
extended_abstract
The Foundations of an Ontology-Aware Authoring System for Collaborative Learning

1. PROBLEM AND MOTIVATION
In recent years, with the increasing use of technology, Artificial Intelligence 
has been gradually and successfully introduced into Education.  However, major 
challenges remain.  Among these, we are concerned how to represent the 
“knowledge” of intelligent authoring systems (IAS) and then how to use this 
knowledge efficiently, especially within the context of collaborative learning. 

Usual approaches provide their systems with a kind of “expertise” using a set 
of heuristics and domain theories built in the procedures (programming 
languages). This means that the programmers, not the systems, have an 
understanding of the knowledge being used. As a result, these systems cannot 
share or build new knowledge, ignore the existence of theories on which the 
knowledge is based, and finally cannot justify their recommendations 
systematically and scientifically [2;16] . As pointed out by [16]: “neither 
inference techniques nor beautiful theoretical formalism can contribute to an 
improvement of the situation”. 

To develop IAS to support collaborative learning (CL) is especially challenging 
in view of knowledge representation.  Current knowledge concerning CL is based 
on various learning theories, which are always expressed in natural language 
and are particularly complex given the context of group learning where the 
synergy among learner’s interactions affects the learning processes and hence 
learning outcome. It is in fact currently difficult for both humans and 
computers to clearly understand and differentiate between the various learning 
theories, yet, without their explicit representation, it is difficult to 
support the design of group activities based on well-grounded theoretical 
knowledge.

Our approach calls upon techniques of ontological engineering to, at first, 
establish a common understanding of what a learning theory is by representing 
it in terms of its explicitness, formalism, concepts and vocabulary.  This 
makes theories understandable both by computers and humans. We then propose 
sophisticated techniques of reasoning on these theories which allows dynamic 
guiding of instructional planning and an effective design of learning processes.

2. BACKGROUND AND RELATED WORK
Ontological engineering or ontology research is a quite new field in Computer 
science. It started in the early 90’s in the knowledge base community [17] and 
has been widely recognized due to its practical applicability and its potential 
to solve many problems related to different field, as for instance: information 
processing [15], semantic web [1], medicine[5], knowledge management [8], 
teaching and learning [9;19;23], among others. In practical terms ontological 
engineering helps to achieve the following [6;17]: (a) A common vocabulary and 
highly structured definition of concepts; (b) semantic interoperability and 
high expressiveness; (c) coherence and systematization of knowledge; and 
(d) meta-models and foundations for solving different problems in a variety of 
contexts.

In CSCL (Computer Supported Collaborative Learning) research previous works 
using ontologies have been successfully applied to solve problems such as: 
group formation [22], CL representing [10], interaction analysis [11] and 
modeling of learner’s development [12]. Our approach uses these previous 
achievements to (a) propose a formalization of learning theory for CL; (b) to 
create new techniques for effective design and analysis of group learning 
activities; and finally, (c) to provide foundations for a complete 
ontology-aware authoring system which can “really understand” the theories and 
reasoning based on their semantics. 

3. APROACH AND UNIQUENESS
Until now, with the achievements of using ontologies in CSCL presented in 
section 2, it is possible to successfully identify which kind of collaboration 
occurs in a CL session, understanding the essence of the group's interactions, 
and to estimate the expected educational benefits for each member. 
Nevertheless, there are some limitations: (a) there is no relation among 
interaction’s models and learner’s development; (b) we can not define what a 
learning theory is explaining for example, the learner’s development through a 
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set of events; (c) difficulty to blend learning theories rationally based on 
the models; and (d) There is no way to intervene while a CL session is taking 
place. For example, if a learner teaching another learner misunderstands the 
content, he will transfers the misunderstanding from the beginning until the 
end of the CL session.

To deal with the problems presented above, we analyze seven different learning 
theories [3;4;7;14;20;21;24], frequently used to supported CSCL activities, to 
clarify the relationships among interaction patterns, learning strategies, 
learner’s roles and learning goals. Thus, based on previous models of 
interaction processes and learner’s growth, presented respectively in [11] and 
[12], we defined an ontological structure to represent an excerpt of Learning 
Theory concept (part of this structure is illustrated in [13] at Figure 3). 

Through this structure we proposed a model called GMIP: Growth Model Improved 
by Interaction Patterns that can be represented as a graph [12;13]. This graph 
has twenty states to represent the levels of the learner’s development at a 
certain moment of learning and directed arrows to connect them. Each state is 
shortly represented by s(x,y). The x represents the stage of knowledge 
acquisition, while the y represents the stage of skill development. The 
directed arrows have labeled interactions that correspond to a set of 
activities extracted from theories [11;13] to facilitate the transitions 
between states (an example of this graph is illustrated in [13] at Figure 5).

For users (designers, teachers, educators), the GMIP allows the graphical 
visualization of learning theories, considering the relationships among 
strategies, interaction, roles and goals.  Thus, users can quickly understand 
the theories, their benefits and how to propose sequence of activities in 
compliance with them. For computers, it provides a formal structure which 
allows systems to “understand” the theories and to reasoning about actions 
(and other features) prescribed by them. With such possibility we can compare 
real interactions with interactions prescribed by theories to find problems in 
learning processes or to estimate educational benefits for learners. 
Furthermore, it is possible to, given a learner’s initial stage, suggest the 
best sequence of activities based on one or many theories that can lead the 
learner to achieve desired goals.

4. RESULTS AND CONTRIBUTIONS
The main contribution our research is to provide an ontological structure to 
describe learning theories and create techniques to use it rationally. Thus, it 
becomes the foundation to support the development of ontology-aware authoring 
systems by solving, at least partially, the problems presented in [16] 
including those discussed in the beginning of section 1 and 3. The proposed 
structure allows us to work with theories at the macro (strategies and goals) 
and micro levels (interactions and roles) and to create a link between them. 
This link clarifies, more precisely, how interactions can affect learner’s 
development which helps designers to select interactions and roles for each 
learner with justifications based on the theories. 

On the basis of our formal description of learning theories we also contribute 
by offering new alternatives for designing, guiding and analyzing CL sessions 
while a CL session is not finished, as opposed to adjustments after it has 
ended, as is usually the case. And finally, we create a rational method to 
blend learning theories that considers the levels macro and micro of each 
theory. Thus, we can combine semi-automatically different strategies at the 
macro-level and propose consistent sequence of activities for learner in a 
group at the micro-level which gives a feasible solution for the problem of 
designing inconsistent learning process discussed in [18]. That is, with our 
model we realize a guideline to blend learning theories which preserves the 
consistency of the learning process and guarantee a suitable path to achieve 
desired benefits.

The possibility of clarifying what a CL session is and to amplify its 
educational benefits has been a great challenge. In this context our approach 
offers a declarative representation of learning theories allowing computational 
support for analysis and designing of CL sessions in compliance with 
theoretical procedures and, because it can be explicitly demonstrated, is much 
more convincing and flexible than usual approaches.

Página 2



extended_abstract

5. REFERENCES
[1] Alonso-Jimenez J.A., Borrego-Diaz, J., Chavez-Gonzalez, A. M. and 
Martin-Mateos F. J., Foundational Challenges in Automated Semantic Web Data and 
Ontology Cleaning. IEEE Intelligent Systems, 21, 1, (Jan./Feb. 2006), 42-52.
[2] Bourdeau, J. and Mizoguchi, R. Collaborative ontological engineering of 
instructional design knowledge for an ITS authoring environment. In Proceeding 
of the International Conference on Intelligent Tutoring Systems (Biarritz, 
France, June 2-7, 2002). Lecture Notes in Computer Science 2363, Springer, 
Berlin, 2002, 399-409.
[3] Collins, A. Cognitive apprenticeship and instructional technology. 
Educational values and cognitive instruction, LEA, 1991, 121-138.
[4] Cognition and Technology Group at Vanderbilt. Anchored instruction in 
science education. Philosophy of science, cognitive psychology, and educational 
theory and practice, Albany, NY, SUNY Press, 1992, 244-273.
[5] Crubezy, M., O'Connor, M. J., Buckeridge, D. L., Pincus, Z. S., Musen, M. A.
Ontology-Centered Syndromic Surveillance for Bioterrorism. IEEE Intelligent 
Systems, 20, 5, (2005), 26-35.
[6] Devedzic, V. Understanding Ontological Engineering. Communications of the 
ACM, 45, 4, (April 2002), 136-144.
[7] Endlsey, W. R. Peer tutorial instruction, Educational Technology, Englewood 
Cliffs, NJ, 1980.
[8] GRUBER, T. Towards principles for the design of ontologies used for 
knowledge sharing. International Journal of Human-Computer Studies 43, 5/6, 
(1995), 907-928.
[9] Inaba, A. and Mizoguchi, R. Learners’ roles and predictable educational 
benefits in collaborative learning: an ontological approach to support design 
and analysis of CSCL. In Proceeding of the International Conference on 
Intelligent Tutoring Systems (Maceio, Brazil, Aug. 30 - Sep. 3, 2004). Lecture 
Notes in Computer Science 3220, Springer, Berlin, 2004, 285-294.
[10] Inaba, A., Supnithi, T., Ikeda, M., Mizoguchi, R. and Toyoda, J. How Can We
Form Effective Collaborative Learning Groups?. In Proceeding of the 
International Conference on Intelligent Tutoring Systems (Montreal, Canada, June
19-23, 2000). Lecture Notes in Computer Science 1839, Springer, Berlin, 2000, 
282-291.
[11] Inaba, A., Ohkubo, R., Ikeda, M. and Mizoguchi, R. Models and Vocabulary to
Represent Learner-to-Learner Interaction Process in Collaborative Learning. In 
Proceeding of the International Conference on Computers in Education (Wanchai, 
Hong Kong, Dec. 2-5, 2003), IOS Press, Amsterdam, 2003, 1088-1096.
[12] Inaba, A., Ikeda, M. and Mizoguchi, R. What Learning Patterns are Effective
for a Learner’s Growth?. In Proceeding of the International Conference on 
Artificial Intelligence in Education (Sydney, Australia, July 20-24, 2003). IOS 
Press, Amsterdam, 2003, 219-226.
[13] Isotani, S. and Mizoguchi, R. A Framework for Fine-Grained Analysis and 
Design of Group Learning Activities. In Proceeding of the International 
Conference on Computers in Education (Beijin, China, Nov. 30- Dec. 3, 2006, to 
appear). Available at: 
http://www.ei.sanken.osaka-u.ac.jp/~isotani/artigos/ICCE06_paper.pdf
[14] Lave, J., Wenger, E. Situated Learning: Legitimate peripheral 
participation, New York, NY, Cambridge University Press, 1991
[15] MEGHINI, C., SEBASTIANI, F., AND STRACCIA, U. A Model of Multimedia 
Information Retrieval. Journal of ACM 48, 5, (2001), 909-970. 
[16] Mizoguchi, R. and Bourdeau, J. Using Ontological Engineering to Overcome 
AI-ED Problems. International Journal of Artificial Intelligence in Education, 
11, 2, (2000), 107-121.
[17] Mizoguchi, R. Tutorial on Ontological Engineering - Part 1. New Generation 
Computing, 21, 4, 2003, 365-384.
[18] Oliver, M. & Trigwell, k. Can ‘Blended Learning’ Be Redeemed?. E-Learning, 
2, 1, (2005), 17-26.
[19] Psyche, V., Bourdeau, J., Nkambou, R., Mizoguchi, R. Making Learning Design
Standards Work with an Ontology of Educational Theories. In Proceedings of the 
International Conference on Artificial Intelligence in Education (Amsterdam, The
Netherlands, July 12-22, 2005). IOS Press, Amsterdam, 2005, 539-546.
[20] Salomon, G. Distributed Cognitions, New York, NY, Cambridge University 
Press, 1993
[21] Spiro, R.J., Coulson, R.L., Feltovich, P.J., & Anderson, D.K. Cognitive 
flexibility theory: Advanced knowledge acquisition in ill-structured domains. In
annual conference of the cognitive science society. Lawrence Erlbaum Associates,

Página 3



extended_abstract
1988, 375-383.
[22] Supnithi, T., Inaba, A., Ikeda, M., Toyoda, J. and Mizoguchi, R. Learning 
Goal Ontology Supported by Learning Theories for Opportunistic Group Formation. 
In International Conference on Artificial Intelligence in Education (Le Mans, 
France, 1999). IOS Press, Amsterdam, 1999, 67-74.
[23] Wang H.-C. and Hsu C.-W. Teaching-Material Design Center: An ontology-based
system for customizing reusable e-materials. Computers and Education, 46, 4, 
(2006), 458-470.
[24] Vygotsky, L.S. Mind in Society: The Development of Higher Psychological 
Processes. Cambridge, MA, Harvard University Press, 1978.

Página 4


