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Abstract

The integration of external tools in Virtual Learning Environments (VLES) aims at enriching the
learning activities that educational practitioners may design and enact. Traditionally, external
tools have been integrated by means of ad hoc developments, this solution being very inefficient
as the number of VLEs and tools employed by practitioners increases. Besides, those generic
approaches tackling the integration of multiple external tools in multiple VLEs have not found
a broad adoption, mainly because of the high development effort required to integrate new tools
and VLEs, and the restrictions imposed on VLE and tool providers. Some recent works tried
to overcome these two limitations by proposing a lightweight integration of tools. Nevertheless,
these works do not facilitate the instantiation and enactment of collaborative learning situations,
which significantly precludes practitioners from employing VLEs distinctive collaborative features

for the management of users and groups.

This dissertation proposes a middleware integration architecture called GLUE! (Group
Learning Uniform Environment) that enables the lightweight integration of multiple existing
external tools in multiple existing VLEs, overcoming these limitations. GLUE! fosters this in-
tegration by imposing few restrictions on VLE and tool providers, as well as by expecting an
attainable effort from developers. Besides, GLUE! facilitates the instantiation and enactment of
collaborative learning situations within VLEs, leveraging the VLEs distinctive features for the
management of users and groups. By means of GLUE! practitioners may use external tools as

if they were VLE built-in tools, and without having to give up the VLEs they are used to.

GLUE! has been evaluated using three authentic collaborative learning situations that were
designed to meet the pedagogical needs of three different higher education courses. These three
situations were employed in four different experiments involving real educators and students.
The results of this evaluation show that GLUE! allows the instantiation and enactment of col-
laborative learning situations that require the integration of external tools, reduces the burden
associated to the instantiation of complex collaborative activities, and facilitates students the
realization of these activities in collaboration. Interestingly, the development effort required by
the proposed integration software was similar to that in other lightweight generic approaches

that offer a lower degree of functionality.






Resumen

La integracion de herramientas externas en VLE ( Virtual Learning Environments - Entornos de
Aprendizaje Virtual) tiene como objetivo enriquecer las actividades de aprendizaje que los profe-
sionales de la educacién pueden disefiar y poner en marcha. Tradicionalmente, las herramientas
externas han sido integradas mediante desarrollos ad hoc, siendo esta soluciéon muy poco eficiente
a medida que aumentaba el nimero de VLE y herramientas utilizados por estos profesionales.
Ademsés, aquellas aproximaciones genéricas que abordan la integracion de miiltiples herramientas
en miltiples VLE no han conseguido obtener una amplia adopcién, principalmente debido al alto
esfuerzo de desarrollo necesario para integrar nuevas herramientas y VLE, y a las restricciones
impuestas sobre los proveedores. Algunos trabajos recientes han intentado superar estas dos
limitaciones proponiendo una integracién ligera de herramientas. Sin embargo, estos trabajos no
facilitan la instanciacién y puesta en marcha de situaciones de aprendizaje colaborativo, lo que
impide de forma significativa que se puedan emplear las propiedades colaborativas especificas

que proporcionan los VLE para la gestiéon de usuarios y grupos.

Esta tesis propone una arquitectura middleware de integracion denominada GLUE! ( Group
Learning Uniform Environment - Entorno Uniforme de Aprendizaje en Grupo) que permite la
integraciéon ligera de multiples herramientas externas existentes en miltiples VLE existentes,
superando estas limitaciones. GLUE! fomenta esta integracion imponiendo pocas restricciones
sobre los proveedores de VLE y herramientas, asi como demandando un esfuerzo asumible por
parte de los desarrolladores. Ademas, GLUE! facilita la instanciacion y puesta en marcha de
situaciones de aprendizaje colaborativo desde los VLE, aprovechando las propiedades especificas
de éstos para la gestion de usuarios y grupos. Por medio de GLUE!, los profesionales de la
educacién pueden utilizar herramientas externas como si fueran herramientas nativas de los

VLE, y ademas sin tener que renunciar a los VLE a los que estan acostumbrados.

GLUE! ha sido evaluado con la ayuda de tres situaciones de aprendizaje colaborativo
auténticas, las cuales fueron disenadas para cubrir las necesidades pedagdgicas de tres cursos
de educacién superior. Estas tres situaciones se utilizaron en cuatro experimentos diferentes
con educadores y estudiantes reales. Los resultados de esta evaluacion mostraron que GLUE!
permite la instanciacién y puesta en marcha de situaciones de aprendizaje colaborativo que
requieran la integraciéon de herramientas externas, reduce la carga asociada a la instanciacién de
actividades colaborativas complejas, y facilita a los estudiantes la realizaciéon de estas actividades
en colaboracién. Curiosamente, el esfuerzo de desarrollo necesario por el software de integracién
fue similar al de otras aproximaciones de integracién genéricas que ofrecen un menor grado de

funcionalidad.
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Chapter 1

Introduction

The use of Information and Communication Technologies (ICTs) in many different domains
like medicine, industry, or education [Abb01] is changing society in a way that some years ago
would have been difficult to foresee [Duq05|. The quick rise of Internet, web technologies, wireless
networks and mobile devices have led to the adoption of ICTs not only at work or at school,
but also in our daily lives, in a very short period of time |[Pel01]. This offers the opportunity of
ubiquitous communication among people around the world, as well as ubiquitous access to many
services and data [Tho08|.

Education takes advantage of these trends regarding ICTs in a field of study called
Technology-Enhanced Learning (TEL) [Joh04], which has been under research for more than
two decades |[Gul08]. TEL studies the support of learning activities through technology at
different levels, from primary school to higher education [Bat03], and at different contexts, in-
cluding formal and informal learning [Era04,|Fol06], but considering the challenges involved in
the lifelong learning process |[Sha00|. Research on TEL also includes distance learning (some-
times referred as e-learning) [Rosll|, face-to-face learning and blended learning |Osg03|, which
combines traditional face-to-face and online activities. The important community of researchers
working on TEL can be exemplified through outstanding active projects, such as STELLARE]
(with more than fifteen research partners working on this project all over Europe), specific calls
on this topic in several international funded programmes, like The Seventh Framework Pro-
grammeﬂ, as well as through numerous specific journals, conferences, and recent publications on
this field [Bal09}|Hak0§|.

Within TEL, Computer Supported Collaborative Learning (CSCL) |[Kos96| constitutes a
multidisciplinary paradigm in which ICTs are used to facilitate the social and effective interac-

tions among participants in the acquisition of knowledge and skills [Dil99,Mat97|. Practitioners

"http://stellarnet.eu, Last visited: June 2012.
"http://cordis.europa.eu/fp7/home_en.html. Last visited: June 2012.
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with different backgrounds on psychology, education or technology generally participate in the
development of CSCL systems, which are software applications that support the design, instan-
tiation and enactment of collaborative learning situations [Her06b, Kop05|. In the same way that
TEL, CSCL also presents an important community of researchers, as it can be seen in active
projects such as Euro—CAT—CSCIE], an international project with partners from three different
countries funded by the FEuropean Commission, as well as in numerous journals, conferences, and
recent publications on this topic [Bud08},Dil09].

According to [Dil99], collaborative learning situations are those that lead to the achieve-
ment of learning through collaboration. Authors in [Osu99| analyze five features that describe
collaborative learning situations. The first feature is the social configuration, which comprises
the description of the participants and their roles (student, educator, administrator, instruc-
tional designer, etc.), as well as the group structure [Mar04]. The learning objectives express
both the individual and group goals that the participants must achieve during the enactment
of the situation; these goals should be formalized in the design of the collaborative learning
situation [Dil02a]. The situation has a structure, which can be decomposed in a set of activi-
ties |Gif99], each oriented to the accomplishment of a set of tasks [Dil02al; this structure can
sometimes be organized following a certain order of activities, thus forming a sequence of activi-
ties [Dal03|. Here, it is important to point out that collaborative learning situations may include
both individual and collaborative learning activities [Osu99,Sta06|. In structured collaborative
learning activities, participants can build strong relationships in order to achieve a common goal;
as opposed to unstructured collaborative learning activities, in which participants do not share
goals, and a minimum dependency among them is required [Chi02|. Another feature that should
be defined is the set of resources supporting each learning activity [Her0O6a|; these resources may
be tools, resources or other artifacts [Pal08|. Finally, the situation happens in an environment,
in which participants find the structure of activities, tools and resources, and in which the ob-
jectives and the social configuration can be explicitly defined [Bak97|. In order to achieve more
effective interactions, these CSCL environments and their resources should be personalized for
each participant, depending on its role and group in each activity, and on the objectives that
must be reached [Ase08].

Historically, the evolution of CSCL environments (also referred as CSCL systems) started
with small isolated software tools or applications like emails, chats, or instant messengers, that
were originally designed to facilitate the communication among users [Sta06|. These tools were
later arranged into CSCL software environments, which provided several forms of pedagogical
scaffolding for collaborative learning, and included additional shared tools like calendars or edi-
tors. As an example, C-CHENE [Bak96|, whose purpose was to facilitate the learning of concepts

in physics through modeling, was one of the first CSCL environments, and included some specific

%http://cat-cscl.eul Last visited: June 2012.
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collaborative tools like an energy chain editor. However, these first CSCL systems promoted an
unstructured collaboration among users, as no tutor could explicitly define the learning objec-
tives, neither a script could be formalized with the sequence of activities that should be realized
and the shared objectives that should be achieved in each activity [Dil02a]. The use of scripting to
guide learners through collaborative learning situations is a common practice to structure collabo-
ration, and has been demonstrated to increase the effectiveness of interactions and learning among
students [Dil02a]. According to authors in [Gom09,Her06a], scripted collaborative learning has a
life cycle comprising four phases: the design phase, in which educators (or instructional designers)
define the computational support, the structure of activities, the learning objectives, the group
structure (but not the specific components belonging to each group), and the tasks that tools
and resources should support in each activity (e.g. synchronous text editing) |[Kop05, Mia05];
the instantiation phase, in which educators populate the groups, select the specific tools sup-
porting the activities [IMS03|, create the different tool instances [Bot08|Per10| for each group
in each activity, and customize the environment according to the needs of each participant; the
enactment phase, in which students (or learners) carry out the activities defined for the collabo-
rative learning situation, being monitored by educators (or monitors) [Dil07], which can mediate
to promote the learning process; and the evaluation phase, in which educators (or evaluators)
assess the acquired knowledge and skills of students [Dil02a, Vil09].

Next generation CSCL environments allowed the definition of different roles (characteriz-
ing, for instance, educators, students and administrators with different permissions in the learning
environment), and facilitated the structuring of collaborative learning situations through scripts.
Some examples of pioneering CSCL environments that supported the use of roles and scripting are
Universanté |[Ber01], a specific purpose system aimed at learning about public health problems,
and Gridcole |[Bot05], a general purpose system that could be tailored to adjust to educators’
needs. At that historical moment, the term Virtual Learning Environment (VLE) |[App99,Dil00|
was coined to define those CSCL systems that, like Universanté or Gridcole, supported a role
hierarchy in which the educator was the main actor, and that provided a shared customizable
workspace for the realization of structured individual and collaborative activities. Nevertheless,
a formal definition for VLE has not been agreed in the community of researchers, and some-
times terms like Learning Management System (LMS), Content Management System (CMS),
Learning Content Management System (LCMS), Managed Learning Environment (MLE), or
simply, Learning Platform (LP) are used as synonyms of VLE. Interestingly, some papers point
out minor differences among these terms. For example, authors in [Dvoll] see VLE and LMS as
interchangeably names that refer to software systems designed to support teaching and learning
using browsers, and that include tools likes quizzes, wikis, or blogs, while CMS is the term
employed to designate centralized data repositories that allow publishing, editing and reading

general purpose content.



In this dissertation, a VLE is defined as an educator-centered system that allows the
design, instantiation, enactment, and evaluation of collaborative learning situations through a set
of synchronous/asynchronous, face-to-face/distance, individual /collaborative learning activities,
which are supported by a collection of available tools and resources; this definition is consistent
with the most common use of the term VLE in the literature (see for example |Dil02b,|Sti07,
Wel06,/Xu05|). Nowadays, the most commonly used VLE is Moodleﬁﬂ with more than 66,000
installations in 216 counties as of this writingﬂ Nonetheless, some other outstanding examples
of VLEs that educators are largely using worldwide are LAqu (Learning Activity Management
System), .LRNFf] (Learn, Research, Network), Sakaﬂ Blackboardm, ClarolineE] or SharePoint
IRV L]

In the last decade, VLEs have quickly become mainstream, especially for distance and
blended learning, both in academia [Dun03,Wel06| and industry [Mor03|. However, some practi-
tioners and researchers on the field consider that VLEs are too much focused on meeting the needs
of institutions, rather on the own learners’ needs [Sev08|. Therefore, a research trend propos-
ing more student-centered software alternatives, which can be grouped under the term Personal
Learning Environment (PLE) |Att07, Har06,[Wil06|, has strongly emerged in the last few years.
Despite the term PLE is relatively new, some research works on this topic, like Symba |Bet03],
which promoted the personalization of the learning environment by the own students, were pub-
lished almost a decade ago. On the contrary, some other practitioners and researchers understand
that educators should be responsible for providing learners with adequate learning resources and
tools, in order to develop intended knowledge and skills systematically [Muell,[Wel07a|, as it
generally happens in VLEs. Nevertheless, they all agree on the fact that PLEs will not replace
VLEs, since both can coexist, or even merge, depending on the learning scenarios and pursued
objectives. For example, authors in [Wil06| suggest that PLEs will become dominant on informal
learning and competence-based learning, while VLEs will be preferred for formal education. At
this point, it is important to note that this dissertation focuses its research scope on VLEs, but
the expected contributions that will be defined later in this chapter, could also be useful for
PLEs, as well as for other environments that might be employed for collaborative learning, such

as wikis [Aug04] or social networking sites [Lip02].

“http://moodle.org. Last visited: June 2012.

5Originally an acronym for “Modular Object-Oriented Dynamic Learning Environment”, although this acronym
is not used anymore.

Shttp://moodle.org/sites. Last visited: June 2012.

"http://lamsinternational.com. Last visited: June 2012.

®http://openacs.org/projects/dotlrn. Last visited: June 2012.

®http://sakaiproject.org. Last visited: June 2012.

Yhttp://blackboard.com. Last visited: June 2012.

Yhttp://claroline.net. Last visited: June 2012.

2http://sharepointlms.com. Last visited: June 2012.
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1.1. Research problem of the dissertation

Nowadays, VLEs are one of the most widespread systems for the support of collaborative
learning situations [Wel07b|. Most VLEs, such as Moodle, LAMS, Sakai or Blackboard support
the features described in [Osu99| to foster learning through collaboration. In this regard, they
allow the definition of a social configuration based on roles and groups, the structuring of the
situation in activities, courses and/or lessons with predefined learning objectives, and the use
of several built-in tools and resources in each activity. Besides, they can also support the four
phases defined in the life cycle of scripted collaborative learning |[Gom09,Her(06a|, although only
a few of these VLEs (e.g. LAMS) promote the formalization of scripts. Therefore, educators can
typically design and instantiate individual and collaborative learning activities within VLEs that
students enact afterward, their acquired knowledge and skills being evaluated by the educators
after the completion of the activities. The actual implementation of these four phases (design,
instantiation, enactment, and evaluation) depends on the learning strategy and the architecture
of the VLE. For instance, Moodle does not explicitly separate design, instantiation and enact-
ment, since it is based on the philosophy of pedagogical bricolage, according to which educators
can refine and iterate over the learning design as the activities are being carried out [Ber05|. On
the other hand, LAMS explicitly distinguishes between design, instantiation and enactment in
three different internal environments (authoring, monitoring and learning environments) aimed
at different actors [Dal03|. However, there exists some overlapping in the way these three phases
are implemented in LAMS, since the selection of specific tools, which is due at the instantiation

phase, is made at design time within the authoring environment.

In any case, those practitioners designing and instantiating collaborative learning situations
through VLEs must indicate, at some point, the set of tools they want the learners to employ
in order to carry out the activities defined for the situation. VLEs typically include a limited
set of ten to twenty built-in tools, both for individual or collaborative purposes. These tools
can be added to the learning activities, in order to facilitate students the completion of the
intended tasks. Some examples of tools that appear in the distribution of the main VLEs are
chats, forums, notice boards, questionnaires and polls |[Col07,Dal03]Uzu06]. However, the actual
implementation and functionality offered by each of these tools also depends on the specific VLE;
for instance, the implementation of the Moodle chat differs from that in the LAMS chat. Built-in
tools are usually designed for general purpose tasks and so, they can support common learning
activities in different learning contexts. Nevertheless, the reduced set of VLE built-in tools is
frequently criticized by educational practitioners, who consider it an important limitation to

support a wide range of learning activities [Bow11,Dag07, Fie07, Liv0§|.

Apart from the evidences of this problem found in the literature, a set of interviews per-

formed as a preliminary work for this dissertation helped to gain insight into the reasons educators
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have to be unsatisfied with VLE built-in toold™] One of the reasons educators argue is that they
expect to find in VLEs the same tools they usually employ in their classes, such as generic presen-
tation tools, or specific simulators and processors (e.g. “I would like to have a shared whiteboard
and a network simulator in my VLE for my Advanced Networking course”). The motivation for
this assertion comes from the reduced number of available tools in VLEs, which is even more
reduced when specific purpose tools are required. In some other cases, the functionality of the
VLE built-in tools does not come up to the expectations of educators (e.g. “Moodle allows me to
link a web content as a resource, but I cannot configure this resource in a different way for each
of the groups I need to define in my course”). In addition, some practitioners are used to cer-
tain concrete tools, favoring them ahead of VLE built-in tools (e.g. “I frequently employ Google
Spreadsheet@ to create my spreadsheets, and so, I prefer it to the equivalent spreadsheet tool in
LAMS”). The educator that made this comment also stated that he is sometimes unwilling to try
new tools because of the extra time and effort that may take. Finally, educators can be managing
information and contents in other applications or services, thus requiring an easy way to include
them in their regular VLE (e.g. “I manage a Medeisz distribution in which I prepare my
master courses, and I would like to link its content to our institutional VLE, Moodle, instead of
using the default Moodle wiki”). This educator also mentioned that a single centralized platform
for the enactment of his lessons and the supplying of extra material is essential to deliver his
courses. The conclusion of these interviews together with the cited references in the literature
is that the restricted set of available built-in tools in existing VLEs hinders and even precludes

from designing, instantiating and enacting many individual and collaborative learning activities.

The problem with the restricted set of built-in tools in learning platforms might seem
recent, but it is not new at all. In fact, three different research lines have been historically
proposed to overcome this problem. Pioneering works aimed at developing new flexible and
tailorable VLEs, which were specifically designed to facilitate the addition of external tools. This
is the case, for instance, of DARE [Bou01|, Symba [Bet03| or Gridcole [Bot05, Bot08], and more
recently, Pelican [Vel09]. The main limitation of these new VLEs was that they were conceived
to replace other existing and popular VLEs. Unfortunately, educators and students that are
used to a given VLE in their classes are typically reluctant to embrace a new one, sometimes
because of the learning effort and the adaptation period required, and sometimes because their
institutions force them to use a particular, institutional VLE [Alal0a]. In addition, these flexible
and tailorable VLEs were the outcomes of research projects that never become stable products,

thus hindering their adoption by those potentially interested. Some other authors decided to

13The comments quoted in this paragraph were collected from semi-structured interviews with six educators with
extensive experience in learning design and collaborative learning, working in the School of Telecommunication
Engineering at the University of Valladolid (Spain). This comments are employed as additional evidences to
support the general discontent of practitioners with VLE built-in tools

“http://docs.google.com. Last visited: June 2012.

Yhttp://mediawiki.org. Last visited: June 2012.
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develop tools from scratch for certain VLEs. This is the case of many Moodle modules and
pluging™| [Gut09] or Blackboard Building Blocks [Pit03] that extend the set of available tools
in Moodle and Blackboard, respectively. These tools may provide the functionality expected
by some educators combined with the native VLE features, and occasionally, they have been
adopted by the own VLE providers, and even packaged in subsequent official releases of these
VLEs. Nevertheless, those educators that normally employ other VLEs, such as LAMS or Sakai,
cannot add Moodle plugins or Blackboard Building Blocks for the support of their learning
activities. Besides, these tools might also be replacing existing tools with a similar functionality,
and so, once again, educators and students should assume an additional learning effort and
adaptation period to master these newly developed tools. Both alternatives resulted in a lack
of widespread adoption of related works, causing the quick rising of a third alternative: the

integration of existing external tools in existing VLEs [Fon09,Fuelll|Sev0§|.

The integration of existing external tools in existing VLEs aims at offering practitioners
a larger set of available tools in their commonly used VLEs for the support of their learning
activities [Fuell|. Researchers and developers working on this line are especially encouraged by
the recent spread of web technologies [Pau08| and the growth of Web 2.0 [ORe07|, which brought
an explosion of third-party software tools used more and more by practitioners, in principle,
outside of VLEs [Wel07b|. Furthermore, many of these tools are freely available for education
(and in some cases for any other use), which makes them very interesting for schools, colleges or
universities that cannot afford multiple software licences for commercial applications. Examples
of freely available tools are Google Appd '} Twitter S| Wordpresd™} Flicki®] or Doodld?T] A clear
sign of the success of software tools in education is the publication of lists with the most useful
tools that educators are employing in their classrooms. In particular, the Centre for Learning
& Performance Technologies (C4LPT) updates every year its well-known Top 100 Tools for
Learning siteP_Z] with the most outstanding educators’ preferences regarding applications, web
sites, learning platforms and hardware devices. Another example is the Cool Tools for Schools
wiki@ which indexes a lot of Web 2.0 tools, arranged according to their main educational task
(e.g. drawing tools, mapping tools, audio tools, etc.). The huge number of software tools available
for education, the popularity of VLEs, and their limitations regarding built-in tools, motivate
the significant number of research works that are tackling the integration of existing external
tools in existing VLEs [Bol07,Boo09}Bla09, Dod08\|[Fon09, Fuel 1, TMS06¢c, Sev08|.

Yhttp://moodle.org/plugins. Last visited: June 2012.
Yhttp://google.com/apps/intl/en/edu. Last visited: June 2012.
"®http://twitter.com. Last visited: June 2012.

Yhttp://wordpress.org. Last visited: June 2012.

*Ohttp://flickr.com. Last visited: June 2012.

*'http://doodle.com. Last visited: June 2012.
*?http://c4lpt.co.uk/recommended/2011.html, Last visited: June 2012.
Z3http://cooltoolsforschools.wikispaces.com. Last visited: June 2012.
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Nevertheless, the integration of a tool in a VLE is not an easy task mainly due to two
reasons. First, each VLE and each tool typically imposes different heterogeneous requirements
to enable their functional extension and technological interoperability with other systems. These
requirements are included in the integration contracts |Ghi06,Lar02|, these contracts being ex-
plicit or not. An integration contract determines, at least, the technologies, the interfaces, and
the data models that must be employed to enable the communication between the system that
imposes such contract and other applications [Alal2a]. In general terms, the more requirements
defined in the integration contracts, the tighter the integration, and the richer the communication
that can be established between VLEs and tools; as opposed to contracts with few requirements
that promote loose integrations, but normally at the expense of a poorer communication between
VLEs and the tools [Pau09|. Second, a developer must program the code needed to enable the
communication between a VLE and a tool contract. The role of developer can be played by
anyone interested in that integration; this may include the VLE provider, the tool provider, or
a third-party [AlalOa]. Those programming this code will usually expect a benefit in return.
This benefit could be recognition, reputation, economic compensations, or the satisfaction to
use (or let others use) the integrated tools within VLEs. Research works tackling the integra-
tion of external tools in VLEs should thus consider in their proposals the expected developers;

otherwise, it might happen that nobody develops the aforementioned code.

The development of the code that enables the interoperability between a VLE contract
and a tool contract thus demands a certain development effort [AlIb83|. Nevertheless, this de-
velopment effort is significantly high in most integration approaches, mainly due to two factors.
First, many of these approaches foster a one-to-one integration between VLEs and tools. This
implies that new code must always be developed for each new VLE-tool integration, as it happens
with most of the Moodle plugins aimed at integrating existing external tools in this VLE. For
example, if a developer assumes the effort to integrate Flickr in Moodle using Moodle’s own
extension mechanism (i.e. the Moodle integration contract), he could barely reuse either the
generated code or the acquired knowledge, when integrating Flickr in LAMS, Sakai or Black-
board. Second, many approaches promote a tight integration [Ort90] between VLEs and tools.
This requires generating an important amount of extra code aimed at enabling richer interac-
tions among them, even if these interactions are not necessary for the support of most learning
situations. The IMS Learning Tools Interoperability (IMS LTT) specification [IMS06¢| (popu-
larly referred as to Full LTI) and the CopperCore Service Integration (CCSI) framework |[Vog06|
are two examples of integration proposals that entail a high development effort because of this
second factor. The lesson that can be learned from these and other similar works is that a
high development effort limits the adoption of integration approaches, since it may discourage
developers to contribute to the integration of new tools and VLEs, also reducing the interest of

practitioners and institutions on these approaches.
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Trying to address these issues, two works were recently proposed with the aim of reducing
the development effort, by fostering a many-to-many integration between VLEs and tools, and
following loosely-coupled approaches. This is the case of Apache Wookie (Incubating)@ a refer-
ence implementation of the software architecture proposed in [Wil08|. Apache Wookie enables
the integration of different software applications, provided that they are developed following the
W3C (World Wide Web Consortium) Widgets specification [W3C11|. Nevertheless, this can be
considered a very strict technological restriction that hinders the possibility of integrating
many other existing tools that do not fulfill this restriction (e.g. Google Apps, Wordpress, etc.),
although these tools could be of great interest to support many learning activities. Therefore, this
restriction reduces the set of external tools integrated through Apache Wookie that educational
practitioners might use in their learning situations. Besides, the W3C Widgets specification
was defined to standardize simple tools or mash-ups, thus also limiting the functionality of the
external tools that can be integrated. The conclusion is that the imposition of strict technologi-
cal restrictions, like those in Apache Wookie, may discourage institutions and practitioners from

adopting this and other approaches that also present this limitation.

Another work that has recently been proposed with the aim of reducing the development
effort, by fostering a many-to-many integration, and following a loosely-coupled approach, is IMS
Basic LTT (Basic Learning Tools Interoperability) [IMS10b|. Basic LTI is a specification defined
by the IMS GLC (IMS Global Learning Consortium) as a subset of the aforementioned Full
LTT [IMSO06¢]|, although they both were merged this year in one single specification called simply
LTI |[IMS12|. Basic LTI enables an easier integration of a wide range of existing external tools
in existing VLEs. However, Basic L'TT also presents an important limitation: it just enables
the retrieval of a generic instance for each external tool. As a consequence, Basic LTI does
not allow educators to request a separate creation and particularization of tool instances for
each group defined in each learning activity, not being responsible for the management of the
user and group access to the functionality and content of external tool instances. Therefore,
Basic LTI cannot take advantage of the collaborative features provided by VLEs, such as the
management of groups to set the social configuration during the design and instantiation of
collaborative learning situations [Mar04,|Osu99|; nor the personalization of the integrated tools,
in order to achieve more effective interactions among students during the enactment of these
situations |Ase08|. In other words, Basic LTI is a very limited integration approach to support
the instantiation and enactment of collaborative learning situations. This limitation
can motivate that many educational practitioners and institutions that promote the collaboration
among learners in their practices may discard Basic LTI or other similar integration approaches

that also present this limitation.

*http://incubator.apache.org/wookie. Last visited: June 2012.
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Considering all these issues, current integration works present three important limitations
that hinder their widespread adoption for the support of collaborative learning situations. A
solution that could overcome these limitations would be the definition and implementation of a
middleware integration architecture [Bri04] that: fosters a many-to-many integration and follows
a loosely-coupled approach in order to reduce the development effort; imposes only restrictions
that most VLE and tool providers currently meet; and facilitates the instantiation and enactment
of both individual and collaborative activities that require the integration of external tools, by
enabling the creation and configuration of external tool instances according to the social con-
figuration defined in VLEs. Besides, this architecture should be compatible with other existing
loosely-coupled integration approaches, so that the adoption of one of them does not preclude
from using the others. Finally, and as an historical note, it is noteworthy that some of the main
ideas regarding tool integration through loosely-coupled approaches emerged at the heart of the
GSIC—EMI@ research group [Ase08,Bot08| in which this dissertation is being developed, and
have been confirmed by some of the aforementioned recent integration works like Apache Wookie
and Basic LTT.

1.2. Objectives and contributions

The previous section described the three main limitations of current research works ad-
dressing the integration of external tools in Virtual Learning Environments. These limitations
are mainly responsible for the lack of widespread adoption of existing integration works in this

context. In order to overcome these limitations, the global objective of this dissertation is:

To design, develop and evaluate a middleware architecture that enables the
integration of multiple existing external tools in multiple existing VLEs, demanding
an attainable development effort to integrate new VLEs and tools, imposing only
basic restrictions that most VLE and tool providers already meet, and supporting
enough functionality to facilitate the instantiation and enactment of collaborative

learning situations.

In order to achieve this global objective, several partial objectives are set. These partial
objectives, as well as the specific contributions expected for each of them, are depicted in Figure
in the general scheme of this dissertation, and are described next:

= To analyze the problem of integrating existing external tools in existing VLEs.

This partial objective is intended to identify and analyze the main requirements of the

stakeholders involved in the integration problem, as well as the main technological and

*http://gsic.uva.esl Last visited: June 2012.
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CONTEXT

CSCL

- CSCL life cycle: Design, instantiation, enactment. and evaluation of collaborative

learning situations.

- Groups, roles, activities and tools.

VLE
-Moodle, LAMS, Sakai, Blackboard, ...

-They support the CSCL life cycle.
-Educators are increasingly using them.
-They include a limited set of built-in tools.
-Each VLE imposes specific conditions

(contracts) for the integration of external tools.

v v

Integration of external tools in VLEs
Limitations of existing approaches:
- High development effort required.

- Strict restrictions imposed on VLE and tool providers.
- Limited support to the instantiation and enactment of]
collaborative learning situations.

Tools
-Google Apps, Twitter, Flickr, Doodle, ...

- They can be used in collaborative activities.
- Educators are increasingly using them.

- Explosion of tools in the last few years.

- Each tool imposes specific conditions
(contracts) for its integration in other systems.

OBJECTIVES

To analyze the integration

To propose a middleware architecture that enables the integration of
multiple existing external tools in multiple existing VLEs and that
overcomes the limitations of previous related works

To develop a reference

problem > lmplemen'tatlon of the
To determine the design principles of the architecture architecture
To define and detail the | To define and detail the To define and detail the
restrictions on VLE and | integration contracts of the |elements of the architecture
tool providers architecture and their responsibilities
CONTRIBUTIOQNS v
A\ 4 \ 4
Identification of:
- e’l('llllleirT:lienn:stakeholders' ~ Group Learning Uniform Environment (GLUE!): GLUE! Reference
- The main design issues and " An architecture that meets the desired objectives Implementation
alternatives.
EVALUATION
A\ 4 \ 4

Four authentic experiments with real educators and students

v v

v

v

Advanced Software Advanced lgg:;::z:locl; ::::
Networking Engineering Networking . .
Technologies applied to
2010 2011 2011 Education 2012
(AN-2010) (SE-2011) (AN-2011) (ICTE-2012)

‘ ‘ Comparison with other loosely-coupled integration approaches

v

Feature
Analysis

v

Analysis of the
development effort

Figure 1.1: General scheme of the dissertation including its context, the aimed objectives, the expected
original contributions, and the evaluation planned to assess them.
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1.2. Objectives and contributions

functional design issues that should be taken into account before proposing new integration
approaches. This analysis is complemented by a deep study of the integration works in the
literature, which include some middleware architectures, and also some standards defined

by international organisms aimed at establishing new generic integration contracts.

On this objective, the contributions of this dissertation are: the identification of the
main stakeholders’ requirements, and the identification of the main design issues
and alternatives to be considered when proposing new integration approaches.
Both the stakeholders’ requirements and the alternatives to the design issues are taken
into account when addressing the global objective of this dissertation. Actually, these
requirements and issues are the guidelines to design and develop the architecture proposed
in this dissertation. The conclusions about this partial objective and the contributions have
been published in [Alal0a), including the definition of the main issues and the integration
proposals up to 2009, being revised and updated in [AlalOc| to include later integration

works. Besides, the stakeholders’ requirements have been formally embodied in [Alal2a].

To propose a middleware architecture that enables the integration of multiple existing
external tools in multiple existing VLEs, and that overcomes the limitations of previous

related works.

This partial objective consists on the proposal of an architecture that connects VLEs
and tools, whose design principles follow the guidelines distilled in the previous partial
objective, and that overcomes the three main limitations of previous related works: the
high development effort, the strict restrictions on VLE and tool providers, and the limited
support to the instantiation and enactment of collaborative activities. According to these

limitations, three parts must be clearly distinguished in the proposal of this architecture:

e To define and detail the restrictions on VLEs and tools, provided that these restrictions

must be met by most existing VLE and tool providers.

e To define and detail the integration contracts of the architecture, provided that these
contracts must reduce the development effort required to integrate existing external

tools in existing VLEs.

e To define and detail the elements of the architecture and their responsibilities, provided
that these elements must facilitate practitioners the instantiation and enactment of
collaborative learning situations that requiere the integration of external tools within
VLEs.

The contribution of this dissertation to this objective is GLUE! (Group Learning Uni-
form Environment), a middleware integration architecture that meets the de-
sired objective, thus overcoming the limitations of previous related works. The proposal
of this architecture is detailed in |Alal2a).
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= To develop a reference implementation of the proposed architecture.

This partial objective aims at developing a reference implementation that includes the
structure and the main functionality of the proposed architecture. Also, as part of this
objective, a start-up collection of VLEs and tools is generated. This reference implemen-
tation should be a model to facilitate external contributors and third-party developers
the integration of new VLEs and tools. Nevertheless, it is important to stress that the
main ideas underlying the proposal of the GLUE! architecture could be applied to other

implementations, different from this reference implementation.

The contribution of this dissertation to this partial objective is GLUE!-RI (GLUE!
Reference Implementation), the reference implementation of the GLUE! architecture.
This implementation and its prototype have been published in [Alal2a], with further details
for the particularities of the VLE LAMS in [Alallb|. Besides, [Alal2c| is a demonstration
paper showing the usage of this reference implementation in Moodle and LAMS. The code
of GLUE!-RI is available at http://gsic.uva.es/glue/to be downloaded and installed by

anyone interested.

= To evaluate the proposed architecture and its reference implementation. Once the proposal
has been defined and developed, it must be evaluated. This evaluation must assess whether
the architecture meets the stakeholders’ requirements, and overcomes the limitations of
previous related works. Besides, since the objectives and contributions belong to both
the CSCL and software integration fields, then both the educational and technological
dimensions should be considered in this evaluation [Zel02|. Taking these consideratiomns,

the evaluation of this proposal comprises:

e Four authentic experiments with real educators and students [Dew(l]| at university
level. These experiments serve to study the compliance of the architecture to the
stakeholders’ requirements. Besides, they respond to educators’ needs in different
learning settings, and cover several knowledge domains, collaborative strategies, VLEs
and external tools. Different versions of the GLUE! reference implementation, which
is incrementally and iteratively developed, are employed by practitioners in these
four experiments. The CSCL-EREM (Computer Supported Collaborative Learning
Evaluand-oriented Responsive Evaluation Model) [Jor09|, which is a framework that
facilitates the formal evaluation of software systems in CSCL settings supports the
evaluation of GLUE! in these experiments. Data from the usage of the architecture
are collected combining qualitative and quantitative techniques [Kit96a], and analyzed

using the mixed method proposed in [Mar03].

o A comparison of GLUE! with other loosely-coupled integration approaches. This com-

parison includes a feature analysis [Kit96a)], and an analysis of the development effort
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required for the integration of new tools and VLEs. The latter is based on an empirical
measure, called the source lines of code (SLOC), which is frequently used as an indi-

cator of software complexity |AIb83|.

This evaluation has partially been published in |Alal2a|, showing the results and conclu-
sions of the four authentic experiments, as well as the comparison of the development effort
in loosely-coupled integration approaches. Besides, an extended evaluation focused on two

of the experiments can be found in [Alal2b].

1.3. Research methodology

This dissertation is framed into a multidisciplinary field, since its objectives and contri-
butions are oriented to the design and development of a software system, which is expected to
have a certain impact on the educational domain. This is the main reason that motivates an
evaluation that combines both the educational and technological dimensions |Zel02], as already
anticipated in the previous section. Similarly, the research methodology should also combine
different methods to better take into account the multidisciplinary nature of the contributions.
In this regard, the engineering method proposed by Adrion [Adr93| could cover most of the
methodology needed for this research. This method iterates on the following four steps: observe
existing solutions, propose a better solution, build or develop, measure and analyze. Never-
theless, this method could be merged, especially in the evaluation stage, with the empirical
method [Bog82|, due to the employment of experiments [Dew01| as part of the educational
evaluation. Glass [Gla95| formalized the combination of these two methods, taking Adrion’s
work as a basis, in four iterative phases that have already been applied to similar recent disser-
tations with technological contributions in the CSCL field [Her07blPer11}Vil10]:

= Informational phase. The first phase aims at collecting information about the domain
in which the research is carried out. The first task is the review and analysis of existing
literature in order to detect the affordances that may become research questions, and
the related works that previously explored such affordances. Next, it is convenient to
participate in scientific events and research projects to assess the potential interest of these
affordances, and also to get feedback from the community of people working in the field.
In this dissertation, this phase addresses the review of multiple works on TEL, CSCL,
learning platforms, use of tools for educational purposes, technological trends, software
engineering, software architectures, and software integration in multiple contexts. During
this process, the integration of external tools in VLEs to facilitate the realization of a
wider range of collaborative learning situations emerges as the main research question for

this dissertation. Besides, this phase also includes the participation on European, national



Chapter 1. Introduction 15

1.4.

and regional projects related to the domain, the attendance to several conferences, and
the realization of short research stays with experts on software integration and learning

platforms.

Propositional phase. The second phase aims at proposing or formulating hypotheses or
solutions to the research questions identified in the informational phase. In this regard, the
literature review allows to identify the limitations of previous related works on this topic
and raises new original alternatives to tackle these limitations. In this dissertation, this
phase comprises the identification of the main stakeholders’ requirements, the analysis of
the main design issues that should be considered when tackling the integration problem,
and the proposal of a middleware architecture that takes into account these requirements

and issues in order to overcome the limitations of previous approaches.

Analytical phase. The third phase aims at analyzing and exploring the propositions
made in the previous phase, to achieve a demonstration or formulation of principles. This
may include the development of the necessary systems or applications that facilitate this
demonstration. In the context of this dissertation, a reference implementation of the ar-
chitecture proposed in the second phase is developed, providing a prototype that can be
tested and used by educational practitioners. This reference implementation is employed
for the analysis and evaluation of the contributions of this research, and can be enhanced

as the iterations along the phases of this methodology happen.

Evaluative phase. The last phase aims at evaluating the propositions by means of experi-
mentation or observation, helped by the systems or applications developed in the analytical
phase (if applicable). In this dissertation the architecture is evaluated by means of four au-
thentic experiments intended to demonstrate that it meets the stakeholders’ requirements
and overcomes the limitations of previous related works. A supporting comparison with

other loosely-coupled integration works is also carried out as part of the evaluation phase.

Structure of the document

The rest of the document is structured according to the partial objectives defined in section

[[.2] Therefore, after this introduction, chapter [2] delves into the theoretical background of this

research. That includes the main ideas on which the CSCL research field is based, emphasizing

the benefits of using learning platforms and software tools for the support of interactions among

learners. Besides, this chapter reviews and compares the main Virtual Learning Environments

and other outstanding platforms, as well as a set of representative tools employed for educational

purposes. Then, a deep analysis of the integration problem in this context is carried out, with

the aim of identifying the main stakeholders’ requirements and the main issues that should be
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taken into account when designing new integration approaches. Finally, the literature is critically
reviewed, indicating which of the detected issues contributed to the lack of success in terms of

adoption of current integration works.

Chapter [3] introduces GLUE!, the middleware architecture that enables the integration of
multiple existing external tools in multiple existing VLEs. This chapter begins by highlighting
the main design decisions of GLUE!, which are the result of taking into account the lessons
learned from the previous analysis of the integration problem. Then, a global overview of the
architecture is presented, detailing the integration contracts and the elements involved, as well
as their responsibilities in order to provide the functionality needed to facilitate the instantiation
and enactment of collaborative learning situations that require the integration of external tools
within VLEs. This chapter also deals with the security issues that appear in the interactions
throughout the architecture. Besides, the opportunities for connecting GLUE! and other existing

loosely-coupled integration works are discussed before the conclusions.

Chapter [ presents GLUE!-RI, the reference implementation of the GLUE! architecture.
This chapter delves into low level details of each of the GLUE! elements, discussing technical al-
ternatives for their implementation, and pointing out the differences that appear when integrating
some outstanding VLEs and tools. Besides, it is in this chapter where different processes related
to the architecture are described: from the development of code that an interested contributor
should be aware of, through the installation and configuration by a GLUE! administrator, to the
usage of GLUE! by educators and learners

Chapter p|lexplains and discusses the evaluation of the GLUE! architecture, supported by its
reference implementation. This chapter starts by introducing the overall evaluation methodology,
including the data gathering techniques, and the data analysis method employed. Then, the
four authentic experiments supporting the GLUE! evaluation are detailed. After that, results
obtained from these experiments are used to support the conclusions regarding the compliance of
the GLUE! architecture to the stakeholders’ requirements. Finally, the comparative evaluation
with other loosely-coupled integration approaches, focused on the functionality offered and in

the development effort required, is presented.

Chapter [] draws together the conclusions and the future work of this dissertation sum-
marizing the main original contributions and the objectives achieved. In addition, this chapter
also links these contributions with a series of active ongoing research works at the heart of the
GSIC-EMIC research group. The global objective of all these works is to design and develop an
extensible architecture for the support of the main actors involved in the design, instantiation,
enactment and evaluation of collaborative learning situations, using GLUE! as the core for the in-
tegration of tools in learning platforms, and following many of the design principles that emerged

as a consequence of the realization of this dissertation.
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This document also includes five appendices that complement the discussion of the disser-
tation. Appendix A contains more details about the study of the development effort. Appendix B
details the data format used for the communication between the elements of the GLUE! architec-
ture. Appendix C collects the documentation of GLUE! for developers interested in contributing
to the integration of new external tools. Appendix D gathers further information for GLUE!
administrators, including the installation and configuration manuals for the main components
of the reference implementation. Appendix E includes user manuals for educators and students
using GLUE! within three representative VLEs and learning platforms: Moodle, LAMS and
MediaWiki.
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Chapter 2

Integration of external tools in VLEs

The aim of this chapter is to present the theoretical background on which the research work of this
dissertation is based, emphasizing the specific challenges it undertakes. The chapter starts by intro-
ducing in section 2.2 the CSCL as a multidisciplinary research field, in which technology is employed
to foster the interactions and collaboration among learners. Then, VLEs are studied in section [2-3]
as significant examples of successfully adopted systems that facilitate the design, instantiation, en-
actment and evaluation of collaborative learning situations. The use of software tools alongside the
learning process is introduced in section[2.4] discussing the tool life cycle when supporting collabora-
tive activities. In this point, especial emphasis is given to the limitation regarding the restricted set
of VLE built-in tools, and how this limitation, together with the massive use of third-party external
tools, has caused a great research interest in the learning community, resulting in many works
proposing approaches that address the integration of external tools in VLEs. Section [2.5] discusses
the integration problem in this context, identifying the requirements of the main stakeholders (prac-
titioners, developers, and providers), as well as the main design issues and alternatives that should
be considered by those tackling this problem in order to increase their chances of adoption. These
design issues are: the number and kinds of restrictions imposed on VLEs and tools, the coupling
and multiplicity promoted by the integration, and the degree of functionality offered. Next, Section
[2:6] presents the most representative integration works, relating them with these design issues, and
discussing the reasons for the lack of success in adoption of these works. Finally, section distills
some lessons learned from the earlier discussion of the integration problem and the existing works.
These lessons should be of interest for those proposing new integration approaches, including the

one presented later in this dissertation.

The identification of the main issues that should be taken into account when tackling the problem
of integrating existing external tools in existing VLEs is a contribution of this dissertation, and
has been published in [Alal0al, including the definition of these issues and an analysis of existing
proposals up to 2009. These issues were revised and updated in [AlalOc}/Alal2a] to include later

integration works.
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2.1. Introduction

TEL is a field of study that aims at facilitating and improving teaching and learning
through technology [Joh04|. Research on TEL covers all educational levels in both formal and
informal learning. It is important to note that the term TEL is sometimes misused as a synonym
of distance learning or e-learning. On the contrary, TEL also includes face-to-face, and blended
learning scenarios in which technology is employed [Osg03|. With the introduction of technology
into learning designs based on traditional pedagogies new challenges arise, requiring a redesign

of educational systems and practices [Kop04].

CSCL is the multidisciplinary field within TEL that studies how technology facilitates the
collaboration in groups, in order to increase the effectiveness of learning [Kos96|. In collaborative
learning situations, the acquisition of knowledge and skills is carried out through interactions
with peers [Dil99]|. These interactions have been demonstrated to promote a more effective and
deeper learning, compared to other processes, such as individual or competitive learning [Vig78§|,
especially regarding high-level reasoning and knowledge transfer. CSCL environments are those
systems that include a set of features, resources and software tools intended to support the
realization of collaborative learning situations which, significantly, may include both individual

and collaborative activities [Osu99|.

VLEs, such as Moodle, LAMS, Sakai or Blackboard, are successful examples of centralized
software systems used worldwide in TEL, especially for distance and blended learning. Besides,
VLEs are recurrently used by practitioners to support collaborative learning processes, since they
enable the definition of social configurations of users, structures of activities, and the use of some
built-in tools that promote collaboration and groupwork (e.g. chats, forums and wikis) [Wel07b].
All these features make VLEs suitable for the design, instantiation, enactment and evaluation of

collaborative activities in learning contexts [Jon05].

A large number of studies report the benefits of educators and students using VLEs for
learning contexts [Kat10|. For instance, Koeber |[Koe05|, after carrying out a comparative study
between two groups of almost one hundred of sociology students each, found that average grades
of the group using a VLE during the course were considerable better that those of the other group,
which did not use any technological support. Koeber justified the results obtained asserting that
the use of a VLE had a positive effect in the motivation of the students enrolled in that course.
Another study by Patzold [Pat05| confirms this assertion by showing an increasing engagement
on students’ behavior when realizing VLE built-in tool-mediated activities, including tests and
discussions on forums, which also had a positive effect on students’ final grades. Regarding
educators, Seaman [Sea09| found that the majority of faculty members thought that learning
outcomes using VLEs were “as good as or better that through face-to-face instruction”. Finally,

O’Leary [OLe02| points out two additional advantages of using VLEs. First, educators can
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provide a more flexible support to students. This is due to the fact that educators do not need
to be in a fixed time or place to interact with students. Besides, students become more active
and independent, making use of online access to learning materials and collaborative features,
on and off their institution. Both advantages are essential to support the new teaching models

at all levels and contexts.

The advantages of including VLEs as the technological support in education in order to pro-
mote a more engaged and structured collaborative learning seem clear now. Nevertheless, other
studies pointed out some important limitations that should also be considered. For instance,
Bower [Bowll| reported educators’ concerns regarding potential technical problems or crashes
that may happen when their courses are entirely supported by VLEs. Nevertheless, this problem
has not stopped thousands of institution from adopting VLEs, and here it is noteworthy that
any technological support always implies some risk of failures at first, but after improvements
and tests, the chances of occurrence of failure are minimized. The same study also pointed out
that setting learning situations and courses within VLEs is a time-consuming and burdensome
task for educators (compared to traditional face-to-face courses). Nevertheless, the introduction
of new software systems normally entails a certain initial learning effort (i.e. learning curve),
but in the case of VLEs, once this effort is undertaken, educators can take advantage of VLEs
functionality in order to reuse educational content and automatize the management of courses
and lessons [Dal03]. Other authors [Att07, Har06}Sev08] go beyond, criticizing the institutional
and educator-centered basis of VLEs, targeting their research towards other platforms, generally
called PLEs [Har06|, in which learning is controlled by the own learners. Nonetheless, these
authors agree that both educator-centered and learner-centered models can coexist, VLEs being

dominant platforms in formal education [Wil06).

The small and reduced set of available built-in tools is also agreed as another important
limitation in VLEs [Con10,Dag07,Liv08|. For instance, practitioners on Bower’s study [Bow1l]
stress the “smaller range of tools” available in Moodle, as well as the low flexibility regarding
LAMS tools. Practitioners’ perception on this study may be motivated by their expectations of
finding in VLESs the tools they usually employ in their classes. The lack of a larger and proper set
of built-in tools thus limits the kind of learning situations that educators may design and enact
within VLEs. Furthermore, this limitation might be partially responsible for many educators
using VLEs as simple document repositories, in which students mostly perform administrative
tasks, such as reading announcements, or submitting coursework [Katl0|, rather than carrying

out more complex and structured learning activities using the required software tools.

Meanwhile, practitioners are using more and more software tools outside of VLEs, not
only in their classes, but also in their daily life. Some reasons supporting this massive tool
adoption are: the high number of hardware devices in the market, from laptops to mobiles

or tablets; the possibility of an online connection, everytime, everywhere; and the existence of
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many software tools offered as Software as a Service (SaaS) applications |[Pap03|, and designed
under Web 2.0 principles [ORe07]. These principles are typically associated to interoperable web-
based systems, provided by different vendors, and designed to promote the collaboration and the
sharing of information and contents [ORe07]. Such a large number of available distributed tools
might overwhelm inexperienced (and even some expert) practitioners, which could benefit from
the centralization of these SaaS, Web 2.0 and many other tools in a single environment that

already provides educational and collaborative features, like the widespread VLEs.

Summarizing what this introduction has anticipated, the remaining of this chapter focuses
on the integration of existing external tools in existing VL Es, in order to enrich the collaborative
learning situations that can be carried out within these VLEs. Therefore, classical challenges in
software interoperability are considered from the perspective of VLEs and software tools, in the
current more and more web-like technological world, in which human collaboration to achieve
a common goal (learning in this context) is a recurrent process that normally brings better
outcomes. A scheme relating the concepts introduced in this section and further explained along

this chapter is presented in Figure 2.1

Technology-Enhanced Learning (TEL)

Computer-Supported Collaborative Learning (CSCL)

A\ 4

Virtual Learning
Environments
(VLEs)

AN

\ \ 4

Software tools

Integration

challenges

Figure 2.1: Scheme of the main concepts belonging to the research context.

2.2. Computer Supported Collaborative Learning

CSCL is a recent emerging research field within TEL [Kos96|, characterized by its multi-
disciplinarity [Stal0], involving practitioners from pedagogy, education, computer science, and
social science. CSCL origins date back to a NATO-sponsored workshop that was held in 1989 in
Maratea (Italy), and which, for the first time, included the term Computer-Supported Collabo-

rative Learning in its title [Sta06]|. From then on, an increasing global community of researchers
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have been working on this field, meeting every two years since 1995, in the biennial CSCL con-
ference, which had its 9th occurrence in 2011 in Hong Kong (China). Besides, this community of
researchers have been publishing their novelties and contributions in a specific journal named the
International Journal of CSCL (ijCSCL). The evolution of CSCL has been reviewed several times
by important names, and can be consulted in the works of Dillenbourg [Dil09] and Stahl [Sta06].

CSCL can be contrasted with other three earlier TEL fields identified by Koschmann in
his highly cited book [Ko0s96|. These fields are sequenced as follows: CAI (Computer-Assisted
Instruction), ITSs (Intelligent Tutoring Systems), and Logo-as-Latin. CAI began in the 1960s
and conceived learning as a completely passive process where information had to be memorized,
and where the role of educators was just acquiring a prior knowledge that was later passed
on and shared with the students. ITSs started in the 1970s and relied on the personalized
tutoring, creating artificial intelligence applications that represented student mental models,
and that responded with appropriate feedback to students’ interactions. Logo-as-Latin gained
momentum in the 1980s under a constructivist approach, and encouraged students to explore,
develop, and run their own applications, thus building their knowledge by themselves. Finally,
CSCL began in the 1990s motivated by social constructivism [Jon99,Win93|, and promotes social
interactions among students and learning together opportunities using technology, educators

being only mediators that facilitate (if needed) these interactions.

The support of collaboration processes through computers and technology is not restricted
to the CSCL field, since it is also the grounding of CSCW (Computer-Supported Cooperative
Work) |EL91,Gru92|. Nevertheless, despite sharing some important features, such as the promo-
tion of social interactions and groupwork, CSCL and CSCW target completely different goals.
While, CSCL pursues more effective learning outcomes through the collaboration in groups,
CSCW pursues the increase of productivity in industrial and corporate environments through
the cooperation in groups. Apart from the differences in the acronyms regarding “learning” and
“work”, which suggests different goals and approaches, the differences between the terms “collabo-
rative” and “cooperative” can be further discussed. Actually, even though most authors consider
these two terms rather synonyms, others point out that collaboration requires realizing all the
tasks together (the focus is on the process), while cooperation may entail a division of work into
independent sub-tasks (the focus is on the product) |[Dil99]. Nonetheless, the terms collaboration
and collaborative learning are preferred along this dissertation, and they are used indistinctively

when embracing cooperation.

All in all, CSCL is a multidisciplinary research field that devotes important efforts to the
development of applications and systems for the support of collaborative learning situations.
Some of these systems are explored along this chapter, as well as their technical, functional and
pedagogical challenges, in order to improve their support to the life cycle of collaborative learning

situations.
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2.2.1. Life cycle of collaborative learning situations

The life cycle of collaborative learning situations |[Gom09,|Her06a|, they being supported
by technology or not, involves the whole process starting from the first fuzzy ideas in edu-
cators’ minds regarding a potential structure of individual and collaborative activities (and
their settings), to the obtention and subsequent evaluation of students’ outcomes after the
realization of these activities. This life cycle is sometimes made explicit through the use of
scripting [Her07al|Vil09], which aims at “facilitating social and cognitive processes of collabora-
tive learning by shaping the way learners interact with each other” [Har07b|. Numerous studies
have shown the benefits of scripting; among them, the greater effectiveness of collaboration
and learning [Dil02a},Her07a]. Nevertheless, in some other cases, the life cycle of collaborative
learning situations is not formalized through scripting, thus promoting more open and flexible
designs motivated by practitioners’ improvisation [Prill|. This life cycle (explicit or not) can be
found in most formal learning situations, as a juxtaposition of non-curriculum-based, unstruc-
tured, unsequenced, and non-assessed informal situations [Wel91|. Nonetheless, cautions must
be taken, since the formal/informal border is sometimes blurred [Dil09]. Thus, this life cycle

could be found in other situations different from those belonging to formal learning.

The life cycle of collaborative learning situations comprises four phases: design, instan-
tiation, enactment and evaluation [Gom09,Her06a], as shown in Figure In the first phase
(design), skilled instructional designers [Vil09], or simply any educator, define the structure or
sequence of individual and collaborative activities, with the tasks that participants have to ac-
complish, as well as the learning objectives and the generic social configuration. Significantly,
this first stage does not consider specific participants, nor specific tools, thus promoting the reuse
of learning designs in other scenarios and the creation of design templates [Bou06| that can be
shared among educators. In the second phase (instantiation), those educators supervising the
collaborative learning situation select the tools and populate the groups according to the list of
students participating in the situation, particularizing this way an abstract generic design into
a specific context. Next, in the third phase (enactment), students carry out the learning activ-
ities, being monitored by educators. Finally, in the last phase (evaluation), educators evaluate
students’ work as well as their acquired knowledge and skills |[Dil02a]. It is noteworthy that the
results of the evaluation phase give feedback to educators, who can improve and adapt their

learning designs to achieve better outcomes, as it is represented in Figure

Other works in the literature define life cycles for collaborative learning situations with
small variations. This is the case of Vignollet [Vig08|, who suggests a linear life cycle composed of
three phases: modeling, operationalization and execution. This life cycle emerges from applying
the three levels defined in the IMS LD specification [IMS03| for the definition of collaborative
scripts. Nevertheless, the three phases defined by Vignollet can be easily mapped to those

of design, instantiation and enactment (in this order) according to the life cycle presented in
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Figure 2.2: Life cycle of collaborative learning situations including the four phases: design, instan-
tiation, enactment, and evaluation.

this section. Similarly, authors in [Cae06al/Perl0| also consider the three first phases, which
they denominate design-time, instantiation-time and run-time. A somewhat different example is
the proposal of Dalziel [Dal06], who partially merges the instantiation phase in the design and
enactment phases. Dalziel’s life cycle and the adaptation to the one presented in this section
is later exemplified in this document, when discussing the implementation of Dalziel’s life cycle
in the LAMS. As a conclusion, the life cycle presented in this section is consistent with other
equivalent life cycles in the literature, which are accepted by the learning design and the CSCL

communities.

Finally, it is convenient to clarify that this dissertation mainly contributes to the instan-
tiation and enactment phases of the life cycle presented here. First, it contributes to the instan-
tiation, since educators select and configure the specific tools that support the individual and
collaborative activities in this phase. Second, it contributes to the enactment, because it is in
this phase where students use these tools to accomplish the activities and achieve the learning
objectives. It is important to note that this dissertation does not affect the way educators design
the learning activities, since no new tool abstractions [Veg08| are defined. Nevertheless, the par-
ticularization of this life cycle with examples of VLEs and tools is later studied in this document,

and interestingly, the design, instantiation and enactment phases may merge in some cases.
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2.3. Virtual Learning Environments

Virtual Learning Environment (VLE) is a popular term in education, though a common
definition for it has not been agreed yet, and many times other terms like Learning Management
System (LMS), Content Management System (CMS), or Learning Platform (LP), are used as
analogous concepts. One of the first and most popular definitions for VLE was provided in 2000
by the Joint Information Systems Committee (JISC) in the UK, and refers to “the components
in which learners and tutors participate in online interactions of various kinds, including online
learning’ﬂ Nevertheless, many authors disagree on the need for online interactions [Dil02b],
excluding this part of their own definition. This is the case of Stiles, who stated that both VLEs
and LMSs are “designed to act as a focus for students’ learning activities and their management
and facilitation, along with the provision of content and resources required to help make the
activities successful” [Sti00]. Similarly, Britain and Liber also excluded the online communication
from their definition, while adding the collaboration as an important feature, thus characterizing
VLEs as CSCL systems: VLEs “aim to accommodate a wider range of learning styles and goals,
to encourage collaborative and resource-based learning and to allow greater sharing and reuse of

resources” |Bri06|.

One of the most formal and commonly cited definitions of VLEs comes from Dillenbourg’s

work [Dil02b| published in 2002, and argued upon seven distinctive features.

1. VLEs are designed information spaces in which multiple authors can produce both struc-

tured and unstructured information.

2. VLEs are social spaces that promote interactions and discussions both synchronously or

asynchronously.

3. VLEs are explicitly represented ranging from text-based interfaces to complex 3D graphical

systems.
4. VLE students are also actors, thus producing, rather than consuming contents.

5. VLEs are not restricted to distance education, supporting also presential and blended

learning situations.

6. VLEs integrate heterogenous technologies (including a variety of tools supporting different
tasks), and multiple pedagogical approaches, because integration is under the idea of envi-

ronment.

"ttp://www. jiscinfonet.ac.uk/InfoKits/effective-use-of-VLEs/intro-to-VLEs/introtovle-introl
Last visited: June 2012.
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7. Most VLEs overlap with physical environments at some point, since learning activities may

involve the use of non-computerized resources or interactions among participants.

Besides, it is noteworthy that Dillenbourg also stressed the affordances of VLEs for col-
laborative learning in his definition, due to the opportunities they offer for: “structuring collabo-
ration”, through the specification of learning scenarios or scripts; and “regulating interactions”,

through the monitoring of educators to ensure all group members participate in the activities.

From all the features reported in Dillenbourg’s definition of VLEs, two of them are the
basis for the research developed under this dissertation: the integration of heterogeneous tech-
nologies, and the support of collaboration. Therefore, despite consistent with Dillenbourg’s and
other accepted definitions in literature, this dissertation offers a broader characterization for
VLEs, highlighting the aforementioned two features, and referring to educator—centeredﬂ systems
that allow the design, instantiation, enactment, and evaluation of collaborative learning situa-
tions through a set of synchronous/asynchronous, face-to-face/distance, individual/collaborative
learning activities, which are supported by a collection of available tools and resources. This defi-
nition eases the discussion regarding the proper use of terms like VLE, LMS or CMS, since all

of them, as well as many of the LP, may fit under this description, as it is further discussed.

The remainder of this section presents multiple examples of VLEs, emphasizing those
with a higher adoption among practitioners and institutions. Besides, the generic life cycle of
collaborative learning situations, which was introduced in the last section, is particularized for
these outstanding VLEs.

2.3.1. Examples of VLEs

Moodle, LAMS, .LRN, Sakai, Blackboard, Claroline or SharePoint LMS are some of the
most widespread VLEs worldwide. Nevertheless, many others examples with a lower adoption are
available, some of which might be trending VLEs in the next few years. Outstanding examples
of these other VLEs are: Dokeod’] Desire2Learn (D2L)| JoomlaLMS’| RCampud} TLIAS]
ATutOIﬁ, eCollegeﬁ] or AlphastudyET]. Besides, it is noteworthy that a few other VLEs achieved a

certain degree of success during the last decade; this is the case of WebCT, which now belongs

%in the sense that educators determine the activities, resources and tools in the learning design, as opposed to
Personal Learning Environments (see “Other platforms used in education” in section [2.3.1)

3http://dokeos.com. Last visited: June 2012.

“http://desire2learn.com. Last visited: June 2012.

®http://joomlalms.com. Last visited: June 2012.

Shttp://RCampus.com Last visited: June 2012.

"http://ilias.de. Last visited: June 2012.

®http://atutor.ca. Last visited: June 2012.

“http://ecollege.com. Last visited: June 2012.

Yhttp://alphastudy.com. Last visited: June 2012.
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to Blackboard. Finally, there is another important group of VLEs that were the results of
research works and never became stable systems, like Gridcole [Bot08] or Pelican [Vel09|, but

that significantly contributed to the community working on this field.

The seven most widespread VLEs are studied next from a technical and functional per-
spectives emphasizing the features that enable the communication with external systems, as well
as the functionality to support collaboration and groupwork. Table summarizes and com-
pares the main features analyzed for these VLEs along this section. While they are all based on
web technologies, follow a classical three-tier client-server architecture [Eck95|, offer extension
APIs (Application Programming Interfaces) and include enough functionality for the support of
collaboration, groupwork and role distinction, they are very heterogeneous on their pedagogical

approaches and programming languages.

Table 2.1: Feature analysis of