta me haya ayudado o facilitado para hactacpnes de calidad o cantidad.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéfzessolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Idem de lo anterior.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de I'aula?

Bueno si lo tengo que comparar con los debates del foro del aulan¢eidente esta herramienta le da mil vueltas. Las ventajas,

casi todas, la creacion de carpetas e hilos, poder tener cada cassitim as estadisticas, etc...
No poder borrar mensajes (propios), lo encuentro una deficiencia.
5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Lo de borrar-modificar, podria ser interesante, ya que a veces depeguivocar.

Questionnaire #6
Preguntes sobre la nova eina Discussion Forum

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
Valoracb 2. No m’ha agradat. Penso gée molt difcil seguir els fils de conversa. Possiblement sigui permpuesk preparat

pel Firefox (almenys a mi alguns links no m’han funcionat com amEglTamte penso que hi ha massa llibertat per escriure
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els missatges. Per exemple, alguns es poden marcar com a llegits, slsialtls afegir alguna matisécho pots pergé has

de dir que no per poder contestar,..

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Malgrat la dificultat de I'eina, aquest no ha estat motiu suficient per ddicles meves exposicions. Una cosa molt baora s
les estatbtiques, ai® si que ha ajudat a veure I'estat de les meves intervencions.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéfzessolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Valoracb 3. Sincerament no crec que I'alta particigaoila qualitat tingui una relagidirecte amb I'eina. En tot cas n@ses
tracta d’'una eina. Crec que ha estdsa motivad dels estudiants el que ha portat a que el debat hagi sortit d’'unaanane

altre.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegas@gpecte als espais de I'aula?
Ja he comentat abans quins problemes he tingut. Possiblement néanalrézt que hauria de ser una eina senzilla iitita. |
que no aporti masses opcions. Corasisimple millor.

5. Quines millores introduiries a I'eina per millorar el suport qbealals debats i als participants.

Una millora de I'aspecte visual ajudaria molt. Una idea seria agrupar @meions per nivells i que aquests nivells es repre-
sentessin gificament amb agrupadxide fitxes que amb els events del ratehccionessin desplegant-se 0 agrupant-se segons e

fil seleccionat.

Questionnaire #7
Preguntes sobre la nova eina Discussion Forum

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
Un 3. L'estructura hauria de ser una mica mes visual, podria ser neben De vegades no saps quina apodtasimes recent.
2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Un 1. Sincerament crec que en res. Em sembla obvi que a nivell quatitate perge influir, i a nivell quantitatiu tampoc tot i
que I, si et facilita molt la feina pot induir-te a participar.
3. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci
(valora O -5 per cada un dels dos aspectes i fes els comentaris gues@envenients)
Entenc que igual que en mi mateixa, 0 comaim una mica mes. Un 2.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina

per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?
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Table 6.5: Main statistics extracted from the fifth expeciensing both discussion tools.

Statistics ST DF
Number of students 44 45
Number of threads 6 8
Total of posts 189 197

Mean number (posts/thread) @ M=31.5 SD=2.7 M=24.6 SD=18.9
Mean number (posts/student) M=4.3 SD=4.1 M=4.3 SD=2.9

Com ja he dit abans, penso que hauria de ser encara mes visaatldEgfue una avantatge respecte I'entorn habitual es que e
millora nivell visual, ped crec que ja que s’ha féhica i exclusivament per aquesta escomesa, doncs que haugiandelsmes
visual, intdtiva, etc... del que jas.

5. Quines millores introduiries a I'eina per millorar el suport qbealals debats i als participants.
Algun tipus d’exportad a un editor de text de tot un seguit d'aportacions. Molta de la gent tugi@s la uoc, ho fa perguno
te temps d’anar a la universitat presencial. Llavors molts tampoc tengs @entrar cada dia. De vegades en un debatsest
dies sense entrar y tens 50 noves aportacions. Estaria ve poder ingpgiemierar un document amb totes les aportacions filtrant

per dates per exemple. D'aquesta manera pots llegir-les trdameht en paper, que la pantalla sempre es mésrinde.

Experience #5 - Spring term 2008

e Course: Methodology and Management of Computer Science ProjéGiBIj

Assignment type and duration: Class discussion activity for 10 days

Participation type: Required

Discussion tools: UOC'standard too(ST) andDiscussion Forun{DF) version 0.6 (prototype)

Potential participants: 44 (ST) + 45 (DF) graduate students

Statistic results

See Table 6%

Questionnaire results

Participation (optional): 13/45 (29%). Most relevant questionnairesgarses (original language):

Questionnaire #1
Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

2Note this very high SD statistic in the posts/students meahris Was caused above all by two empty discussion threadshwiite open by
students just before closing the discussion. Without thitier, SD=7.8. Please also note that, in this particulaecsghe number of ST’s discussion
threads were predefined and open by the lecturer only at thierbeg of the discussion.
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Nota: 3. Te moltes coses positives pegue cal encara ajustar i millorar. Algun missatge del sistema, recaréoa I'adequat,
no ajudava. Per exemple, en indicar (crec que era) bifurcar /estelitdeg retornava un missatge dient que se n’havia de
seleccionar primer, pérresulta que no es podia seleccionar cap (no n’hi havia cap amb leacd®er tant, en aquest cas, el
missatge hauria de ser quelcom semblant a ” ara no pots estendedag) ger a fer-ho cal que...”.

El tema de la separdxide dalegs s’hauria de mostrar d’'una altra manera, potser en formae'dbo el problema ras gran
que li he vistés I'aparico dels missatge en ordre crongic invers, la qual cosas antinatural, a banda que molt molest.
Respecte les utilitats d’avaluaciassentiments i notes d'utilitat, doncs poden estapbD si s'obliga a la seva utilitzagj sird

la tendenciaés a no usar-ho i per tant n® ¢ap utilitat pactica.

La questd de les categories dels missatgeasblt ke, encara que a vegades he tingut dubtes a quina categoria encaiktaria m
el meu missatge (caldria definir miloor aquestes categories, o afegignea nés). De tota manera, la utilitat que pot tenir
tamke em sembla dubtosa ja que la gent respon als missatge llegint els seugutentio llegint si la categories una petid o

el que sigui.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

Doncs en el meu cas particular ha iiifloastant en la meva participaagn quant a quantitat, no pas en quant a la qualitat de la
participace. Totique considero que el nombre d’intervencions ha estatque suficient, el fet de trobar-me amb un entorn amb
el qual no estava familiaritzat i, per tant, no sentir-m’éimode (sobretot per I'ordenactronobgica inversa dels missatges)
requeria per la meva partés temps de dedicdcper, segurament i en un altre entorasifamiliar, fer el mateix. | considerant

la meva limitada disponibilitat de temps (ja ho he explicat abans), el feterfa de dedicat temps a I'eina i no pas al debat en

si ha estat un handicap important.

. Quin paper creus que ha jugat la nova eina en l'alta parti@@essolida en el debat, com tagnén la qualitat de la participdci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Nota 1 respecte l'alta participacén quant a quantitat. Crec que la nova eina no ha estat un factor detegmiialta participad
en el debat. Crec que la participa@n quant a quantitat no haggiestat ras baixa si s’hages utilitzat un espai cdaboratiu

habitual. Inclis crec que la participathages estat superior.

Nota 3 respecte a la qualitat de la particigad?otser adjusi ha inflit una miqueta ras el fet de tenir classificats els missatges
per dialegs i categories: aixpot representar una qualitat superior en quant a la classifioamidenad dels missatge. Aquest
fet pot revertir positivament en la qualitat dels missatges o intervendimtta manera, la qualitat dels continguasisament
depen de les persones participants, i la iefigia de I'eina sérsempre molt menor que la dedisie cada participant en implicar-
s’hi, en el debat, aixcom la seva capacitat o disponibilitat per a fer les intervencionsédeonmenys qualitat, nombroses, etc...

Amb una altra eina cdhborativa habitual, la qualitat dels continguts no Hemestat significativament superior.

. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges crexprgporciona la nova eina

per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegéisegpecte als espais de I'aula?

Per a poder fetitil les avaluacions (assentiments, notes) caldria obligar als participasts-#es. Altrament les estatiques

associades poden no ser representatives de lmgeligrup, per ser la mostra molt petita.

Pensem que un projecte massa gran i com@exnt probabilitat s alta de fra&s. Millor el dividim en projectes &s petits,
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assequibles i amb resultat&mimmediats i visibles. Amb aixvull dir, de manera metafica i comparativa, que si un fiet
un nombre d’intervencions massa elevat, per al participant ja no esnfampctic I'Us dels assentiments i notes. D’alguna
manera s’hauria de fer que aquestes carestigues es poguessin aplicar en agrupacions de missatges d’'un dedie ifper
ex. Dialegs), i que es mo&s al participant un higtic que indiq@s quines i el nombre d’aquestes agrupaciored€ds) han
estat ja avaluats.

El problema nés greles la ordenadicronobgica inversa de les intervencions. Tadal que, visualment, hi hagi una distidci
mes intlitiva entre els dilegs. Manca la possibilitat d’adjuntar fitxers (almenys jo no I'he vistagstqLfuncionalitat), aixxom

un enllag directe al mail de cada participant, de tal manera que I'esplaboratiu seria s complert (®cron + agcron, tot

integrat).

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Ja ho he comentat al llarg del document.

Questionnaire #2

Preguntes sobre la nova eina Forum de Discussi

Preguntes sobre la nova eina Forum de Dis¢éussi

1. Com valores en general la nova eina Forum de Distussi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

3. Larecarrega de lesagines fa molt lent processar els missatges quaadap ja acumula uns quants i esédéarga. Crec que
es podria millorar amb: poder veure les fotos dels companys, que elatges estiguessin organitzats en un arbre desplegable
poder seleccionar grups de missatges per marcar-los com llegitéyidimadisposar d’una opeiper contestar "NO esta d’acord”

sense haver d’introduir un comentari, les opcions haurien de sef'R&)"-"Si, comentar”-"No, comentar”.
2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)

3. L'estadstica de participadila trobo molt interessant i m’ha motivat a feemparticipacions, en quant a la qualitat no crec que
I'eina la hagi afectat. No estic satisfet de la inforndesbbre la valoradiquan he vist que participants amb umeéca participac
han estat valorats amb A, jo amb la meva lera partioipaig obtenir una B, i desps d’haver afegit 3 intervencions la valor@ci

ha canviat a una C+ (ja ho he comunicat al consultor, Santiago Codelanda donat una explica®.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéfzesolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
1. Crec que I'eina no es clau en els aspectes mencionats ja que deliegs dssignatures (d’aquest quadrimestre i d’anteriors)
han tingut un nivell quantitatiu i qualitatiu equiparable, e irscsuperior.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?

Les exposades en les respostes anteriors.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.
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Les exposades en les respostes anteriogs,lenpossibilitat treballar amb una opéext enriquit” com es pot fer al crear nous

missatges al campus virtual de la UOC.

Questionnaire #3
Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitzadi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
3

No m’acaba d’agradar. En primer lloc, no crec que en debats dsadjpes siguin adequades les valoracions, ni que calgui

manifestar-se a favor o en contra de les intervencions.

En aquest sentit, prefereixo els espais de debat a I'aula, on si esaegnient es matisa o es replica el comentari d’'una altra
persona. Tambhe de dir que, particularment i en general, no crec gaire en els dahadss. En poques ocasions he trobat que

siguin realment profitosos. Crec que els debats, normalment, nendagitesencialitat.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
3

3. Quin paper creus que ha jugat la nova eina en l'alta partiéfzessolida en el debat, com tagnén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
3

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina
per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?

Ja he comentat aquestaesptd en respondre a la primera pregunta d’aquest apartat.

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Basicament, no haver d’assentir o discrepar en gaitetes les intervencions. Oferir I'oicde donar I'aportadi per llegida.

Questionnaire #4
Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)
La meva valorad és de 4. Com aspecte negatiu trobo que la lectura de un fil amb molts déges€sauna mica ditil de
sequir.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
Un 4 en el grau quantitatiu. Potser ha fet que no veies sempre clar pestes a les meves preguntes al no localitzar-les de

forma apida.
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Un 4 en el grau qualitatiu, per que puc incloure html i veure la preguntgaeaesponc.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéifzesolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Un 4, Caldria que avises amb emails quaruidig contestat un missatge meu.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?

Com a millora Trobo que la vigiglobal del filés millor, per que en 'actual de la uoc, si@lgontesta un fil molt antic costa
de veure, i en el nou tenim un link als nous missatges a la part esgGemmaa mancanca trobo que I'autentiéanb es del tot

correcte per que un cop autenticat, puc enviar-me la url a un PC dife@mtinuar posant missatges atfim.

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Trobo a faltar que es puguin plegar i desplegar els fils de missatge, feoderques amb cerca inf@ent i tamke que guardi

els filtres de cerca. Falta compatibilitat amb firefox, per que els links de masatges de la part esquerra no funcionen.

Questionnaire #5

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disouyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients): 2

Parece una herramienta con futuro, pero ha dia de hoy todavia tied®secores y genera continuas excepciones (entiendo

gue esta en fase beta o de pruebas). De cara a mejorarla, se debajar tnucho mas la interfaz y hacerla mas intuitiva.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients): 3

En cierto modo ha mejorado mi intervencion, ya que esta nueva hentamiejora en parte la herramienta de foro de la UOC,

y permite valorar las intervenciones y ver en que grado he intervenido.

3. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participaci

(valora O -5 per cada un dels dos aspectes i fes els comentaris guess@envenients): 4

La herramienta a ayudado bastante pero pienso que gran parte d&3 jmoeda participacion de cada alumno esta en que esta

sea obligatoria para aprobar la evald@actontinua.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de 'aula?

Permite a cada alumno valorar y medir el grado de interes de las apnéacie sus comfparos. Muestra graficas y tablas con
los detalles de la participam de cada alumno. En contra tiene que no esta integrado dentro debedp#rabajo de la UOC,

si no estras al foro no sabes si hay nuevas aportaciones, etaidathemas trabajarse mucho mas la usabilidad y que sea un:
herramienta mas intuitiva. Ya que pese a ser una herramienta nudeapai@ce respecto a lo que estamos acostumbrados &

utillizar en internet.
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5. Quines millores introduiries a I'eina per millorar el suport gaealals debats i als participants. Aparte de lo que he comentado el
el punto anterior, tambn se podria trabajar en que dentro de un debate apareciera masalardiferenciados las aportaciones

de las respuestas o contestaciones a una aporta@ile se viese en forma de arboles o ramas.

Questionnaire #6

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova einadin de Discussi per a la realitzadi del debat. (valora 0 -5 i fes els comentaris que
creguis convenients)

En un principi sorpgn que, tenint undrum de l'aula, o indls carpetes d’altres assignatures que hi posi "Debat”, calgsii I
d'una nova eina. Arad a mesura que t'hi incorpores hom s’adona que eétalran dissenyada per al seu fi: el debat.

No es tracta d’'un espai on cliguem cada un dels missatgésgaimpodem seguir fils de forma independent, i llegir de forma
molt més eficient les diferents opinions que s’hi fan.

Valoracb: 4

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

Grau quantitatiu: 2

Realment no crec que la nova eina sigui motivadora ég apinions. No veig el motiu pel qual, sigui en aquesta o per exemple
al forum de l'aula, un estudiant hagi d’'opinaémo menys.

Grau qualitatiu: 4

En aquest cas, i com he comentat a I'apartat anterior, la nova einaarlfacilita la qualitat de les intervencions, en el sentit
que pots "motivar” el que intentes explicar al missatge, o per exenggajrdes conformitats o no de la resta d’alumnes.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéifzesolida en el debat, com taenén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Grau quantitatiu: 2

Entenc que a la resta de companys de I'aula, la nova eina no els ha m@#apinions. L'alta participagide I'aula, clarament
segur que es deguda a que el debat es part de I'avaldeda £ pac.

Grau qualitatiu: 4

Globalments nes @pid i intdtiu, i aixo afavoreix la qualitat de les intervencions en el sentit queésiapid llegir-les i seguir
el debat, la qual cosa facilita que tots els alumnes puguem realitzar opinésrisen adrecades.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegasegpecte als espais de I'aula?
Millores: possibilitat de veure (tots alhora) i respondre els corregs mpidament, disposar de la "Categoria” del missatge,
poder crear diferents fils, posar nota (I'alumne) o unificar debatéfeleedts assignatures en una mateixa aplcaehb.
Mancances, problemes i/o inconvenients: mancanca de FAQ, obiaatate respondre si no astd’acord amb una opini
(potser no ests d’acord i no saps ben be com demostrar-ho), apartat d'stig@es massa comprimit (si no et trobes a la part

superior de la taula, costa entendre totes les columnes de les que ea)dispos
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5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Malgrat la pestanya d’Ajuda, aquesta sembla Bhgscassa, tot i que existeixi un manudiglb una adreca de correu per a

resoldre als dubtes.

Potser la incorporatid’'un conjunt de preguntes frégnts o FAQ, ajudaria en certs momentsj adm reduir les columnes de

les estatbtiques a les s essencials, o anar-les reproduint a mesura que es va baixanila Entdlestd.

Questionnaire #7

Preguntes sobre la nova eina Forum de Discussi

1. Com valores en general la nova eina Forum de Disouyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

La meva valorad es 1. Es molt poc ergémica, coninuament s’estan carregant els continguts per cada canvi (llegestan

puntuar, etc.), esta obsoleta te@gtament parlant. L'informe de participaaésta molt B, ped el dia a dia es el debat.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)
A nivell quantitatiu la meva valoragies de 4 (ha incidit molt) y a nivell qualitatiu 2 (ha incidit poc). Crec quesegtie sigui
molt poc ergoomica perjudica la quantitat de participacigue a nivell qualitatiu degn nés dels meus coneixements que de la
propia eina.

3. Quin paper creus que ha jugat la nova eina en l'alta partiéfzesolida en el debat, com taenén la qualitat de la participdci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
Crec que a nivell de participaxel paper de la eina no ha incidit gaire (2) respodria afectar en el cas de veure a I'informe de
valoracb la teva classificadi A nivell de qualitat torno a comentar que eéswna particularitat personal segons la preparaci
i experincia individual.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegéisegpecte als espais de I'aula?

En general les eines claboratives de la UOC tenen els mateixos problemes, infovdispersa, dificultat a I'hora de buscar

la informacb i problemesécnics provocats per incompatibilitats amb els navegadors (encar® goe gontinuats).

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

Poder buscar, adjuntar fitxers, un editor de HTML integrat, millorar elpsaie carregar (fer servirgs AJAX en la programagi
client), no queda molt clar la utilitat de les diferents categories. En generabbo que sigui una eina iritiva com s’havia
presentat i he de recéixer que no vaig llegir de cap a peus el manual i segurament algerles theves dubtes es podrien

solucionar amb una mica de estudi dels manuals.

Questionnaire #8

Preguntes sobre la nova eina Forum de Discussi
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. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

2. Tot i que el seu funcionament intern es molt bo, crec que ensgraceinttitiu el seu us com a usuari normal.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

3. 3. S’hafet un poc dificil de llegir al no dispondre de pagibacio disposar d’un sistema d’iframes per a llegir les aportacions

tan llargues fetes. El scroll s’ha fet un poc fatigat.

. Quin paper creus que ha jugat la nova eina en l'alta partié@@essolida en el debat, com tagnén la qualitat de la participdci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

4. Pense que ha segatfl la tasca de publicar per part dels estudiants.

. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creziprgporciona la nova eina

per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cedasegpecte als espais de 'aula?

M’agrada el tema del seguiment de puntuacions que podem fer igruatgualitat d’'un "post” per realment, avui en dia, em

sent mes comode amb I'espai de debat de 'aula.

. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Parlant des d’un punt de vista com a usuari que he sigut: -d&déipost; - Previsualitzar el post abans d’enviar; - Num. De car-
acters naxims; - El editor hauria d’'incorporar-hi una eina per podar afeglea imatges, estil (http://www.fckeditor.net/demo);

- Millora en I'estil (fonts, etc) de la @pia interfcie;

Questionnaire #9

Preguntes sobre la nova eina Forum de Discussi

1.

Com valores en general la nova eina Forum de Disoyssi a la realitzaéi del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)

Amb un 3. Aviam, I'eina funciona forcaéopen li calen millores. Hi hauria d’haver la possibilitat de donasd’'un missatge
per llegit alhora o b d’assentir les afirmacions de forma agrupdﬂa.una mica engabs que cada cop que cliquis el bate
donar per llegit o de respondre si es carreguidgipa de nou i hagis de tornar a comencar la lectura dels missatgebé Tam

m’ha passat que hi ha hagut algun missatge que no he pogut dolegfiga que estava tancat.

. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos

aspectes i fes els comentaris que creguis convenients)

Ho valoraria amb un 3. M’ha ajudat a participar de forma quantitativalitgiva peo li calen millores.

. Quin paper creus que ha jugat la nova eina en I'alta partiéigessolida en el debat, com tagnén la qualitat de la participaci

(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)

Crec que la gent en trobar-se amb una eina nova ha volgut "jugaréfaparticipant en els debats i contestant les afirmacions

dels companys. Tangthi posaria un 3.
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4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprporciona la nova eina

per a la realitzaéi dels debats? Quines mancances, problemes i/o inconvenients cegésegpecte als espais de I'aula?
Home, els debats de la UOC estan forga I€om ja he comentat, aquesta eina necessita millores: possibilitat depgonar
llegits uns quants missatges a I'hora, possibilitat de veure els mails delsngsiper envia’ls-hi alguna consulta, caldria poder
adjuntar fitxers, cercar missatges per data o per paraules,....

5. Quines millores introduiries a I'eina per millorar el suport qoealals debats i als participants.

Caldria ordenar els missatges de formasnelara permetent que no et perdessis queresl un missatge per llegit, ja que es

recarrega tota laggina i no saps on estaves.

Questionnaire #10

Preguntes sobre la nova eina Forum de Discugsi

1. Com valores en general la nova eina Forum de Disoyssi a la realitza6i del debat. (valora 0 -5 i fes els comentaris que

creguis convenients)
4. Es una innovadi interessant ja que permet etiquetar i avaluar les intervencions.

2. Com creus que la nova eina ha incidit en el grau quantitatiu i qualitatiu deal@aeticipadd. (valora 0 -5 per cada un dels dos
aspectes i fes els comentaris que creguis convenients)
4i 4. El fet de poder organitzar-se per fils de disaugsi millor.

3. Quin paper creus que ha jugat la nova eina en I'alta partiéigesolida en el debat, com tagnén la qualitat de la participdci
(valora 0 -5 per cada un dels dos aspectes i fes els comentaris guesaenvenients)
4. Crec que ha estat elevada, tot i que en ser I'activitat obligaitpuntuable per la PAC n@si aixo hi influeix.

4. En comparadials espais dedfum i debat tradicionals de I'aula, quines millores i avantatges creuprgporciona la nova eina
per a la realitzadi dels debats? Quines mancances, problemes i/o inconvenients cegsegpecte als espais de I'aula?

- Possibilitat d’avaluar i etiquetar les intervencions.

- Possiblitat suposo, pel professor, de treure éstigdes de la participati

Inconvenients:
- Entorn fora del qués el campus virtual, manca d’integraci

- Dificultat inicial d’aprendre I'entorn (usabilitat).

5. Quines millores introduiries a I'eina per millorar el suport goealals debats i als participants.

- Possibilitat de tancar les banderetes d’'una sola vegada i d’avaluem filsnjunt. Fer-ho un a u&s lent i es fa pesat.
- Afegir eines de xat i videoconféncia.

- Possiblitat de penjar videos i col.laborar a temps real (web 2.0).
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Table 6.6: Main statistics extracted from the sixth expezéeusing both discussion tools.

Statistics ST DF
Number of students 141 139
Number of threads 60 10
Total of posts 140 242

Mean number (posts/thread) M=2.3 SD=2.2 M=24.6 SD=4.1
Mean number (posts/student) M=1.0SD=4.9 M=1.7 SD=5.2

Experience #6 - Spring term 2008

Course: Software Engineering (EP)

Assignment type and duration: Two-class discussion activity for 14 day
e Participation type: Optional
e Discussion tools: UOC'standard too(ST) andDiscussion ForunfDF) version 0.6 (prototype)

e Potential participants: 141 (ST) + 139 (DF) undergraduate studewtsgeaup from two class rooms

Statistic results

See Table 6%

3Please note that, in this particular case, the number of D§cuigsion threads were predefined and open by the lectuseaithe beginning of the
discussion. Also note the high SD statistics of both toolth&posts/student mean. This may be interpreted by the optiooathe assignment and
some students contributed a great deal while many others clob$e participate
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APPENDIX B: Software development effort

The motivation of this appendix is to shed light on the sofevdevelopment effort made as the major contribution to
this thesis. Indeed, among other small developments, giwitant software development projects of different size an
purpose have been carried out over the last 5 years to priwld@®mputational support to the the theoretical framekgor
and conceptual models proposed in this thesis.

This brief overview shows the individual development dffoade in a structured way in order to both ease its consul-
tation and provide useful information on where to locateycload, and how to use this software. In overall, over 1,000
pages of technical documentation in the form of deliverableve been generated as well as over 200,000 lines of sourc
code in different programming languages (e.g., Java, PHB)MWS&nd Python), among other development issues. This
entire product can be reached via the Web links below (Wéds las of April 2008).

Finally, the whole development has been supported by uSjmgn Sourc€Webber, 2005) technologies only, such
as Apache web serverApache Tomca&t Apache Axi§, PHP, Jav&, Pythorf, Zope?, Ploné!, PEAR?, ZSI*3, and

PostgreSQt#, and the entire software is to be registered to SourcefFdegenmunity shortly .

General Purpose Library

See Table 6.7.

4The Apache Web Server project is an open-source HTTP saswenddern operating systems including UNIX and Windows NTs ltoiund at:
http://httpd.apache.org/ (Web site as of April 2008)
5The Apache Tomcat is an Open Source JSP and Servlet Containettfe Apache Foundation project is found at: http:/tonagetche.org/ (Web
site as of April 2008)
6The Apache Axis project develops a Java platform for creadind deploying web services applications. It is found ap:Hvs.apache.org/axis/
(Web site as of April 2008)
"PHP is a server-side HTML embedded scripting language. ¢tiad at: http://www.php.net/ (Web site as of April 2008)
8Java is a programming language originally developed by Sumdgfjstems and released in 1995. It is found at: http:/javacem/ (Web site as
of April 2008)
9Python is an interpreted, interactive, object-orientatbmsible programming language. It is found at: http://wwithpn.org (Web site as of April
2008)
10zope is an open source application server for building aunteanagement systems, intranets, portals, and custom apigalt is found at:
http://plone.org/ (Web site as of April 2008)
11plone is a Open Source Content Management System (CMS)oltiisifat: http://www.zope.org/ (Web site as of April 2008)
12The PHP Extension and Application Repository (PEAR) is anfrvork and distribution system for reusable PHP components. found at:
http://pear.php.net/ (Web sire as of April, 2008)
13The Zolera SOAP Infrastructure (ZSl), is a Python package fitovides an implementation of SOAP messaging. It is foundpgiveb-
svcs.sourceforge.net/zsi.html (Web page as of April 2008)
14postgreSQL is a powerful, open source relational datatyssers. It is found at: http://www.postgresgl.org/ (Web siseof April 2008)
155ourceForge is the world’s major open source software desedat web site, located at: http://sourceforge.net/ (Webasi of April 2008)
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Table 6.7:GPL project: Description and development effort.

Project description

The General Purpose Library is made up of components oflgreat

generic use that creates the skeleton for the constructioonoplex systems
requiring the management of the users interacting withystesn and optimization
of the system’s resources.

Start date and current version

September 15, 2002; v1.0 June 20, 2003

Development docs

http://clpl.uoc.edu/docs/GPLdevelopment.zip

Source code

http://clpl.uoc.edu/src/gpl-java.zip

Binaries

Web site / API

http://cv.uoc.ed@caballe/tfc/api

Size and development effort

210 pp UML-based specification and design
8,000 Java code lines (approx)
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Collaborative Learning Purpose Library

See Table 6.8.

EventExtractor

See Table 6.9.

UOCLogsProcessing

See Table 6.10.

Discussion Forum

See Table 6.11.

Communities of Learning Practice Environment

See Table 6.12.
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Table 6.8:CLPL project: Description, downloads, and development effort.

Project description The Collaborative Learning Purpose Library (CLPL)
creates the skeleton for the construction of specific
Computer-Supported Collaborative Learning (CSCL) ajgpitns.
The component development is based on the Generic Progragmparadigm
permitting their complete and effective reutilization kit the CSCL domain.
This library is made up of five components and represents
a particularisation from the Generic Purpose Library (GPL)
which is indispensable to be able to use the CLPL.

Start date and current version October 1, 2003; v1.1 January 31, 2008

Development docs http://clpl.uoc.edu/docs/CLPLdevelopment.zip

Source code http://clpl.uoc.edu/src/clpl-java.zip (Java version)
http://clpl.uoc.edu/src/clpl-wsdl.zip (web-servicasien)

Binaries http://clpl.uoc.edu/bin/clpl.zip

Web site / API http://clpl.uoc.edu/

http://clpl.uoc.edu/downloads/CLPL1.1released.zip

Size and development effort 430 pp UML-based specification and design
20,000 Java code lines (approx)
156,000 WSDL code lines (approx)




Table 6.9:EventExtractor project: Description, downloads, and development effort.

Project description

Log file processor for the BSCW application.
This application runs offline on the same machine as the BS&wés

and uses the daily log files generated by the BSCW server atsofas to:

(i) identify the event boundaries inside the log file,

(i) map specific information contained in these events abou
users, objects, sessions, etc. to typed data structurs, an
(iii) store these data structures in a persistent support.

Both sequential and grid versions are available

Start date and current version

December 11, 2004; v4,0 August 31, 2006

Development docs

http://clpl.uoc.edu/src/EventExtractor.zip

Source code

http://clpl.uoc.edu/src/EventExtractor.zip

Binaries

http://clpl.uoc.edu/src/EventExtractor.zip

Web site / API

http://clpl.uoc.edu/src/EventExtractor.zip

Size and development effort

2,000 Java code lines (approx)

1049 uawdojanap arem)os g XIaN3IddV
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Table 6.10:UOCLogsProcessing project:Description, downloads, and development effort.

Project description

Log file processor for the UOC virtual campus.

UOCLogsProcessing application runs offline on the same mads the

logging application server. It uses, as an input, the datyfiles of the virtual campus

obtained as a result of merging all web servers’ log files.

The following process is run:

(i) identify the log entries boundaries and extract the figltht make up each entry,

(ii) capture the specific information contained in the fieddi®ut users, time, sessions, areas, etc.,
(iii) infer the missing information,

(iv) map the information obtained to typed data structuaes,

(v) store these data structures in a persistent support.

Start date and current version

March 30, 2006; v2.0 May 31, 2006

Development docs

http://clpl.uoc.edu/src/UOCLogsEXxtractor.zip

Source code

http://clpl.uoc.edu/src/lUOCLogsExtractor.zip

Binaries

http://clpl.uoc.edu/src/lUOCLogsExtractor.zip

Web site / API

http://clpl.uoc.edu/src/lUOCLogsExtractor.zip

Size and development effort

1,200 Java code lines (approx)




Table 6.11:DF project: Description, downloads, and development effort.

Project description

The Discussion Forum is a

web-based knowledge-based structured collaborativaiteasystem
aiming at supportting and fostering collaborative knowletuilding
by means of asynchronous discussion process.

It provides essential functional support for discussiaeahls,
dialogs and contributions. It extracts relevant knowledge

about group activity in order to provide learners and tutaith
efficient awareness, feedback, and monitoring

as regards learners’ performance and collaboration.

Start date and current version

January, 15, 2007; v0.8 January 31, 2008

Development docs

http://clpl.uoc.edu/docs/DiscussionForumSpecificapdf
http://clpl.uoc.edu/docs/DiscussionForumDesign.pdf

Source code

http://clpl.uoc.edu/src/df.zip

Binaries

http://clpl.uoc.edu/src/df.zip

Web site / API

http://clpl.uoc.edu/df/

Size and development effort

200 pp UML-based specification and design
8,000 PHP code lines (approx)

90,000 Java code lines (approx)

1,000 configuration lines (approx)
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Table 6.12:CoLPE project: Description, downloads, and development effort.

Project description

Communities of Learning Practice Environment is a
technology-enhanced learning tool to support asynchred@cussion
in communities of formal learning practice.

It provides essential functional support for democratmugware.

It extracts relevant knowledge about group activity in oftdeprovide
learners and tutors with efficient awareness, feedback,

and monitoring as regards learners’ performance and auhdion.

Start date and current version

September, 1, 2007; v0.6 February 23, 2008

Development docs

http://clpl.uoc.edu/docs/CoLPESpecification.pdf
http://clpl.uoc.edu/docs/CoLPEDesign.pdf

Source code

to be completed

Binaries

to be completed

Web site / API

http://clpl.uoc.edu:8080/colpetest

Size and development effort

220 pp UML-based specification and design
Unknown Zope/Plone-based, Python and Java code effort




