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Collaborative learning (CL) has a long history in Education. Nevertheless, with the fast development of
technologies that enhance collaboration and communication, recently, this approach has been attracting more
attention and is becoming a popular method used in classrooms, e-learning environments, and enterprises. Over
the past decades, research on computer-supported collaborative learning (CSCL) has been providing useful
technologies that enable people to learn collaboratively.

Although these technologies have stimulated the use of group activities to support learning, many researchers
have noted problems with a lack of intelligent tools and a more systematic approach to support pedagogically
sound group formation and the adequate design of collaborative learning activities.

In any type of collaboration, group formation and collaborative learning design play a critical role in the
learners’ acceptance of group activities, as well as the success of the learning process. Nevertheless, proposing an
effective and pedagogically sound group formation together with an adequate sequence of learning activities is a
complex issue. This is due to the context of group learning where the synergy among learners’ interactions
affects learning processes and, hence, the learning outcome. Without a well-thought-out design for CL activities,
the chance of having an effective collaboration decreases considerably.

To support the design of collaborative learning scenarios through technology, it is helpful to have a clear
and conveyable understanding of many learning theories and their features. However, it is difficult for users
(e.g., instructors) to have such a common understanding. To overcome this problem the CSCL community has
made a great effort to define CSCL scripts which aim to provide guidelines for a more structured and meaningful
collaboration. Many advances have been made in this direction. Nevertheless, a more systematic approach to the
group formation and the design of collaborative learning activities is still lacking. With the limitations of the
current technology to describe scripts, it is difficult to develop intelligent authoring systems that can guide users
in order to produce better collaborative learning experiences.
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One of the main difficulties with creating a more consistent (computer-understandable) approach to
designing collaboration and forming groups is the necessity of proposing better ways to formalize collaborative
learning processes. Without such formalism, we cannot build the knowledge required to develop intelligent
support systems that help users to create scenarios where learners are able to interact more effectively.

In this thesis, we present an innovative approach that uses ontological engineering techniques and
concepts from learning theories to create an ontology-based framework that represents collaborative learning
and its processes. An ontology is a system of fundamental concepts semantically represented in a
computer-understandable manner. In our context, ontologies provide the necessary formalization to represent
collaboration and its processes, while learning theories provide the concepts to justify and support the
development of effective collaborative learning scenarios that stimulate the occurrence of meaningful
interactions among learners. The use of ontologies also helps in the development of sharable and reusable
knowledge that can be incorporated into a wide variety of intelligent systems and applications.

Thus, the contribution of this thesis is divided into four parts. The first part covers the development of an
ontological structure and a graphical model where we can explicitly and formally represent collaborative
learning, learning theories, and other techniques for collaboration. Such formalization allows for a more
systematic approach to designing collaborative learning scenarios that can be used for both humans and
computers.

The second part provides substantial support for the creation and uses interaction patterns for CSCL based
on learning theories, best practices or CSCL scripts. Through the use of our ontological framework, it is possible
to offer a high degree of expression that minimizes the problem of representing collaborative activities in formal
language, and provides the semantically rich structure required to create computer-understandable CSCL
scenarios.

The third part covers a novel method for group formation using ontologies and concepts from learning theories.

It consists of, first, understanding students’ needs (learning goals) and then selecting learning theories to form a
group and design more personalized activities that help the members of a particular group achieve their goals.
The results of an experiment conducted in real scenarios suggest that our method is, in many cases, better than
conventional approaches for group formation, facilitates the effective design of group activities, and can
positively affect the performance of individuals during group learning.
Finally, the fourth part exemplifies how to use our results to support the development of the next generation of
intelligent systems, referred to as theory-aware systems. Based on ontologies, our proposed theory-aware system,
referred to as CHOCOLATO, is able to reason using theories and their features to make pedagogical decisions
and suggestions that prevent unexpected interpretations of the theories while designing CL scenarios; provide
common vocabulary to describe these scenarios; and offer enough information for computational semantics to
allow for “intelligent” guidance during the creation of theoretically-sound CL activities. The results of several
experiments conducted in real environments suggest that CHOCOLATO helped instructors to more easily create
theory-based CL scenarios that support the achievement of desired learning goals. Furthermore, the
implementation of these CL scenarios created favorable conditions for learners to perform interactions more
effectively and thereby improving their learning development.
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