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Component-Based Software Engineering and CSCL 
in the Field of e-Learning 

Yannis A. Dimitriadis, Juan-Ignacio Asensio-Pérez, Alejandra Martínez-Monés, and César A. Osuna-Gómez

The use of Information and Communication Technologies in the education domain has been characterized
by the need of providing flexible systems that are adaptable to particular learning situations. In this sense,
Component-Based Software Engineering (CBSE) has emerged as a software development paradigm suitable
for obtaining reusable, flexible, and customizable distributed applications, which would provide great
benefits to the e-Learning domain. Nevertheless, this CBSE-education relationship has not coped with the
collaborative aspects and the pedagogic theories underlying the social constructivism that constitutes the
basis for Computer-Supported Collaborative Learning (CSCL). This article describes the process
undertaken by the authors when applying CBSD principles to the CSCL domain, emphasising the lessons
learned during this experience. The article is particularly focused on the problem of ‘translating’ the highly
dynamic requirements posed by educators, as well as by participants and their educational context, into the
CSCL applications.

Keywords: computer-supported collaborative learning,
CSCL, component-based software engineering, component
framework, e-Learning.

Introduction
Attempts to apply technological innovation in order to

enhance education have always been present. In the case of
ICT (Information and Communication Technologies) these
efforts have resulted in several paradigms of educational
computer-based systems: Computer Assisted Instruction
(CAI), Intelligent Tutoring systems (ITS), simulations or
microworlds, and, more recently, due to the generalised use
of computer networks, e-Learning and CSCL (Computer-
Supported Collaborative Learning) [1]. 

This diversity reflects, often implicitly, the evolution in
technologies as well as in educational trends. For instance,
the term e-Learning, that represents the current dominant
paradigm, has incorporated web technologies and has put
more emphasis on a student-based, autonomous, and flexible
learning (typically in distance education).

1.1 CSCL: A New Paradigm of Educational Software
CSCL, partially derived from an evolution of Computer-

Supported Cooperative Work (CSCW), is based on a new and
strongly interdisciplinary paradigm of research and educa-
tional practice [2]. Its main features include highlighting the
importance of social interactions (collaboration) as an essen-
tial element of learning, the preference for an interpretative
approach to the evaluation of the learning process (as
opposed to traditional positivist proposals), as well as the role
of participative analysis and design of the whole community
when creating new technological environments [3]. On the
other hand, CSCL has been based on distributed systems
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technologies in order to support some of its main characteris-
tics, i.e.: communication, collaboration, and coordination. 

Several of the aforementioned elements have been embedded
in the main commercial products or innovative proposals of e-
Learning, although in a marginal way. For example, generic
tools that promote collaboration have been introduced (without
a precise objective and environment), the importance of design-
ing activities and associated workflows has been assumed by
IMS-LD (IMS Learning Design, <http://www.imsproject.
org>), or the main roles and collaborative activities have been
modelled through standards such as IEEE LTSC (Institute of
Electrical & Electronics Engineers – Learning Technology
Standards Committee, <http://ltsc.ieee.org>). However, the
main stream within e-Learning is still centred around the
concepts of knowledge transmission as the basic educational
paradigm, and the new proposals are dominated by the imme-
diate application of the new technological ‘affordances’ and the
expected market benefits. Therefore, it is still necessary to
advance in order to analyse and embed all pedagogical and
technological elements that define CSCL.

1.2 CSBD and Education: The Necessity of Reuse and 
Adaptation

In spite of the aforementioned differences, educational soft-
ware in general has been traditionally exposed to the necessity
of adaptation and personalisation. Such requirements have
been expressed by educators who need to use the software in
different educational and social contexts, or even, with differ-
ent pedagogical styles. Thus, too many specific applications
have been developed in order to meet the above requirements.
Due to the fact that these applications are usually monolithic,
dependant on particular technologies and incompatible among
them, teachers usually face great difficulties in order to inte-
grate them in the classroom [4]. These projects present a high
failure rate since they are not able to get adapted to new educa-
tional situations and to incorporate technological innovations
that are continuously emerging.

Software component technology [5] offers the promise of
composing tools from elements that may come from different
providers. Therefore, it is a reasonable candidate as a potential
solution of the aforementioned problems of the educational
domain, since it provides the capacity of application reuse and
adaptation. When dealing with the problem of reuse in Soft-
ware Engineering and particularly in CBSD (Component-
Based Software Engineering), it is essential to take into
account the concept of component framework [6]: an extensi-
ble set of reusable software components in a particular applica-
tion domain together with a number of software design patterns
that document their use. Components included in a framework
can be reused, instantiated and assembled with additional
components provided by developers in order to obtain concrete
applications faster and with a lower cost.

CBSD has been employed in several projects in which the
idea of component framework has been successfully applied in
developing educational applications [4]. However, the issue of
supporting collaboration, inherent to the particular CSCL
domain, has not been taken into account.

1.3 Objectives and Structure
It is precisely the above objective of obtaining a software

component framework for CSCL that guided the work of the
authors during the last years, within a multidisciplinary group
formed by educators, as well as telecommunications and
computer engineers.

Nevertheless, building a component framework is not an easy
task. A framework developer must face different problems
related to both the particularities of the framework domain and
the technologies used to support the derived components [6].
One of the most important problems to take into account in this
context is the identification and dimensioning (i.e. level of
granularity) of components. The fulfilment of this task largely
depends on how the key concepts and principles of the domain
of interest are understood by software developers [7]. In the
CSCL domain, this problem is particularly important due to the
big separation among abstractions used by experts in collabo-
rative learning (pedagogues, psychologists, education practi-
tioners,…) and those used by software developers. 

The authors have employed three different approaches, partly
complementary, in order to deal with the aforementioned
problem of domain understanding by the software developers.
The objective of this paper if to present and discuss the follow-
ing three approaches in a unified way: first, a top-down
approach that led to the telematic-educational conceptual
framework DELFOS; second, a bottom-up approach focused
on the development of concrete component-based collaborative
learning applications; and, finally, as a compromise between
the previous ones, an intermediate approach based on the defi-
nition of the so-called Collaborative Learning Patterns (CLP),
detailed descriptions of collaborative learning techniques
defined by experts in this field that could help software devel-
opers in the task of identifying components to be employed in
various types of CSCL applications.

The work presented in this paper covers several points of
interest: the study of the CBSD’s potentialities and limitations
through its application in an interesting and complex domain
such as CSCL; the creation of a sufficiently large set of compo-
nents and patterns, i.e. a framework for CSCL; the search for
solutions to the problem of lack of shared knowledge among
technologists and educators. Additionally, these proposals are
validated by experience derived from real scenarios of design,
development and evaluation of significant applications.

Accordingly, Section 2 presents the main features, problems
and limitations of each approach, and discusses their relative
merits. The principal conclusions obtained in this work are
shown in Section 3, together with the most interesting research
lines currently being dealt with.

Approaches and Results
Figure 1 shows an overview of the three approaches

undertaken by the authors in order to achieve the goal of bring-
ing together CBSD and CSCL. Each of the approaches is
presented in a separate subsection, while the last one (2.4)
presents a synthesis of the results obtained, based on the
authors’ experience in real CSCL scenarios.

2
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2.1 Top-down Approach: The Telematic Educational 
Framework DELFOS

In the first case, authors used a top-down approach, in which
they aimed to solving the aforementioned problems through a
general understanding of the CSCL domain, and a subsequent
detection of useful elements for analysis and development of
such applications. The outcome of this approach was the
DELFOS (Description of Educational Layer Framework
Oriented to learning Situations) framework [8], composed of
the following three main elements: a learning model based on
the ideas of social constructivism, a hybrid architecture
composed of layers and objects for application development,
and a development methodology based on participative analysis
and design. DELFOS proposed the concept of learning situa-
tion, that models a specific learning environment and includes
fundamental aspects for an educator, such as the context the
and pedagogical objectives. A learning situation as well as its
constituent elements (activities, roles, objects and interactions)
are modelled with the help of a set of templates that were
defined in the framework proposal.

The framework was validated via the development of three
CSCL applications of different characteristics. These experi-
ences have shown that DELFOS provides useful tools for the
requirement analysis phase, thus allowing to structure the
domain, and therefore simplify the communication between
final users and software developers. However, it was evident
that the idea of learning situations, essential in defining CSCL
applications within DELFOS, is hardly reusable, due to the fact
that it is highly dependant on the specific context. In other
words, a learning situation defined through the DELFOS tools
could not be applied without significant changes to different
educational settings. Therefore, authors came to the conclusion

that it was necessary to identify context-independent aspects,
that could be adapted to other educational scenarios without
major changes. This new action line was carried out within the
third approach, that is described in section 2.3.

2.2 Bottom-up Approach: Specific CSCL Applications
The bottom-up approach deals with the development of

specific component-based CSCL applications. This develop-
ment process tries to extract relevant elements from the CSCL
framework. The authors, therefore, worked towards the selec-
tion of a CSCL application type whose complexity level was
low enough so as to enable fast prototyping, and high enough
in order to share most of the common problems of the domain
thus leading to the identification and development of potential-
ly reusable software component. The solution that was adopted
(called MagicPuzzle) consisted of the development of a
synchronous and collaborative application supporting the reso-
lution of puzzles by pupils in primary education. This type of
applications stands out due to its well-known educative and
socialising benefits, as well as to its ability to reflect the knowl-
edge-building process. Within the context of this type of appli-
cations the participants share pieces of knowledge needed for
the resolution of a more complex problem (probably with no
closed and single solution), justifying at the same time their
actions. All this process can be understood as a metaphor that
contains educational methods such as case-based and project-
based learning. The functional requirements of MagicPuzzle
were decided with the help of experts in primary education.

The EJB (Enterprise Java Beans) technology, together with
its supporting J2EE (Java 2 Enterprise Edition) platform, was
selected for the development of MagicPuzzle due to its distrib-
uted nature, its higher level of maturity, its computing platform
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Figure 1: Three Approaches for Communicating the CBSD and Collaborative Learning Domains.
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independence, and the wide availability of implementations.
During the MagicPuzzle development, several design patterns
were applied as, for instance, the so-called TOP patterns (Ten
Object Patterns) [9], focused on collaborative applications, and
the MVC (Model-View-Controller) pattern that enables inde-
pendence between data and presentation.

Figure 2 shows a schema of the architecture of MagicPuzzle
as well as the software components it is composed of. 

Once the prototypes of MagicPuzzle were finished, the
authors explored whether the obtained components could be
reused as building blocks for other CSCL applications. For
solving this question, two new CSCL applications were devel-
oped: a collaborative application (called eLAO) supporting the
course “Computer Architecture” in Telecommunications Engi-
neering studies, in which the authors expected to reuse basic
collaboration support components (Access Manager, Session
Manager…), and a collaborative application supporting the
well-known Tangram game, much more similar to MagicPuz-
zle and, therefore, more suitable for reusing of its components.

Nevertheless, during the first development stages it became
clear that the expected reuse could not be achieved. The reasons
for this setback pointed to a development process too biased
towards a very particular learning problem: the collaborative
resolution of puzzles. This problem, already known in the
CBSD field, as well as the lack of a good formalisation of
CSCL concepts, obstructs the path towards the identification
and dimensioning of reusable components.

The search for common characteristics applicable to a broad
set of CSCL applications in different learning contexts led the

authors to the proposal described in the next subsection, based
on the use of “Collaborative Learning Patterns”.

2.3 Intermediate Approach: Collaborative Learning Pat-
terns

A CLP can be understood as a way of describing a collabo-
rative learning technique, easily understandable by software
developers. Collaborative learning techniques dictate common
ways of structuring interactions among participants in different
collaborative learning activities, as well as the information they
interchange and the objects they manipulate. The concept of
CLP is derived from the notion of “Collaborative Design
Pattern” introduced in [10].

CLPs are identified and formalised by Collaborative Learn-
ing practitioners (mainly teachers), and validated by pedagogy
experts. They are intended to be used by software developers,
in order to derive common requirements for CSCL applications
that support collaborative learning activities based on the same
technique. These common requirements are potentially more
useful for helping developers to identify and dimension reusa-
ble software components. In spite of this final use of the CLPs,
it is important to point out that the contents of the CLPs them-
selves do not include any technical information.

From the point of view of conceptual richness, CLPs can be
considered as an intermediate approach between the two ones
that were already described in the previous sections: they are
not based on concrete applications but they do not try to take
into account all the concepts and principles of the collaborative
learning domain (as DELFOS did.)
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CLPs are represented according to the formalism that is
shown in Table 1. It also shows a CLP defining a very well-
known practice in Collaborative Learning: jigsaw [11]. Other
CLP’s (pyramid, simulation, etc…) have also been defined and
applied by the authors.

The use of CLPs depends on the particular software develop-
ment methodology that is employed. As a way of illustrating
these ideas, if a software development methodology based on
the widely accepted Unified Process (UP) [12] is chosen, the
information provided by CLPs might be used as the basis for
the derivation of actors and use cases, the conceptual model (al-
so known as domain model), and the analysis of the use cases
during the iterations of the so-called ‘Inception Phase’. 

Figure 3 shows UML (Unified Modelling Language) use
case and class diagrams representing use cases and conceptual
modelling for a software application that could eventually
support a collaborative learning activity of the type described
by the jigsaw CLP defined in Table 1. As it can be seen, the use
case diagram focuses on the identification of the functionality
needed for supporting the tasks performed by the different
actors involved in the CLP. On the other hand, the conceptual
or domain model reflects the types and the structure of the
information and groups described by the CLP, as well as the
interrelation among them. It can be seen, for instance, how
Jigsaw Group, and Expert Group classes are associated to
Global Problem and Subproblem classes which, at the same
time, maintain a relationship of aggregation between them.

Field Explanation Example

Name Name of the CLP Jigsaw

Problem Learning problem to be solved by the CLP Complex problem whose resolution implies the handling 
and/or collection of information that can be easily divided into 
disjoint sets and that can be used for the resolution of 
independent subproblems

Example A real-world learning activity suitable of being 
structured according to the CLP

Collaborative design of a computing system where the study 
of each subsystem is assigned to a particular participant

Context Environment type in which the CLP could be 
applied

Several small groups facing the study of a lot of information for 
the resolution of the same problem

Solution Description of the proposal by the CLP for solving 
the problem

Each participant in a group (jigsaw group) studies a particular 
subproblem. The participants of different groups that study the 
same problem meet in an "Expert Group" for exchanging 
ideas. At last, jigsaw group participants  meet to solve the 
whole problem. Each participant contributes with its 
"expertise"

Actors Actors involved in the Collaborative Learning 
activity described by the CLP

• Teacher
• Pupil
• Evaluator 

Types of Tasks Types of tasks, together with their sequence, 
performed by the actors involved in the activity. 
(NOTE: due to space restrictions only types of 
tasks performed by pupil and teacher are shown)

Pupil:
1. Access to the information related to the subproblem
2. Individual study of the subproblem
3. Subproblem discussion in the experts group
4. Problem resolution in the jigsaw group
5. Result proposition
6. Process self-evaluation

Teacher:
1. Global problem definition
2. Division of the problem into subproblems
3. Creation of jigsaw groups
4. Assignment of subproblems
5. Provision of useful information
6. Floor control system establishment
7. Decisions about control of time
8. Activity progress monitoring
9. Result evaluation

Types and structure of Information Description of the types of information identified 
in the collaborative activity and how they are 
related

• Input information needed for global problem resolution
• Partial information assigned to subproblems
• Subproblem resolution proposal
• Global problem resolution proposal
• Correct global problem resolution (optional)

Types and structure of Groups Description of the types of groups of pupils 
identified  in the collaborative activity and how 
they are related

• Jigsaw groups
• Experts groups in charge of subproblems

Table 1: Collaborative Learning Pattern Structure and Its Application to the Jigsaw Technique.
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After completing the UP incep-
tion phase using the information
provided by CLPs, and using nor-
mal software development tech-
niques prescribed (by UP in this
example), it is possible to obtain a
software design architecture for a
jigsaw CSCL application. Obvious-
ly, the authors recognize that it is
very difficult to prescribe a unique
way for achieving a specific soft-
ware design when starting from the
definition of a CLP. CLPs provide
clues and help for software devel-
opment but they do not intend to
dictate a complete software devel-
opment methodology.

In terms of software reusability,
the consequences of this approach
are very important: CLPs help
developers to understand concepts
and requirements involved in the
support of the different CSCL tech-
niques. This makes easier the iden-
tification of common software
components for CSCL applications
based on the same techniques.
These common components are,
potentially, more reusable that
those obtained from the develop-
ment of a particular CSCL applica-
tion.

CLP have been successfully
applied by the authors to the devel-
opment of the eLAO application,
already mentioned in Section 2.2.
Reuse of eLAO software compo-
nents is under evaluation by devel-
oping new CSCL applications
based on the same CLPs. Our first
findings show that, for instance,
those components that support tasks
in charge of teacher role, as well as
those related to information han-
dling, are, potentially, the most
reusable ones. Therefore, these
components are the most suitable
for becoming part of the pursued
CSCL component framework.

2.4 Synthesis of Results and 
Discussion

Authors’ experience, as described
in the previous sections, indicates
that the CBSD technology does not
guarantee by itself the achievement
of software reuse, flexibility and
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customisation. Domain-specific knowledge (collaborative
learning in this case) is, in this sense, an unavoidable requisite.
This fact leads to the conclusion that the availability of mecha-
nisms for enabling communication between domain experts
and software developers is more than desirable.

In the particular case of CSCL applications, the authors have
noticed that neither pure top-down nor bottom-up approaches
facilitate the identification of reusable software components:
they focus on very specific learning situations, which are hard
to generalize. Nevertheless, at least in the DELFOS-based
approach, learning situations have a very strong conceptual
base from the point of view of social constructivism (although
this derives in a difficult comprehension by software develop-
ers, which is much easier in the bottom-up approach).

Within this context, CLPs arise as the best alternative for
identifying and developing reusable CSCL components, as
they do not focus their attention on specific learning situations
but on common techniques to some of them. CLPs start from a
pragmatic vision since they are defined by practitioners, not by
pedagogues. However, the latter should validate them so as to
make sure that the defined CLPs conform to the principles of
social constructivism. Accordingly, CLPs can be considered as
an intermediate solution in terms of intelligibility by software
developers.

On the other hand, CLPs have a drawback: when generating
specific CSCL applications, developers must make an addition-
al effort for customizing and completing the components iden-
tified by means of CLP’s (see Table 1). In these cases, the CLP-
based approach can benefit from the capability of DELFOS for
dealing with the descriptions of specific collaborative learning
situations.

Conclusions and Future Work
CSCL is a rather new paradigm within educational soft-

ware that takes into account pedagogic aspects (that should not
be excluded from any approach to educational software devel-
opment). In this article several approaches undertaken by the
authors in order to identify and dimension software compo-
nents for a CSCL framework have been reviewed. This frame-
work aims to facilitating the development of reusable and
customisable collaborative learning applications. This work
has shown that the CLP-based approach is the best one in terms
of reuse. Nevertheless, this fact does not imply the exclusion of
the other two approaches.

In order to progress towards the achievement of a CSCL
component framework, several research lines have to be ex-
plored. For instance: deriving the CSCL framework as an ex-
tension to existing CSCW component frameworks; coordinat-
ing collaborative learning activities, based on CSCL
components, by applying workflow management principles to
standards for the description of learning situations (as IMS-
LD); and developing tools for enabling teachers and peda-
gogues to generate new and customized CSCL applications
built from components belonging to the CSCL component
framework.
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