
�
�������	
������ ���������	���� �
�����

 
 
 
 
 
 
 
 
 
 
 
 
 
 

���������	
���������	
���������	
���������	
���	�����	�����	�����	��
��
��
��
��



������������
�����������
��

�����������
��

�����������
��

�����������
��


��		���������
��������
�������������		���������
��������
�������������		���������
��������
�������������		���������
��������
�����������











���	���	�����
�
���
���������

�

�

���������� 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

Universidade Federal de Pernambuco 
posgraduacao@cin.ufpe.br 

www.cin.ufpe.br/~posgraduacao 
 
 

RECIFE, MARCH/2007 



i 

�

���������	��
�����	�
��
���	�����


������
��
����������	


�����	��	���
��
������	
�	
�����	���


 
                                                        
 
 
 
 
 
 
 
 
 



�����������	
�����������
���
 
 
 
 
 
 

� � ���� ���	����	� � � �� ��� � ��� �������� �� �� ���
� � 		�
� ���� ��� ������ �� �� �� �� ����






 
 
 
Submitted in partial fullfilment of the requirements for the 
degree of Doctor of Philosophy 

 
 
 
 
 
 
Supervisors: Profa. ANA CAROLINA SALGADO, PhD 
        Profa. PATRÍCIA C. A. R. TEDESCO, PhD  

 
 
 
 
 
 

RECIFE, MARCH/2007 

�



ii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Siebra, Sandra de Albuquerque 
 Contextual analysis of users interactions in 

collaborative learning environments / Sandra de 
Albuquerque Siebra.  –  Recife : O Autor, 2007.                                                                                                                                                                                                                                                                             

      x, 140 folhas :  il., fig., tab. 
    

       Tese (doutorado) – Universidade Federal de 

Pernambuco. CIn. Ciência da computação, 2007. 

 
       Inclui bibliografia e apêndices. 
 

1. Educação a distância. 2. Análise de interações. 3. 

Contexto. 4. Modelagem Multidimensional.  I. Título. 

 
    

 371.334             CDD (22.ed.)          MEI2007-089                                                                                                                                                                                                                                                              
 
 



iii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To my mother. 
 
 
 
 
 
 
 
 
 

�� ��� ����	�
�������
��� ������������	�������
��� �������
�� ����	���		�	��
��	� 

(Helmut Schmidt) 



iv 

ACKOWLEDGMENTS 
 

��
	������������� �������������������������
����
� ���� �� ������������!������ ���������	���	�"�

��� ����������������������
!���!������	����
��� ������
������� ����
�� ��������	�
�	��
�"�

#���������	�� �� �������� ��������������	��!��
���
���������$�
�		�� !� 
��������		����	�� ��

� �
�	������ !�� ����
���� �� �������
��
�����
�����������
�����
	������ ����	�� ����������������

� ��� 
����!����
�������������	�� �
���������� ���"�

� # 
����
�%��
��	�����
����	�&���������'����
����� ������%�����"""�

� (
�� ��
���� 
��������) ��	*���&����
������	��
��'���	��

������	���"�#��%�+ ����� ���������

�� �� ����
�� � �	� �� ������� �	� ��	�	� ��
���� � �� ��		,���	"� # 
������ ��
� -��� ��
� ������� �	�

��		��	��
��	����	���
�	��
��	������ ����� ����"�

� ) ����	��� 
�����������
��'���������	���������� �� ����
� �����
�����������
���� �������� �

� ���������� ����������
���,
�� ���
����
����&��'����	����
������"�. ���. / �0 1 �1 23�4#) #*�

� #����� �	�� �
��� ����� ������������
����5��������� �"��

� #����� �� ��������������������� ���������
�����
�������������		���
��"�

� #�	�������
�� ��� �
���	���	����������	��� *��	�� ������	������� �
���������������� ����

�	���	����	���
���'��	��
������	������	�
�	�	������
������	�
�		����	���� �����6�	�����

����'����

	�� ���	���
 ���������,����������������7�"�

� #�	������� ��
�����
�� ���	���� 
��	�������	���
�� ��	� 
���	����������������������
������

����
�� �����
8������������ �� �
�
�� ��� � ���	������	��	����	��
�� �	���
�����	�����%���
�� ��	�

�������	����
������������������ �������� ��
�������"�

� #�	� ���� ��� �� ��� ���� ���
�� � 	�� � 
����
� �� ������� �����'�� ��
����� ����� �		�� ��� ��"�

# 
�������� ��	��������	������$�
�		�
�� ������		�
�� ����������&��������"��

� #����� ��
���������

� ����
�������	� �
���������� ����
�	������&�	�����"�

� #����� ��� � ��
����������� ��� � ����
��"�#����� ������� �
���� � ��������� ���$� ����	�

�8 
�� �	"�#����� �� ����&�
�
���%�� �	� ������ ����
9�
�����	�	��
�"�

� #� ���� � ���� �� �� ��
��� ��� �� ���� �����'��� �� � ���	�� �� � 
���
:���	�� �� � �� '�� ���

� �		������ ������������"�#����� ��� ��
�������	�����	� �
�������������
����� ���� ���������"�#�

���� �	9��������������'����������
��� �	��'���;�����
��� �� �� �����"�

� #����� �	����&��
�	������������ ������
���	����8
��"�#����� ���&������	�'�������
���	���
�

���,��	�� �	� ������	9���
��<� �������������� ���	
����� ��	� �� ����. = + ����	9��� ����	�� ����"�

� #� ���� ������ ��� ��
������$������� ����� ����� � 	��:���"�#����� �� ����������%� ������� ���

� �	� ���'���
��������� ��	��� �� �� "��



v 

#����� ��
������������
������� �	� ����������	���	�	���
���� ��'����
��
��"�

� -�������� ����"""��

>#�	������ ���� �
�� ����
�	����� ���?� �������
� ���?"�

������ ����	�������	�
�,�� ����	����">��
(Fábio Garcia)  



vi 

 ABSTRACT  
 

 

Interactions in CSCLE (Computer-Supported Collaborative Learning Environments) are 

one of the most important visible aspects of collaboration. The analysis of these interactions 

can provide support for the students' reflection and self-regulation processes and for the 

teachers' activities. But to perform the analysis process, it is important to discover and register 

the context where each interaction has occurred, in order to understand the meaning of user 

interactions. However, there is a lack of methods and tools for Interaction Analysis in CSCL 

that consider: (1) the context where the interactions have occurred; (2) the different needs of 

feedback from the point of view of teacher and students; and (3) the necessity of 

contextualized historical information to produce more complete reports for students and 

teachers. In this light, aims to provide good quality just-in-time feedback for both students 

and teachers, this thesis presents a Context-Based Process for Interaction Analysis that 

structures the interactions, taking into account the context where the interactions occur. After 

that, it stores the interactions in a multidimensional repository called LIM (Learning 

Interaction Memory) and, finally, uses analytical queries to explore and analyse the stored 

information from different perspectives (dimensions), according to the user’s needs. This 

thesis also presents a Context-Based Analytical Environment called SmartChat+: an 

environment for collaborative discussions of specific subjects that performs the defined 

Context-Based Process. In fact, the initial experimentation of this environment is detailed and 

the results of the exploratory studies are discussed, indicating the feasibility of the proposed 

process and its potential to support effective learning. 

 

Keywords: Interaction Analysis, Context, Multidimensional Modelling, Collaborative 

Learning. 
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RESUMO  
 

As interações realizadas através de Ambientes de Aprendizagem Colaborativa 

suportados por Computador (AAC) são um dos aspectos visíveis mais importantes da 

colaboração. A análise dessas interações pode dar suporte aos processos de reflexão e auto-

avaliação dos estudantes e às atividades dos professores. Porém, para executar o processo de 

análise, é importante descobrir e registrar o contexto onde cada interação ocorreu, a fim de 

entender o verdadeiro significado das interações dos usuários. Entretanto, faltam métodos e 

ferramentas para a Análise de Interações em AAC que considerem: (1) o contexto onde as 

interações ocorreram; (2) a diferença de necessidades do ponto de vista do professor e do 

estudante; e (3) a necessidade de informações históricas contextualizadas, para produzir 

relatórios mais completos para estudantes e professores. Neste cenário, objetivando prover 

suporte de boa qualidade para estudantes e professores, essa tese apresenta um Processo para 

Análise de Interações baseado em Contexto, que estrutura as interações, levando em 

consideração o contexto onde elas ocorreram. Depois disso, ele armazena as interações em um 

repositório multidimensional chamado LIM (Memória de Interações de Aprendizagem) e, 

finalmente, usa consultas analíticas para explorar e analisar as informações armazenadas sob 

diferentes perspectivas (dimensões), de acordo com as necessidades dos usuários. Essa tese 

também apresenta um Ambiente Analítico baseado em Contexto chamado SmartChat+: um 

ambiente para discussões colaborativas de assuntos específicos que segue o Processo baseado 

em Contexto definido. A experimentação inicial desse ambiente é detalhada e os resultados 

dos experimentos são discutidos, indicando a viabilidade do processo proposto e seu potencial 

para apoiar ao aprendizado. 

 

Keywords: Análise de Interações, Contexto, Modelagem Multidimensional, Aprendizagem 

Colaborativa. 



viii 

CONTENTS 
 

CHAPTER 1 - INTRODUCTION....................................................................................... 3 

1.1 MOTIVATION................................................................................................................. 6 
1.2 GOALS .......................................................................................................................... 8 
1.3 PLANNED CONTRIBUTIONS ............................................................................................ 9 
1.4 DOCUMENT ORGANISATION......................................................................................... 11 

CHAPTER 2 - COLLABORATION AND COLLABORATIVE ENVIROMENTS ...... 13 

2.1 COLLABORATIVE LEARNING ........................................................................................ 14 
2.2 COLLABORATIVE LEARNING ENVIRONMENTS............................................................... 17 

2.2.1 Examples of CSCLE ............................................................................................ 18 
2.3 CSCL ENVIRONMENTS COMPARISON........................................................................... 32 
2.4 FINAL CONSIDERATIONS.............................................................................................. 36 

CHAPTER 3 – A CONTEXT-BASED PROCESS FOR INTERACTION ANALYSIS . 38 

3.1 THE PROCESS .............................................................................................................. 38 
3.2 PHASE I - INTERACTION STRUCTURING......................................................................... 39 

3.2.1 Motivation ........................................................................................................... 40 
3.2.2 Argumentation Models......................................................................................... 42 
3.2.3 Phase I Specification ........................................................................................... 43 

3.3 PHASE II - INTERACTIONS CONTEXTUALIZING .............................................................. 47 
3.3.1 Context ................................................................................................................ 47 
3.3.2 Phase II Specification .......................................................................................... 50 

3.4 INTERACTIONS MODELLING ......................................................................................... 54 
3.4.1 Multidimensional Modelling ................................................................................ 55 
3.4.2 Phase III Specification......................................................................................... 56 

3.5 PHASE IV - INTERACTION ANALYSIS ............................................................................ 58 
3.5.1 Phase IV Specification......................................................................................... 59 

3.6 RELATED WORK.......................................................................................................... 61 
3.7 FINAL CONSIDERATIONS.............................................................................................. 64 

CHAPTER 4 – A CONTEXT-BASED ENVIRONMENT FOR INTERACTION 
ANALYSIS......................................................................................................................... 66 

4.1 THE ENVIRONMENT ARCHITECTURE ............................................................................ 66 
4.2 SMARTCHAT ............................................................................................................... 68 

4.2.1 SmartChat Interfaces Description........................................................................ 68 
4.3 THE AGENT SOCIETY................................................................................................... 72 

4.3.1 Monitor Agent ..................................................................................................... 72 
4.3.2 Modeller Agent.................................................................................................... 74 
4.3.3 Contextual Repository ......................................................................................... 76 
4.3.4 Domain Knowledge Base..................................................................................... 76 
4.3.5 Interaction Log.................................................................................................... 78 

4.4 LIM GENERATOR ........................................................................................................ 78 
4.5 LEARNING INTERACTION MEMORY .............................................................................. 78 
4.6 REPORT GENERATOR ................................................................................................... 78 
4.7 IMPLEMENTATION ISSUES ............................................................................................ 82 

4.7.1 Contextual Repository ......................................................................................... 82 



ix 

4.7.2 Production Rules ................................................................................................. 84 
4.7.3 The Domain Ontology.......................................................................................... 85 
4.7.4 The LIM............................................................................................................... 85 
4.7.5 Analytical Queries ............................................................................................... 86 

4.8 AN INTERACTION EXAMPLE......................................................................................... 90 
4.9 FINAL CONSIDERATIONS.............................................................................................. 95 

CHAPTER 5 – EXPLORATORY STUDIES AND RESULTS........................................ 97 

5.1 MAIN GOALS............................................................................................................... 97 
5.2 METHODOLOGY .......................................................................................................... 97 
5.3 FIRST GROUP OF EXPLORATORY STUDIES .................................................................... 99 

5.3.1 Procedure.......................................................................................................... 101 
5.3.2 Results............................................................................................................... 101 

5.4 SECOND GROUP OF EXPLORATORY STUDIES............................................................... 102 
5.4.1 Procedure.......................................................................................................... 104 
5.4.2 Results............................................................................................................... 104 

5.5 THIRD GROUP OF EXPLORATORY STUDIES ................................................................. 106 
5.5.1 Procedure.......................................................................................................... 109 
5.5.2 Results............................................................................................................... 110 

5.6 FOURTH GROUP OF EXPLORATORY STUDIES............................................................... 112 
5.6.1 Procedure.......................................................................................................... 112 
5.6.2 Results............................................................................................................... 113 

5.7 DISCUSSION .............................................................................................................. 114 
5.8 FINAL CONSIDERATIONS............................................................................................ 116 

CHAPTER 6 – CONCLUSION AND FURTHER WORK ............................................ 118 

6.1 CONTRIBUTIONS ........................................................................................................ 119 
6.2 LIMITATIONS............................................................................................................. 122 
6.3 FURTHER WORK........................................................................................................ 123 
6.4 FINAL CONSIDERATIONS............................................................................................ 123 

REFERENCES ................................................................................................................ 125 

APPENDIX A – SPEM NOTATION .............................................................................. 133 

APPENDIX B – INTERVIEW QUESTIONS................................................................. 134 

APPENDIX C – USABILITY EVALUATION QUESTIONNAIRE............................. 135 

APPENDIX D – SMARTCHAT+ EVALUATION QUESTIONNAIRE....................... 137 

APPENDIX E – FEEDBACK EVALUATION QUESTIONNAIRE – STUDENTS’ 
VERSION......................................................................................................................... 139 

APPENDIX F – FEEDBACK EVALUATION QUESTIONNAIRE – TEACHERS’ 
VERION........................................................................................................................... 140 

 



x 

LIST OF FIGURES 
 
 
FIGURE 2.1 - PORTION OF DIALOGUE FROM THE CONFERENCE SERVICE (PIMENTEL ET. AL. 2005) ......................... 20 
FIGURE 2.2 - PORTION OF DIALOGUE FROM THE DEBATE SERVICE (PIMENTEL ET. AL. 2005) ................................. 20 
FIGURE 2.3 - TREE DERIVED FROM A CONFERENCE WITH THE MESSAGE CATEGORIES (PIMENTEL ET AL. 2005). .... 21 
FIGURE 2.4 - COMET’S INTERFACE (SOLLER ET AL. 2002)...................................................................................... 24 
FIGURE 2.5 - COLER COLLABORATIVE STUDENT INTERFACE (CONSTANTINO-GONZALEZ AND SUTHERS 2001) .. 25 
FIGURE 2.6 - BETTERBLETHER'S CONTRIBUTION WINDOW (ROBERTSON ET AL. 1998) ......................................... 28 
FIGURE 2.7 - DIALAB SYSTEM'S INTERFACE (MOORE 1993)................................................................................... 30 
FIGURE 2.8 - OXENTCHE-CHAT INTERFACE (VIEIRA ET AL. 2004)........................................................................ 31 
FIGURE 2.9 - TEACHER'S REPORT WINDOW (VIEIRA 2004) ..................................................................................... 32 
FIGURE 3.1 - PHASES OF THE CONTEXT-BASED PROCESS FOR INTERACTION ANALYSIS ........................................ 38 
FIGURE 3.2 - IBIS ARGUMENTATION MODEL (KUNZ AND RITTEL 1970) ............................................................... 42 
FIGURE 3.3 - PHASE I: INTERACTIONS STRUCTURING ............................................................................................. 44 
FIGURE 3.4 – THE PROPOSED ARGUMENTATION MODEL ....................................................................................... 45 
FIGURE 3.5 – EXAMPLE OF DISCUSSION USING THE ARGUMENTATION MODEL ...................................................... 46 
FIGURE 3.6 - EXAMPLE OF A DISCUSSION GRAPH FOR THE EXAMPLE OF DISCUSSION IN.......................................... 47 
FIGURE 3.7 - PHASE II: INTERACTION CONTEXTUALIZING ..................................................................................... 50 
FIGURE 3.8 - FACT AND DIMESIONS TABLES IN A STAR SCHEMA EXAMPLE........................................................... 56 
FIGURE 3.9 - PHASE III: INTERACTIONS MODELLING AND STORING....................................................................... 57 
FIGURE 3.10 - LIM'S MULTIDIMENSIONAL MODEL ................................................................................................ 58 
FIGURE 3.11 - PHASE IV: INTERACTIONS ANALYSING AND FEEDBACK GENERATION ............................................ 59 
FIGURE 4.1- PROTOTYPE'S ARCHITECTURE ............................................................................................................ 67 
FIGURE 4.2 – LOGIN INTERFACE............................................................................................................................. 68 
FIGURE 4.3 - FIRST PAGE OF THE INITIAL QUESTIONNAIRE ..................................................................................... 69 
FIGURE 4.4 - LAST PAGE OF THE INITIAL QUESTIONNAIRE ...................................................................................... 69 
FIGURE 4.5 - MESSAGE HISTORY............................................................................................................................ 70 
FIGURE 4.6 - SMARTCHAT INTERFACE ................................................................................................................... 71 
FIGURE 4.7 - USER STEREOTYPES........................................................................................................................... 74 
FIGURE 4.8 - EXAMPLE OF ON-LINE FEEDBACK ..................................................................................................... 75 
FIGURE 4.9 – A SAMPLE OF THE OBJECT-ORIENTATION DOMAIN ONTOLOGY IN UML(BEZERRA 2006)................ 77 
FIGURE 4.10 - TEACHER STATISTICAL REPORT IN DETAILS.................................................................................... 79 
FIGURE 4.11 - STUDENT STATISTICAL REPORT IN DETAILS .................................................................................... 80 
FIGURE 4.12 - CONTEXTUAL REPOSITORY IMPLEMENTED USING XML.................................................................. 82 
FIGURE 4.13- CONTEXTUAL REPOSITORY IMPLEMENTED USING A RELATIONAL DATABASE................................... 83 
FIGURE 4.14 - EXAMPLE OF PRODUCTION RULE..................................................................................................... 84 
FIGURE 4.15 - DOMAIN ONTOLOGY........................................................................................................................ 85 
FIGURE 4.16 - VISUAL METAPHOR FOR A DATA CUBE............................................................................................. 87 
FIGURE 4.17 - STUDENT REPORT USING THE OLAP TOOL ..................................................................................... 89 
FIGURE 4.18 - TEACHER REPORT USING THE OLAP TOOL ..................................................................................... 89 
FIGURE 4.19 - DRILL-DOWN OPERATION IN THE TEACHER REPORT IN FIGURE 4.18 .............................................. 90 
FIGURE 4.20 - FILTERING OPERATION IN THE TEACHER REPORT IN FIGURE 4.18................................................... 90 
FIGURE 4.21 - MESSAGE HISTORY OF THE INTERACTION EXAMPLE ....................................................................... 92 
FIGURE 4.22 - DISCUSSION USING SMARTCHAT+................................................................................................... 93 
FIGURE 4.23 – OLAP REPORT GENERATED FOR THE USER ALDREY...................................................................... 93 
FIGURE 4.24 - STUDENT REPORT SHOWED TO THE USER ALDREY........................................................................ 94 
FIGURE 4.25 - TEACHER REPORT SHOWED TO THE USER SAS ................................................................................. 94 
FIGURE 5.1 – FIRST VERSION OF THE SMARTCHAT INTERFACE ............................................................................ 100 
FIGURE 5.2- SECOND VERSION OF SMARTCHAT INTERFACE ................................................................................ 103 
FIGURE 5.3 - FINAL SMARTCHAT INTERFACE....................................................................................................... 108 
FIGURE 5.4 - MESSAGE HISTORY.......................................................................................................................... 108 
 



xi 

LIST OF TABLES 
 
 
TABLE 2.1 - COMPARATIVE ANALYSIS OF CSCL ENVIRONMENTS WITH FOCUS ON COMMUNICATION ................... 35 
TABLE 3.1 - CONCEPTUAL FRAMEWORK FOR INTERACTION ANALYSIS CONTEXT ................................................. 51 
TABLE 5.1 - FIXED VALUES FOT THE ENVIRONMENT CONTEXT ........................................................................... 107 
TABLE 5.2 - FIXED VALUES FOT THE ACTIVITY CONTEXT ................................................................................... 107 
TABLE 5.3 - FIXED VALUES FOT THE GROUP CONTEXT........................................................................................ 107 
TABLE 5.4 - A SUMMARY OF THE EXPLORATORY STUDIES .................................................................................. 115 
TABLE 6.1 - COMPARATIVE ANALYSIS OF CSCLE WITH FOCUS ON COMMUNICATION INCLUDING SMARTCHAT+120 
 
 
 
 
 
 
 
 
 
 
 
 



 2 

 

 
 
 
 
 

Chapter 1 
���������	�� 

��������	
��
��������������
��
��
��������	������
��
����������������
�
�����
����

�
��������	�������������
����

�
 

 

 

 

 

 

 

 



 3 

Chapter 1 - INTRODUCTION 

In Education, the ideas of Vygotsky (1978) and his followers have brought up 

evidences that we can learn more when doing it in the social context of a group. Interacting 

with our peers gives us a forum to discuss our ideas, to take a stand on our views, to reflect 

about and to elaborate on them. Potentially, at least, collaboration can produce better 

results than individual work. A complementing of skills and individual efforts occurs in a 

group. By collaborating, members of a group receive feedback that permits them to 

identify inconsistencies and communication breakdowns in thinking processes early on. 

Consequently, they can, together, seek ideas, information and resources to resolve 

problems. The contribution of different understandings as well as the exposure to 

alternative points of view can enhance learning (Fuks et al. 2003). 

In this scenario, collaboration can be defined as the co-construction of knowledge 

with the mutual engagement of participants (Levy 1990). Collaborative Learning is a 

strategy in which small teams, each with students of different levels of ability, use a variety 

of learning activities to improve their understanding of a subject. Each member of a team is 

responsible not only for learning what is taught but also for helping team mates learn, thus 

creating an atmosphere of achievement and collaboration (Dillenbourg 1999). As 

Vygotsky (1978) pointed out, in a collaborative scenario, students exchange their ideas for 

coordinating activities when they work for reaching common goals. When learners work in 

groups they reflect upon their ideas (and those of their colleagues), explain their opinions, 

consider and discuss those of others, and as a result, they learn. Thus, each learner acquires 

individual knowledge from the collaborative interaction.  

Collaborative Learning can be carried out with the help of environments that enable 

communication, exchange of ideas, decision making, as well as facilitate collective 

activities, called Computer Supported Collaborative Learning Environments - CSCLE 

(Barros and Verdejo 2000). When using these environments, students develop mental 

models and carry out tasks. Moreover, learners become motivated through the interaction 

with their peers and the formation of virtual communities (Kreijns et al. 2002). CSCLE 

allow students to be geographically dispersed and to engage in their learning tasks, meeting 
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and discussions at any time, hence dismissing the need for co-presence - being physically 

together at the same location. 

In general, CSCLE can offer excellent opportunities to students and teachers to share 

and solicit knowledge through the interaction. In most situations, articulation, 

argumentation and negotiation of multiple perspectives, are considered to be the main 

mechanisms that can promote Collaborative Learning (Baker 1994; McManus and Aiken 

1995; Veerman 2000; Soller et al. 2002). Despite the fact that recent information and 

communication technologies have favoured the appearance of several virtual learning 

environments at a reasonable cost, such environments still suffer from student’s lack of 

motivation and high rates of evasion. Students need feedback and guidance from the 

system to learn effectively in groups (Soller et al. 1999). Moreover, they need some tool 

that supports them in the reflection, self-regulation1 and self-evaluation process, which are 

some of the most essential abilities to the learning process (Boud et. al. 1985). 

Thus, an extremely important role played by teachers is to guide and evaluate 

students, mediating and encouraging their discussions in CSCLE. However, this task can 

be cumbersome when the number of participants and quantity of interactions increase. 

Furthermore, teachers generally do not have enough information to decide the best moment 

to interact with students, or to evaluate their learning process (Levy 1990). Consequently, 

the need for tools that support the teacher in assessing and observing the students 

interaction and individual progress comes to light.  

One way to improve the teacher-student relationship in virtual classrooms is to 

provide information about the students’ learning styles, progress and common doubts to 

the teacher. Indeed, most CSCLE do not support teachers in their activities and necessities 

in the environment. For example, most CSCLE do not provide reports about the students’ 

progress or about their performance within the environment or during chat sessions with 

teachers. Such systems usually offer support only for students and such a support is often a 

quite generic or limited (e.g., only some quantitative values). In other words, even though 

the environments provide resources (e.g., communications tools and simple reports), these 

resources are often not enough for learners and teachers to work together in improving the 

learning process. 

                                                
1 Self-regulated learning refers to the processes by which individual learners attempt to monitor and control 
their own learning 
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The support for teachers and students could be provided by using information that 

can be acquired through the evaluation and diagnosis of interactions that occur among 

students and/or students and their teacher. The analysis of these interactions enables 

teachers, for example, to: (1) find out both the most difficult and most interesting subjects 

for a specific student or group of students; (2) follow the students’ evolution, finding the 

smarter learners in each subject, so that they can be used as peer tutors for students having 

difficulties; and (3) detect apathetic students who need to be motivated. Moreover, a 

mechanism to evaluate the interactions could help users to reflect on, to discuss about a 

specific theme and to collaborate with other students in the environment. This mechanism 

can also help students to focus their attention on mutually shared objects and subjects 

being discussed, incentivate the collaboration among them and keep students motivated 

(Järvelä et al. 1999). 

However, the evaluation, organisation, storage and management of information 

related to the interactions that occur in CSCLE are complex tasks. Furthermore, to 

understand the meaning of user interactions, it is important to discover and register the 

context where each interaction has occurred (Brézillon 2002). Indeed, the identification of 

the interaction context is very important to interaction analysis. Context is a collection of 

relevant conditions and surrounding influences that make a situation unique and 

comprehensive (Brézillon 1999). In many cases, only the context can provide the full 

understanding of many interactions, actions or events and the correct clues to allow the 

CSCLE to correctly analyse the interactions, in order to better support user reflection and 

to provide adequate feedback (Araújo and Brézillon 2005; Santoro and Brézillon 2006). 

However, although context is a relevant aspect in the learning process, to the best of our 

knowledge, there are no CSCLE explicitly using the concept of context in their 

development or during the process of interaction analysis.  

In this state of affairs, this thesis investigates the benefit of interaction analysis and 

the relevance of the interaction context to enrich the analysis process. As a result, it 

presents a Context-Based Process for Interaction Analysis in CSCLE. It also describes the 

results of this process’ experimentation in the development of an intelligent environment 

for collaborative discussions called SmartChat+.   
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1.1 Motivation 

For many years, theories of collaborative learning have tended to focus on how 

individuals behave in a group. This reflects a position which was dominant both in 

Cognitive Psychology and Artificial Intelligence in the 1970s and early 1980s, when 

cognition was seen as a product of individual information processors, while the context of 

social interaction was seen more as a background for individual activity than as a focus of 

research itself. More recently, the group itself has become the unit of analysis and the 

focus has shifted to more emergent, socially constructed, properties of the interaction 

(Dillenbourg et al. 1996; Soller et. al. 2005). 

When applications provide students and teachers with special groupware functions 

(e.g. network connections, joint databases, interaction supporting interfaces, message 

categorisation) the high quality interaction is more obvious becomes easier (Lehtinen et al. 

2004). These tools make the sequence of interaction events more visible for participants, 

which opens better possibilities for mutual understanding among the students and between 

the teacher and hishe/her students. Groupware also helps the participants to coordinate 

their activities towards the joint tasks (Järvelä et al. 1999). With the help of groupware 

technology, it has been possible to create interaction processes in which students are 

consciously constructing new knowledge (solutions, theories, models) on an inter-

subjective or social level. The contradictions, inconsistencies and limitations of an agent’s 

explanations become available through interaction because it forces the agent to perceive 

his or her conceptualizations from different points of view. Interaction between 

participants forces them to consider their conceptions from the viewpoint of others, and 

this facilitates a growing awareness of one’s own knowledge and beliefs. 

In order to increase the possibilities for mutual understanding and task-related 

interaction, interaction tools, which are adequately related both to the new concepts to be 

learned and to the previous experience and knowledge of the students, are needed (Katz 

and Lesgold 1993). There should be flexible methods available to help students in 

externalising their preliminary ideas and make their thinking processes transparent to other 

people. The tools available in an activity environment should permit students to follow one 

another’s thinking processes even in situations where one is not able to argue verbally. 
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Furthermore, the environment and the working methods should encourage students 

towards mutual reflection.  

Nowadays, there are several proposals of Internet-based Collaborative Learning 

Tools (e.g. Eleuterio et al. 2002, Fuks et al. 2003; Avouris et. al. 2004; Soller et. al. 2005) 

that provide a wide variety of resources to learners, such as: information exchanging, non-

linear navigation on learning material, discussion rooms and other communication tools 

(e.g., forums, blackboards, chats and video conferences). Despite the fact that these 

resources are important to learning processes, most current systems do not provide any 

intelligent support for students and teachers. For instance, these learning environments do 

not suggest better use of their tools so that learners can improve their knowledge and 

reflect about them (Grundy et al. 1995; Quintana et al. 1999). Such a support is often given 

by teachers or human tutors during pre-defined times, and usually in response to explicit 

student requests. However, it is also the case that teachers generally do not have enough 

information to decide the best moment to interact with students, or to evaluate their 

learning process (Levy 1990). One of the ways to improve the teacher-student relationship 

in virtual classrooms is to provide information about the students’ learning styles, progress 

and common doubts to teachers. Such information can be used to support learners’ 

reflection and can be acquired through the analysis of interactions that occur among 

students and/or students and teacher.  

At present, the elaboration of advanced Interaction Analysis tools and methods for 

the study of collaboration is a research priority in the CSCL field (Dimitracopoulou 2005; 

Soller et. al. 2005). Interaction Analysis can support different functions (e.g., awareness, 

regulation and evaluation) that can be oriented to different types of users, which have 

different needs depending on diverse aspects related to the context, the specific task and 

the educational level of the participants (Marcos et. al. 2006). However, there is a lack of 

methods and tools for Interaction Analysis in CSCL that consider the different needs of 

feedback from the point of view of the actors that take part in a typical CSCL scenario: 

teacher, students or the system itself. Even students can have different needs depending on 

the role that they are acting (e.g., tutor, observers, facilitators and so on, depending on the 

level of students).  

Indeed, the majority of the proposals for the Interaction Analysis in CSCL have been 

oriented to the construction of experimental prototypes oriented to support the students’ 
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learning processes (Marcos et. al. 2004). Due to this fact, researches have concentrated the 

majority of their work on students, forgetting the importance of the teachers’ role during 

the collaboration (Dimitracopoulou 2005) and the fact that they should subsequently 

analyse the process by observing or participating with their students in CSCLE (Lund and 

Backer 1999). A few proposals (Avouris et. al. 2003; Martínez et. al. 2003) focus on the 

teacher’s needs, but this perspective is just at the opposite end of the spectrum from the 

previous one, since it does not allow the tools to be utilized on-line by students’ for self-

evaluation or self-regulation purposes. 

1.2 Goals 

Our main goal is to present a Context-Based Process for Interaction Analysis in 

CSCLE so that we can support the students’ reflection and self-regulation processes and 

the teacher in hishe/her activities (e.g., student evaluation and guiding). As a means for 

achieving this main goal, we intend to:  

• Build an argumentation model to organise the dynamic information that is 

shared in a collaborative environment using synchronous tools;   

• Identify contextual elements and group them in categories (e.g. individual 

context, group context) in order to qualify and enrich the interaction before the 

analysis process; 

• Model the organised and contextualized information using multidimensional 

modelling in order to create the LIM (Learning Interaction Memory). The LIM 

is a group memory where all the interactions, occurred within CSCLE’s 

synchronous tools, are stored; 

• Store the LIM’s information in a data warehouse structure; 

• Explore the LIM using OLAP queries. These OLAP queries could be used as 

much directly by the users as by an agent society to support students and 

teachers. Thus, our context-based analytical tool will be able to answer 

questions such as: which kind of knowledge has been shared within the 

environment? Which members are participating more actively? Which topics 

are being more difficult to students? Which students are not motivated? Which 

students have already faced the problem Y, considering the context X?  
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• And finally, implement a prototype of an intelligent environment for 

collaborative discussions, called SmartChat+, to put in practice the proposed 

process and to experiment our ideas with some users. This prototype has been 

developed in an incremental way [Kruchten 2000, Sommerville 2003] to keep 

itself up with each phase of the process.  

1.3 Planned Contributions 

Although several works consider reflection as one of the most useful skills during the 

learning process (Grundy et al. 1995, Goodman et al. 1998, Tedesco 2003), most modern 

collaborative learning systems still lack ways of supporting both learners’ and teachers’ 

needs and the reflection process. Our work aims to attenuate these gaps by proposing a 

contextualized process for Interaction Analysis that intends to support both students and 

teachers via the exploration of a Learning Interaction Memory (LIM).  

By exploring the LIM, teachers will have access to information that supports a 

continuous evaluation of their students, their learning strategies and the lessons’ content, 

and they can get more clues about the proper moment to interact and motivate their 

students. All of these capabilities can significantly improve the potential success of 

computer based learning processes. 

Another point is that, in order to better motivate users and to improve their 

interaction quality, it is fundamental to understand the weaknesses and strengths of a 

group. The historical information included in the LIM, enables teachers and students to 

reflect upon past interactions and to learn from their (or other’s) past performances.  In 

addition, using the information stored in the LIM, teachers/systems can better decide which 

one is the adequate feedback for a given situation.  

Moreover, each phase of the Interaction Analysis Process will have a specific 

expected contribution: 

Phase I: Interaction Structuring 

Contribution: the Argumentation Model proposed.  

The categorisation of different types of contributions lead the participants to organize 

their messages and to reflect upon how to be clear about the content they are developing, 
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since it will be necessary to categorize it and, if possible, link it to the pre-existing 

discourse. 

Phase II: Interaction Contextualizing 

Contribution: the Conceptual Framework for User Interaction Analysis Context.  

By aggregating the interaction to its context, the information in the LIM can be better 

understood. In addition, it is possible to produce more useful computational services and 

reports for students and teachers. The framework performs as a guide to capture, group and 

store the context elements. 

Phase III: Interaction Modelling and Storing 

Contribution: the LIM.  

The LIM is a contextualized and dimensional group memory with historical 

information about the discussions ocurred among the users in a synchronous environment. 

It is modelled in a such way that information can be viewed from different perspectives 

(e.g., information can be easily crossed or filtered) and can be selectively presented, 

according to the users' needs. 

Phase IV: Interaction Analysis 

Contribution: Feedback generation for teachers and students.  

The stored interactions in the LIM could be analysed and used to: 

• Improve students’ learning; 

• Support instructors in (a) evaluating students´ learning strategies; (b) 

assessing students during the whole learning process and not only in 

restricted and formal evaluations/tests; (c) elaborating new courses or 

reformulating existent ones; and (d) analysing the roles that students are 

playing (e.g., tutor, no-motivated student, shy student) so that effective help 

can be provided, taking into account the needs of the group but keeping in 

mind the problems of each of its members; 

• Promote the reflection process in both students and teachers – because they 

can later on "replay" the argumentation structures they have used in the 

interaction and to use them as tools for reflection; and 
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• Provide an environment of well-organised group memory, similarly to a 

FAQ, however smarter than the former. This feature can enable participants 

of specific contexts to take advantage of the past-experiences of other group 

members. 

At last, this thesis also contributes with a propotype of a context-based environment 

for interaction analysis that uses the specified process, attached to an Intelligent 

Enviroment for Collaborative Discussion called SmartChat+. 

1.4 Document Organisation 

The remainder of this document is structured as follows:  

Chapter 2 defines Collaboration and Collaborative Learning. Following this, it 

describes and compares some Collaborative Learning Environments with an interaction-

focused approach.  

Chapter 3 presents our Context-Based Process for Interaction Analysis that first 

structures the interactions, taking into account the context where the interactions are 

occurring. After that, it stores the interactions in a multidimensional structure and, finally, 

uses OLAP queries to explore and analyse the stored information from different 

perspectives (dimensions), according to the user needs. In each phase of the process we 

discuss the underlying theoretical foundations. Moreover, some related work are presented 

at the end of this chapter. 

Chapter 4 presents the context-based analytical environment implemented to 

experiment the process described in the previous chapter. The prototype architecture is 

described and some implementation issues are discussed. 

Chapter 5 describes the exploratory studies with the context-based analytical 

environment and also presents and discusses some results. 

And finally, Chapter 6 presents our conclusions and indications of further work.  
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Chapter 2 - COLLABORATION AND COLLABORATIVE 

ENVIROMENTS 

Collaboration is the co-construction of knowledge with the mutual engagement of 

participants (Lipponen 2002). Even though Collaboration and cooperation are terms 

sometimes used interchangeably, some researchers use these terms distinctively according 

to the degree of labour division (Dillenbourg 1999). In cooperation, partners split the work, 

solve sub-tasks individually and then assemble the partial results into the final output. On 

the other hand, in collaboration partners work 'together', i.e., collaboration involves the 

mutual engagement of participants in a coordinated effort to solve the problem together 

(Dillenbourg and Self 1992). However, some spontaneous division may occur even when 

two people do really work together. For instance, one partner may take responsibility for 

the low level aspects of the task while the other focuses on strategic aspects (Miyake 

1986). 

Collaboration considers that when two or more individuals work together, they can 

get a balanced situation, where ideas can be exchanged, distributed between the group’s 

components, thus generating new ideas and knowledge as a result of this collaborative 

work (Piaget 1982). It is important to emphasize that the participants in a collaborative 

situation must not be intimidated. It is also the case that participants should not fear that 

someone imposes their ideas on them. The discussion must be free and spontaneous. 

Collaboration presupposes communication, coordination, sharing, perception and 

negotiation (Piaget 1982, Fuks et al. 2004, Lucena et. al. 2006). Any group activity must 

take these pre-requirements into account to be considered collaborative.  

Since collaboration is the mutual engagement of participants in a coordinated effort 

to solve a problem together, it can be regarded as beneficial for learning (Mühlenbrock and 

Hoppe 1999). This affirmation supports a new learning strategy, the collaborative learning, 

which is addressed in Section 2.1 and to the creation of new educational environments, 

which is presented in Section 2.2. 
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2.1 Collaborative Learning 

The fast proliferation of information and knowledge demands that individuals keep 

their knowledge constantly updated. In this way, learning becomes a lifelong activity, 

where the students must "learn to learn" (Otsuka and Tarouco 1997). In this scenario, 

learning will be more effective if it is active and there are resources that help the students 

to reflect about the learned content. In active learning, the student must learn through the 

communication with their colleagues, sharing knowledge and doubts and living 

experiences through simulation. This collaborative approach to Education is the new trend 

of the learning environments. 

Passive approaches to learning assume that students learn by receiving and 

assimilating knowledge individually, independent from others (Bouton 1983). In contrast, 

active (constructivist) approaches present learning as a social process that takes place 

through communication with others (Mead 1934 apud Bouton 1983). The learner actively 

constructs knowledge by articulating ideas into words, and these ideas are built upon 

reactions and responses of others (Bouton 1983, Alavi 1994). In other words, learning is 

not only active but also interactive. 

According to Balkcom (1992), Collaborative Learning is a learning strategy in which 

small teams, each with students of different levels of ability, use a variety of learning 

activities to improve their understanding of a subject. Each member of a team is 

responsible not only for learning what is taught but also for helping teammates to learn, 

thus creating an atmosphere of achievement and collaboration. Collaborative Learning is 

fundamentally different from the traditional direct-transfer or one-way knowledge 

transmission model in which the instructor is the only source of knowledge or skills 

(Harasim 1990). Some examples of Collaborative Learning activities are seminar-style 

presentations and discussions (in which students are the teachers), group projects, 

simulation, role-playing exercises and collaborative composition of essays. Collaborative 

Learning pedagogy shifts the focus from the teacher-student interaction to the role of peer 

relationships in educational success (Johnson 1981). It means that Collaborative Learning 

is based on the idea that learning can arise from communication among the learners. In this 

light, students are responsible for learning with each other. 
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According to Dillenbourg and colleagues (Dillenbourg et.al. 1996), the active 

exchange of ideas inside a small group, not only develops the interest between the learners, 

but also promotes reflection and critical reasoning. The sharing of knowledge gives the 

learners an opportunity for: getting involved in discussions, defending ideas and opinions, 

questioning other people’s ideas, changing beliefs on diverse subjects, and taking the 

responsibility for their own learning. In summary, this process gives the learners an 

opportunity to become critical thinkers.  

However, some conditions must be observed for efficient collaborative learning 

(Dillenbourg 1994): 

• Group size – large groups tend to have difficulties in the organization and in the 

information exchange;  

• Group heterogeneity – scholars have considerable differences with respect to 

general intellectual development, age group, academic education, social status 

or domain expertise. Two points to consider are: 1) the larger the differences 

between the group components, the smaller the group balance and the 

collaboration rate become; and 2) if the difference is too large, there may be not 

interaction between the group components. If it is too small, it may fail to 

trigger interactions; 

• Task Features - the nature of the task influences the results because some tasks 

have a degree of contribution and sharing of information larger than others; and 

• Communication tools – computational learning environments have to provide 

some effective communication tools without time and space restrictions. When 

collaboration is mediated by a computer system, the existence and design of 

different communication tools can have an impact on the collaborative process. 

These tools have to support the type of interactions that are expected to promote 

learning (e.g., synchronous and/or asynchronous communication). 

Slavin (1995) identifies four major theoretical perspectives designed to explain the 

effects of collaborative learning: Motivation, Social Cohesion, Cognitive Development and 

Cognitive Elaboration.  

Motivational perspectives on Collaborative Learning focus primarily on the reward 

or goal structures under which students operate. From a motivational perspective, 

collaborative incentive structures create a situation in which the only condition that group 
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members can attain their own personal goals is when the group is successful. Therefore, to 

meet their personal goals, group members must both help their groupmates to do whatever 

that helps the group to succeed, and, perhaps even more importantly, to encourage their 

groupmates to exert maximum efforts. In other words, rewarding groups based on group 

performance (or the sum of individual performances) creates an interpersonal reward 

structure in which group members will give or withhold social reinforces (e.g., praise, 

encouragement) in response to groupmates' task-related efforts. 

Social Cohesion Perspectives hold that the effects of collaborative learning on 

achievement are strongly mediated by the cohesiveness of the group. In other words, 

students will help one another to learn because they care about one another and want one 

another to succeed. 

Cognitive Perspectives hold that interactions among students will themselves 

increase student achievement for reasons that have to do with the mental processing of 

information rather than with motivations. Two different cognitive perspectives can be 

described: Developmental and Elaborational Perspectives.  

The fundamental assumption of the Developmental Perspective on Collaborative 

Learning is that interaction among learners around appropriate tasks increases their 

mastery of critical concepts. In this perspective, the effects of Collaborative Learning on 

the student achievements would be largely or entirely due to the use of collaborative tasks. 

In this view, the opportunity for students to discuss, to argue, to present and hear one each 

other’s viewpoints is the critical element of collaborative learning with respect to student 

achievement. 

Elaborational Perspectives state that if information is to be retained in memory and 

related to information already in memory, the learner must engage in some sort of 

cognitive restructuring, or elaboration, of the material. One of the most effective means of 

elaboration is to explain the material to someone else. Learners who receive elaborated 

explanations learn more than those who work alone, but not as much as those who serve as 

explainers. 

In this view, the collaborative learning focuses on the active participation in the 

interaction, for both the learners and the teachers. Knowledge is seen as a social 

construction; therefore, the learning process is favored by the social participation in 

environments that stimulate interaction, contribution and evaluation.  
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Thus, the support given by computers to collaborative learning has as objective to 

dinamize the process, through systems that implement a collaborative environment and 

possess an active role in the analysis and control of the collaboration. Collaborative 

environments allow individuals to engage themselves in the activity of shared knowledge 

production and collaboration. We will discuss collaborative environments in the following 

section. 

2.2 Collaborative Learning Environments 

Collaborative Learning can be carried out with the help of environments that enable 

communication, exchange of ideas, decision making, as well as facilitations for collective 

activities. Computer-Supported Collaborative Learning Environments (CSCLE) allow 

students geographically dispersed to engage in their learning tasks, meeting and 

discussions at any time, hence dismissing the need for co-presence - being physically 

together at the same location. Using these environments, students develop mental models 

and carry out tasks. Moreover, learners get motivated through the interaction with their 

peers and the formation of virtual communities. 

To collaborate in such environments, an individual must debate ideas 

(communicate), be in synchrony with other group participants (coordinate) and operate 

with others in a shared space (collaborate). Communication is successful if there is an 

understanding of the messages, in order to ensure that the intentions of the sender result in 

commitments being assumed by the receiver or by both (Pimentel et al. 2004). Without 

communication, collaboration and coordination are not possible.   

Interactive tools should provide a good communication means between students and 

teachers. Their interface must be intuitive and the principal feature is the ease of use, 

because students should only think about organizing their ideas and writing them. All 

collaborative systems have some interactive tool (for instance, e-mails, videoconference, 

chats, and forums), but two are always preset in collaborative environments: discussion list 

(forum) and chat.  

Chat is a synchronous communication tool through which users can exchange ideas 

and collaborate with each other. It provides an immediate feedback to the student about a 

theme (because the other students are on-line at the same time) and, because the 
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argumentation and discussion, it enables group reflection. It is ideal to help students that 

need information and cannot wait for it.  

Forum is an asynchronous communication tool where people can post messages, 

share solutions about a subject, debate ideas and read about topics of interest. An important 

aspect in educational systems is to divide the forum in different themes and the learner 

reads only what is interesting for him. Furthermore, forum systems save all topics that are 

sent to it, allowing the learner to access information later. The use of a forum can help 

learners’ synthesis and evaluation skills, since they do not need to answer immediately. 

Thus, they have more time to think about a subject and express their ideas about it. 

Between these two interactive tools, we believe that the chat is the most effective, 

since it is a synchronous tool and it is the one that mostly resembles the experiences 

students have in a conventional classroom. Synchronous discussion has the advantage of 

the immediacy of live feedback (of the other users in the environment) when compared 

with asynchronous discussion. Although textual, the forms of communication in 

synchronous tools are closer to spoken conversation than asynchronous tools (Garcia and 

Jacobs 1998). As in face-to-face discussions, synchronous discussion can be lively and 

animated (and enjoyable), in contrast to the indirect forms of interaction in asynchronous 

communication (McAlister et al. 2003).  

Next section presents a brief description of some CSCLE with focus on their 

synchronous communication mechanisms.  

2.2.1 EXAMPLES OF CSCLE 

This section presents and analyses some CSCLE. They have been chosen because 

they present some kind of interaction structuring and/or interaction analysis.  

 
AulaNet 

 

AulaNet (Fuks et al. 1999, Pimentel et. al. 2005) is an environment based on a 

groupware approach for teaching-learning via Web that has been under development since 

June 1997 by the Software Engineering Laboratory of the Catholic University of Rio de 

Janeiro (PUC-Rio). It is a groupware for the creation, distribution and administration of 

Web-based courses. Its services are organized based upon the principle that, in order to 
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learn in a group, an individual must share hishe/her ideas (to communicate), be in tune 

with the members of the group (to coordinate) and carry out the tasks in a satisfactory 

manner (to cooperate). 

AulaNet’s main function is to help teachers both in the traditional classroom and in 

the virtual classroom. This system has three principal user types: administrator, teacher and 

student. The administrator is the system manager and has responsibilities like: publishing 

courses, accepting students’ and teachers’ registration, and controlling statistics. The 

teacher (called author in AulaNet) is the course developer who puts the course contents 

(unit modules), knowledge self-tests and module exercises in the system. If necessary, the 

course may have a teaching assistant whose objective is to help the teacher with tasks such 

as chat management and answering discussion lists. Students’ registration is made by the 

students themselves. The administrator can accept or not the student registration. 

The AulaNet environment’s services are currently subdivided into communication, 

coordination, and cooperation services. The communication services provide tools for 

forum-style asynchronous text discussion (Conferences), chat-style synchronous text 

discussion (Chat and Debate), instant message exchange between simultaneously 

connected learners (Instant Messenger), and individual electronic mail with the mediators 

(Mail to Participant) and with the whole class in a list-server style (Mail to Class). 

Coordination services support the management and the enforcement of group activities. In 

AulaNet, coordination services include tools for notification (Notices), evaluation (Tasks 

and Exams), as well as a tool that allows monitoring group participation (Follow-Up 

Reports). Cooperation services in AulaNet include Lessons and Documentation, a list of 

course references (Bibliography and Webliography) and course co-authoring support, both 

for teachers (Teacher Co-Authoring) and for learners (Learner Co-Authoring). 

Generally, when using the AulaNet, learners study the contents according to the 

weekly topic, reading contents in the Lesson service, and discussing the topic 

asynchronously in the Conference service (Figure 2.1) and synchronously in the Debate 

service (Figure 2.2), that uses the Mediated Chat tool.  
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Figure 2.1 - Portion of dialogue from the Conference service (Pimentel et. al. 2005) 

 
Figure 2.2 - Portion of dialogue from the Debate service (Pimentel et. al. 2005) 

 
In the Conference service, when preparing a message, the author chooses the 

category that is most appropriate to the content being developed, providing a semantic 

aspect to the relationship between messages. Looking at the categories, learners and 

mediators estimate how the discussion progresses and the probable content of the 

messages. AulaNet does not force the adoption of a fixed set of categories. The teacher 

planning the course can change the category set to the objectives and characteristics of the 

group and their tasks. If the learner’s choice of category has not been appropriate, the 

instructor may change it even after it has been sent. When this happens, the author of the 

message receives an electronic mail notification. In the experimentation with the AulaNet 

in some courses, the categories adopted were originally based on the IBIS’ node types 

(Conklin, 1988). Currently, the categories being used are: Seminar, for the root message of 

the discussion; Question, Argumentation, Counter-Argumentation, and Clarification. 
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Figure 2.3 presents a portion of a dialogue from a conference showing numbered messages 

mapped to a tree. 

 

Figure 2.3 - Tree derived from a conference with the message categories (Pimentel et al. 
2005). 

 
Upon viewing the list of messages of a service, the participants check which category 

the message belongs through its name in brackets, as well as other information such as the 

title, the author and the date (Figure 3). Thus it is possible to quickly identify how the 

discussion is going on and what is the probable content of each message. AulaNet also 

supplies reports about group messages by category, helping the instructors and the students 

to follow the quantity of messages in each category. 

 The Mediated Chat tool, which is part of the Debate service, is used for supporting 

synchronous communication in AulaNet. In its version 1.0, the Mediated Chat was a 

typical chat tool, whose main goal was to support the synchronous textual message 

interchange between the participants. But version 5.0 has incorporated characteristics of all 

the intermediate versions and added more characteristics such as: 

• A HyperDialog tool, where messages are threaded, in order to deal with the 

Co-text Loss problem2. Besides presenting messages chronologically ordered, 

the tool presents the tree message associations. In this organization, the text 

sequences—the way in which the dialogues are linked together—are evident. 

                                                
2 A problem that occurs when one participant is not capable of establishing the structure of the discourse—
that is, she/he cannot identify which message (prior to the given message) is being answered (Pimentel et al. 
2005) 
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In an isolated thread, the conversation remains linear: each message is 

associated with the message that comes immediately before it. The thread 

mechanism would reduce the occurrence of co-text loss because it organizes 

the non-linearity of the chat. However, according to the authors themselves, 

compared to typical chat tools, HyperDialog has used a much more complex 

interface that introduced a number of problems regarding the use of the 

shared space; 

• A set of conversation techniques, such as: Free Contribution, where 

participants can send messages at any time; Circular Contribution, where 

participants are organized in a circular queue and, one by one, the first one in 

the queue can send a message; and Unique Contribution, where each 

participant must send a single message at any time. It is also possible to 

Block-Unblock the sending of messages by the learners; 

• A message queuing mechanism - In the Mediated Chat tool, the server waits a 

while after publishing a message and before publishing the next one, allowing 

the participants to read all of them, avoiding the problem related to the 

difficulty in reading all the messages during the debate session (Message 

Overload). However, several participants were not aware of the message 

queuing mechanism and some of them thought that the chat tool was too slow 

because some of their messages had their publication delayed (their messages 

were in the queue but they did not notice it). So, to deal with this collateral 

problem, the queuing representation was implemented in the Participant List 

in such a way that it is more visible and easier to understand; 

• Improvement of the reading and writing process. To improve the reading 

process, the debate session text is formatted to increase the visual distinction 

between different types of information: publishing date, sender and the 

content of her/his message; messages of participants and messages 

automatically sent by the system (to inform who entered or left the debate 

session). Only the nickname of the participant is presented, rather than 

hishe/her full name, to decrease the amount of text identifying the sender. 

The scrollbar automatically stops scrolling when the reader scrolls it up to 

read the messages no longer visible on the screen, and automatically resumes 

scrolling when the reader scrolls it down to the last published message. To 
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improve the writing process, the typing area increased to 3 visible lines of 

text (instead of just one); and 

• A session control mechanism to avoid the de-contextualization problem 

(Hedestig and Kaptelinin 2002). This problem happens when a participant 

enters an ongoing debate session. The other participants will be already 

engaged in the discussion and the new participant will find him/herself de-

contextualized having difficulty to follow what is being discussed and 

delaying hishe/her participation in the session. Sometimes, the debate 

dynamics is interrupted to contextualize the participant that just entered. To 

avoid the de-contextualization problem, the session control mechanism was 

implemented. Using it, all messages sent during a session are archived by the 

chat server. All messages produced during the ongoing session are presented 

to the incoming participant, enabling her/him to find out the context of the 

ongoing discussion. 

However, there is no message categorization in the chat tool. AulaNet only 

categorizes asynchronous messages (in the conference service). Moreover, there is no on-

line feedback generation for students or teacher in the synchronous tool, the chat interface 

is quite simple and the Mediated Chat records the interactions in a log file in text format. It 

is not clear if this log file is used for creating reports for students and/or teachers.  

 
Comet 

 

Comet (Collaborative Object Modelling Environment) is a system in which teams 

can collaboratively solve object-oriented design problems, using the Object Modelling 

Technique (OMT) (Soller and Lesgold 1999; Soller et al. 2002; Soller and Lesgold, 2003). 

The learners use a task window to construct and share diagrams with their group members.  

The system combines speech acts and sentence openers in a structured interface to 

help students in providing effective help to their peers and encourage them to engage in 

active learning. Sentence openers are grouped by speech act types in the interface (see 

Figure 2.4). The speech act types are: request, inform, motivate, maintenance, task, 

acknowledge, argue and mediate. Sentence openers are listed under these headings and 

users can click on the sentence openers such as “Let me explain this” or “To justify” (both 

from the inform speech act type). The interface also displays logs of the numbers of each 
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type of speech act used in the conversation and the number of contributions from each 

group member. The idea behind such a display is that when students have access to such 

information, they are in a better position to diagnose and overcome problems in the group 

interactions. Such problems might include: over dominant group members and too many 

requests with no information. Furthermore, the system is actually designed to advise 

students about how to better collaborate. It uses Hidden Markov Models 3(Rabiner 1989; 

Soller et al. 2002) to analyse the interaction and assess the quality of knowledge sharing, 

and it is also an example of use of predictive statistical models in collaborative systems 

(Soller and Lesgold, 2003).  

 
Figure 2.4 - Comet’s Interface (Soller et al. 2002) 

The system logs data describes the students’ conversation acts (e.g., Request 

Opinion, Suggest and Apologize) and actions (e.g., Student 3 has created a new class). 

                                                
3 The Hidden Markov Modelling approach (Rabiner, 1989) is a probabilistic machine learning method that 
generates abstract generalizations of coded sequences of activity, in the form of nondeterministic state 
transitions. 
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Howerver, it is not clear in the articles if such a data is used to make the analysis using 

Hidden Markov Models. 

Comet’s user interface is a bit complicated because it has many elements. Thus, it 

can be confusing for users. Moreover, it is not clear that users have to click in a sentence 

opener before writing hishe/her message. 

 
COLER 

 

COLER (COllaborative Learning environment for Entity-Relationship modelling) 

(Constantino-Gonzalez and Suthers 2001) is a web-based collaborative learning 

environment in which students can solve database-modelling problems while they are 

synchronously working in small groups at a distance. COLER is based on the open 

architecture for collaborative learning systems, designed by Suthers and Jones (1997), and 

originally used for the implementation of the Belvedere software for collaborative critical 

inquiry (Suthers et al. 1997). 

 

Figure 2.5 - COLER Collaborative Student Interface (Constantino-Gonzalez and Suthers 
2001) 

COLER is designed for sessions in which students first solve problems individually 

(in their private workspace) and then join into small groups to develop group solutions 

(public workspace) (see Figure 2.5). The initial problem solving helps to ensure individual 
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participation and provides differences between students’ solutions that form the basis for 

discussion. Each student has a personal automated coach. It gives feedback to the student 

whenever a difference between his and/or her individual E-R models and the one built by 

the group is detected.  

When all the students have indicated that they are ready to work in  group, the shared 

workspace is activated and they begin to place components of their solutions in the 

workspace. Only one student can update the shared workspace at a given time. A panel 

shows the name of the student who has the control of this area and the other students have 

to wait for their turns. Students can get information about Entity-Relationship Modelling, 

while COLER’s personal coach encourages them to discuss and participate during the 

collaborative problem solving. The personal coach observes participation in the shared 

workspace and in chat discussions. Using this information, COLER decides the moment to 

give advice. In other words, the personal coach monitors participation and detects 

differences between students individual and group work and encourages learning 

interactions when differences are detected, or when a situation warrants advice. The coach 

uses Decision Trees (Mitchell, 1997) in order to decide how to present feedback. 

COLER’s interface is not so good. The chat area is small and it is not so clear how to 

use the area called Opinion (see Figure 2.5). Other point to consider is, although in the 

article the authors said that the COLER’s personal coach observes the shared space and the 

chat discussion, they do not have described how the interaction analysis of the chat 

discussion is carried out.  In the article, the authors only have commented that a log file is 

generated, but they have not specified its format or if it is used for something in special. In 

this system, feedback is generated only for students. 

 
BetterBlether 

 

BetterBlether (Robertson et al. 1998) is a computer mediated communication 

environment for use in primary school classrooms. It provides structured support for 

children developing their communication skills in unsupervised group discussion. The 

system can be used to discuss any topic.  
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BetterBlether is based on a series of discussion skills which were identified by 

(Johnson and Johnson 1994) and later implemented in the form of "sentence openers" by 

(McManus and Aiken 1995) and (Soller 1997). The skills are:  

• Communication skills – each group member should ensure that her/his 

colleagues interpret her contributions in the way she/he intends. They are 

composed of three skills - sending, receiving and acknowledgment; 

• Trust skills - there are two aspects to trust: a group member should be both 

trustworthy and trusting. A trustworthy group member makes it clear that 

they value the contributions of others, and a trusting group member feels 

confident enough to share their thoughts with the group. Both are necessary 

for effective group work; 

• Leadership skills - everyone in the group should be capable of diagnosing 

how the group can progress, and all should make an effort to maintain good 

group relations. There are two types of leadership skills - maintenance and 

task. The first is concerned with group relations while the second 

concentrates on how the group can complete the task at hand; and 

• Creative conflict skills - it is often this phase of a discussion that is most 

productive if group members are aware that criticisms are directed at ideas 

rather than at people. Justification, questioning and elaboration skills are 

important during creative conflict. 

 The sentence openers are intended to give an example of a particular skill. For 

example, the opener "Here is evidence" is intended to remind pupils to justify their claims. 

Notice that there is often more than one interpretation of an opener and this has 

occasionally caused confusion during the field study. 

When pupils start a session with BetterBlether, a first question is displayed on the 

screen to stimulate their ideas and opinions about the topic. When the group feels that it 

has fully covered the question, they have the option of moving on to another. Learners can 

send messages to a particular group member or to the group as a whole. The message is 

constructed from one of the colored sentence openers buttons followed by additional text. 

The sentence openers are arranged and colored by skill category, but names of the skill 

categories are not stated. The skill categories are not taught explicitly, because some 

sentence openers could fit into more than one category.  
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All discussion contributions are logged to a text file, which can then be reviewed by 

the teacher or by the group members themselves. BetterBlether underwent both formative 

and summative evaluations, concentrating on both the usability and the educational 

aspects. Figure 2.6 shows the contribution window where the user creates messages to send 

to other group members. We think that this interface is a quite confusing because it has 

many categories of sentence openers for student to choose from, and because it uses strong 

colors (and the meaning of the colors is not clear). Moreover, the area for presenting the 

name of logged users is quite small.  

All discussion contributions in BetterBlether are logged to a file for future analysis, 

(either manual or automatic using other tools). BetterBlether itself does not offer tool for 

analysis. 

 
Figure 2.6 - BetterBlether's Contribution Window (Robertson et al. 1998) 
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DIALAB 
 

DIALAB (Moore 1993) is a synchronous communication tool, designed to teach 

argument and critical thinking skills using a rigid logic-based dialogue game [MacKenzie 

1985]. Students use the Dialab system in pairs. It has a set of dialogue moves (allowable 

speech acts), a set of commitment rules (used to monitor the statements each player has 

committed to during the dialogue) and a set of dialogue rules (which determine which 

move types can follow each other). 

When using the system, one of the students starts by choosing a move from the set of 

sentence openers (for example ‘I assert that’, ‘is it the case that...’) as shown in Figure 2.7. 

Each of these sentence openers is represented within the system as a type of dialogue move 

(for example Statement or Question). Once the student has chosen a sentence opener, the 

system displays the selected move type at the bottom of the Input window (see: ’Player 2 

Input’ window in Figure 2.7). Turn taking is rigidly enforced and a participant can only 

make one dialogue move per turn. The opponent will not see this move until the learner 

presses the DONE button. There is no mechanism for interrupting a turn or for chatting in 

an unrestricted manner. Following a turn, the computer system updates the sender’s 

commitment store (using the commitment rules) and the move and statement are recorded. 

Control now passes to student 2 who must choose a move. Based on the preceding move 

type, the dialogue rules determine which move types student 2 can choose in response. For 

example, a question cannot be followed by another question. Within the free text entry the 

student can explicitly refer to a statement in the statement record.  

The commitment rules help the system to update each participant’s commitment 

store. Besides adding all statements made by students to their commitment store, the 

system will also add those statements, made by their opponent, which they have neither 

challenged nor explicitly expressed no commitment to. The interface is shown in Figure 

2.7, as it would appear once the updating is complete following the move by student 2. 

Finally, win-lose rules are applied to the collaborative dialogue identifying situations in 

which a participant has won or lost the game (for example by showing inconsistency in the 

commitment store). The dialogue ends once one participant has ‘won’ the game. 

Some problems identified in the Dialab system are: students are always forced to use 

specific argumentative dialogue move types and, after, they are forced to enter only one 
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sentence opener (move) per turn. Because the argumentative dialogue, move types are 

connected to specific sentence openers. These include sentence openers for information 

checking, including question asking or countering arguments. For example, the dialogue 

move ´Challenge’ is connected to the sentence opener ´Why…’. Other problem is the 

limitation of the system, only two students can discuss at a time. Furthermore, the interface 

is a quite confusing and the way to write a message is complicated. These factors can 

inhibit the students’ spontaneity. 

 

Figure 2.7 - Dialab System's Interface (Moore 1993) 

The dialogue history is explicitly used to select new moves. Since communication is 

restricted, it is likely that there will be few problems concerning the focus of the argument 

and shared understanding. Moreover, dialogue management is rigidly structured. The ’win-

lose’ design of Dialab may mean that students are tempted to shift focus when they realize 

that their argument is losing with the current focus. This would lead to unresolved (sub) 

arguments, undermining critical checking along the central route in argumentative 

discussions.  

 
OXEnTCHê-Chat 

 

OXEnTCHÊ–Chat (Vieira et al. 2004) is a chat tool (Figure 2.8) that monitors the 

interaction process and offers feedback to users. The system provides a chat tool coupled 
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with an automatic Dialogue Classifier (DC). The DC classifies the dialogue as effective or 

non-effective. Dialogues are considered effective when there is a significant use of 

collaborative skills (e.g., creative conflict) that indicate user’s reflection on the subject. 

Currently, the DC uses either a MLP neural network or a Decision Tree (Mitchell 1997). 

 
Figure 2.8 - OXEnTchê-Chat Interface (Vieira et al. 2004) 

 

The system keeps a logic-based group model based on the system’s classification. 

This model is then used by a chatterbot agent (Galvão et al. 2003), which can work by 

coordinating the dialogue (helping to maintain the dialogue focus, and trying to motivate 

students to be engaged in the interaction), or providing content where needed.  

After the DC analyses the on-line interaction, it provides just-in-time feedback 

reports to both instructors and learners. Two different reports are available: (1) general 

information about the dialogue (e.g., chat duration, number of users); and (2) specific 

information (quantitative) about participation and individual performance. Teachers 

receive feedback reports (also quantitative) on both the group and on individual students 

(see Figure 2.9). This combination of automated dialogue analysis and feedback for 

teachers and students constitutes a novel approach. There is also an add-in in the 

environment that allows the teacher to access the dialogue analysis even if she/he is not 

online during the interaction. 
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Figure 2.9 - Teacher's report window (Vieira 2004) 

 

There is a directory in the system’s path which stores individual users’ logs and the 

whole dialogue log in the environment as ‘.txt’ files. In order to facilitate users’ 

communication, the chat interface (see Figure 2.8) presents a similar structure than other 

chats found on the Internet. Chat functionalities include: user identification, change of 

nickname, change of text color, automatic scrolling, emoticons and help. 

Overall, OXEnTCHÊ goes further than many systems regarding data analysis and 

feedback, and also takes into account the needs of different types of users (teachers and 

students). However, the feedback is limited to some quantitative values and the DC only 

classifies the dialogue in effective or non-effective and presents this result only to teachers. 

2.3 CSCL Environments Comparison 

In general, CSCL environments can offer greater opportunities to share and solicit 

knowledge through the interaction. In most situations, externalization, articulation, 

argumentation and negotiation of multiple perspectives, are considered to be the main 

mechanisms that can promote collaborative learning (Dillenbourg and Schneider 1995; 

Baker 1994; Veerman 2000). 
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In this chapter, some CSCLE were described with focus in their synchronous 

communication tools. The description has tried to analyse the CSCLE considering the 

following criteria: 

1. The purpose of the tool; 

2. Record of the interaction log;  

3. Technique employed to organize the interactions (message categorization); 

4. Technique employed in the analysis of the interactions;  

5. Generation of feedback for teacher or students;  

6. Intervention Type (according to Jermann et al. 2001, Soller et. al. 2005); 

7. Usability of the environment’s interface; 

8. Record of a complete dialogue history (some kind of group memory4); and 

9. Consideration about the interaction’s context (additional information that makes 

the interaction more understandable). 

A summary of the results of this analysis can be found in Erro! Fonte de referência 

não encontrada.. From the results listed in this table, we can see that some chats (for 

example, Comet) offer resources to support teachers and/or students during discussions. 

However, its interface sometimes becomes hard to manipulate due to information overload. 

In this way, its interface has a poor usability (Nielsen 2000; Preece et. al. 2005) and this is 

not good for users.  

We have also observed that, in spite of the value ascribed to interactions in CSCLE, 

their content is not always taken into account. This fact can be corroborated when we 

observe the existing CSCLE described in this chapter. The majority of them provide tools 

for communication (e-mails, chats, and forums). However, in most of them, there are no 

mechanisms for analysing the interactions in synchronous tools and they do not provide 

any intelligent feedback to teachers nor to students. Furthermore, even the systems that 

provide feedback do so through reports or statistics generated from the interaction log, and 

only at the end of the discussion. Generally, there is no feedback provided during the 

discussion (only the OXEnTCHÊ is an exception).  

The learning environments do not suggest better use of the interactive tools so that 

learners can improve their knowledge and reflect about it (Grundy et al. 1995, Quintana et 

                                                
4 Group Memory is the record of the complete group interaction process (more details in Chapter 3) 



 34 

al. 1999). Besides, the lack of a mechanism to evaluate the interactions could prevent the 

users from discussing about a specific theme or collaborating among themselves. 

The dialogue history is viewed as an important resource in collaborative dialogue 

since it provides a common objective reference to previous activity (unlike most spoken 

dialogues) that may encourage reflection and more effective collaboration (Collins and 

Brown 1988). This is one way to exploit an advantage of this textual communication 

medium in comparison with spoken interactions. However, many environments do not 

keep a history dialogue. Even those that do that, they store their history in log files and 

they do not offer an appropriate and easier mode to analyse these log files. 

Other point to consider is that, in order to understand the meaning of the user 

interactions, it is important to discover and register the context where each interaction 

occurred (Brézillon 2002). Nevertheless, all the environments analysed do not consider the 

interaction context in the creation of the dialogue history or during the interaction analysis 

process. 

Finally, it is important to observe that an effort has been made in almost all of the 

systems to structure the interaction through their interfaces (e.g., most of them are using 

sentence openers to structure the conversation). This fact can illustrate the importance of 

the interactions organization as a way to turn the discussion clearer to learners. 
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Table 2.1 - Comparative Analysis of CSCL Environments with focus on communication 

                Environments 
Criteria AulaNet Comet COLER BetterBlether Dialab OXEnTchê 

Chat 
Purpose To create, distribute and 

administrate Web-based 
courses 

To teach how to 
work together on 
software design 
problems 

To solve database-
modelling problems 

To discuss on any 
topic 

To teach 
argument and 
critical thinking 

To discuss on topics 
configured in an ontology 

Record of the 
interaction log 

Yes Yes Yes Yes.  No.  Yes.  

Technique employed 
for organizing the 
interaction 

Message categorization 
is just implemented in 
the Discussion Group 
and Interest Group. The 
teacher defines which 
categories will be made 
available for the 
participants. 

Sentence openers No structure, only a chat 
facility. 

Sentence openers Dialogue 
games 

Sentence openers 

Technique employed in 
the interaction analysis 

No automated analysis is 
provided 

Uses Hidden 
Markov Model. 

The coach uses Decision 
Trees in order to decide 
how to present feedback. 
But it is not clear how the 
analysis is done. 

No automated 
analysis is provided 

Win-lose rules Neural Networks 

Intervention Type Mirroring Monitoring Advising Mirroring Monitoring Advising 
Feedback for the 
teacher or the student 

Supplies reports that 
group messages by 
category about the 
categorization in the 
asynchronous 
communication tools 

Advise students 
about how to better 
collaborate. 

A personal coach 
encourages students to 
discuss and participate 
during collaborative 
problem solving. 

No feedback is 
provided. 

No feedback is 
provided. 

Provides reports for 
students and teachers 
with some limited 
quantitative information. 

Interface usability of 
the chat tool. 

It is quite simples. It is not very easy to 
use. The screen is 
overloaded with 
information. 

It is very simple. It is not very easy to 
use. The screen is 
overloaded with 
information. 

It is quite 
confuse and it 
is restrict to two 
users. 

It presents a similar 
structure to other chats 
found on the Internet 

Record of a complete 
dialogue history 

Yes, but just for 
asynchronous 
messages. 

Yes, but it is not 
clear where this 
information is 
stored. 

It is not clear in the 
papers. 

No. No. All the interaction logs 
are stored in differerent 
directories according to 
the date. 

Explicitly takes into 
account the  
interaction’s context 

No No No No No No 
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2.4 Final Considerations 

Collaborative learning is a kind of social activity involving a community of learners and 

teachers, where members share and acquire knowledge. As Vygotsky (1978) pointed out, “in 

a collaborative scenario, students interchange their ideas for coordinating when they work for 

reaching common goals. When dilemmas arise, the discussion process involves them in 

learning”. When the learners work in groups they reflect upon their ideas (and those of their 

colleagues), explain their opinions, consider and discuss those of others, and as a result, they 

learn. In this way, each learner acquires individual knowledge from the collaborative 

interaction.  

Thus, the study of collaborative interactions is a fundamental element for the evaluation 

of the learning and teaching processes, and for the provision of support by the system to its 

users. Because of this, interaction analysis in CSCLE is receiving an increasing attention. 

Indeed, analysis of interactions has become a basic function in the field of collaborative 

learning, as a means for supporting both students’ self-regulation and formative evaluation 

processes (Martinez et al. 2002).  

In this light, the next chapter presents our process for interaction analysis and discusses 

some theoretical foundations that underlie it. Moreover, some related works are also 

presented. 

. 
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Chapter 3 – A CONTEXT-BASED PROCESS FOR 

INTERACTION ANALYSIS 

This Chapter presents our proposal for a Context-Based Process for Interaction 

Analysis. The complete process is summarized in Section 3.1 and each of its phases will be 

described in one of the following four sections together with the underlying theoretical 

foundations. Hence, Section 3.2 presents the first phase of the process: Interaction 

Structuring. Section 3.3 discusses the second phase: Interaction Contextualizing. Section 3.4 

presents the third phase: Modelling and Storing Interactions. Finally, Section 3.5 shows the 

last phase of the process where the interactions are analysed and feedback is generated for 

students and teachers. 

3.1 The Process 

In order to analyse user interactions so that we can support the students’ reflection 

process and the teacher in hishe/her, activities we have developed a four-phases Context-

based Process for Interaction Analysis5 (see Figure 3.1).  

 
Figure 3.1 - Phases of the Context-Based Process for Interaction Analysis 

 

Phase 1: Structuring is the first phase of process because it makes the intention of the 

exchanged messages and the relations among them explicit. In this phase, the input is all 

messages (User Interactions) exchanged by users in the chat environment. The phase 

objective is the categorisation (either automatic or user-provided) and connection of the 

messages using an argumentation model. The output of this phase is a discussion graph.  

Phase 2: Contextualising is the second phase of the process. In this phase, the input is the 

Discussion Graph generated previously. The phase objective is to enrich each interaction in 

                                                
5 All figures of the process were done using the SPEM (Software Process Engineering Metamodel) notation 
(SPEM, 2006). The main symbols are summarized in Appendix A. 
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the Discussion Graph with contextual information and to create a Contextual Repository with 

the contextual information that could be useful to the interaction analysis (e.g., Subject, Group 

and Individual contexts). This contextual information can be captured implicitly (using 

monitoring agents or sensors) or explicitly (through questionnaires or forms filled in by the 

users). The outputs are the Contextualized Interactions (interactions with the context required 

to better understand them – just a part of the contextual information such as Interaction, 

Individual, Subject and Session contexts) and the Contextual Repository (that keeps all the 

contextual information, captured by the environment and that is required during the analysis 

phase).  

Phase 3: Modelling and Storing. In this phase the input is the Contextualised Interactions 

and the Contextual Repository that were generated previously. The phase objectives are 

twofold: modelling the contextualised interactions in a multidimensional schema [Kimball et 

al. 1998] and storing these interactions in a multidimensional repository. The output is the 

LIM.  

Phase 4: Analysing and Generating Feedback. In this last phase the input is the information 

in the LIM that are accessed using Analytical Queries. There are two phase objectives: using 

Analytical Queries to explore the LIM and, based on the query’s answers, generating 

feedback for students and teachers according to their needs. The outputs are reports for 

students and teachers. 

Our process tries to overcome the weaknesses in the interaction analysis approaches 

described in Section 2.3. Each phase will be better described in the following sections. 

3.2 Phase I - Interaction Structuring 

In Collaborative Learning, the ideas of Vygotsky (1978) and his followers have brought 

up evidence that we can learn more when doing it in group. Interacting with our peers gives 

us a forum to discuss our ideas, to take a stand on our views, to reflect about and to elaborate 

on them. Consequently, CSCLE can generate a large volume of interactions and the 

communication tools must be adapted in such a way to facilitate and organize the discussion 

and to supply instruments to reduce the information overload on people (Fussel et. al., 1998). 

A way to reduce overload is to structure the discussion and supply simple and representative 

pieces of information about the messages’ contents.  This helps the identification of 

message’s relevance and intent. 
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3.2.1 MOTIVATION 

Some authors (Kunz and Rittel 1970; Levin and Moore 1977; McManus and Aiken 

1995; Gerosa 2002, Soller 2004) claim that classifying utterances: 

• Increases the efficiency of online communications by reducing the cost of message 

production (saving typing);  

• Increases reflection on part of interlocutors by requiring that they identify the 

intent of their communication and thereby; 

• Increases the success of online communication by making intentions more explicit; 

and 

• Reduces the participants’ information overload, since it supplies information that 

helps the identification of the discussion content and structure without read the 

messages. 

If properly employed, categorisation also can help in structuring, organizing and 

focusing the discussion, making it more objective and disambiguating meanings (Selvin et al. 

2001). Additionally, the use of an argumentation model can help to improve the resolution of 

conflicts and the comprehension of problems, making it easier for participants to clearly 

organise their ideas, better understand others’ points of view and reach at a consensus more 

quickly. Other benefits may arise from automated guidance, enabled by tracking the dialogue, 

which helps to reduce the participants’ information overload, since it supplys information that 

helps the identification of the content and structure of the discussion without read messages. 

The choice of a category requires an additional effort to prepare a message. When 

supplying this kind of information about content, the author is obliged to reflect on what 

she/he is writing, increasing the quality of the discussion and leading to greater learning 

(Schön 1983). In fact, the author’s concepts, points of view and ideas must be well thought 

out in order to express her/himself in a way that separates her/his discourse into different 

messages, each one with its own category. 

A common categorization approach is to provide and require the use of a usually fixed 

set of categories for messages, whether synchronous or asynchronous. These categories often 

take the form of6: 

• Sentence Openers (McManus and Aiken 1995) – McManus and Aiken 

developed the Collaborative Skills Network, taxonomy of communicative acts 

                                                
6 The two first categories are based on Communicative Acts (Baker 1994) 
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based on the work by Johnson and colleagues (1990). Each communicative act 

in the taxonomy was signaled a key phrase or sentence opener (such as "Do you 

think" or "I disagree because") indicating the act's intention. Students 

communicate through a sentence opener interface by initiating each 

contribution with one of the key phrases, after which they type the rest of the 

message in. McManus and Aiken's system imposes a strict ordering on the 

students' conversation act usage, defining which acts should appropriately come 

before and after other acts. This approach is used, for example, by Comet and 

BetterBlether (see Section 2.2);  

• Dialogue Games (Levin and Moore 1977) – A Dialogue Game consists of a set 

of dialogue moves, representing interaction turns, which are players' 

commitment stores that include statements that players have committed to 

during the debate, commitment rules that define changes to the commitment 

stores as results of the dialogue moves, and game rules that define allowed 

sequences of moves (Walton 1984). This approach is used by Dialab (see 

Section 2.2); and 

• Argumentation Models (Kunz and Rittel 1970) - Argumentation Models have 

been widely employed as a means of helping people to capture and structure 

informal knowledge (Kunz and Rittel 1970). Moreover, they have often been 

applied as a mean of systematizing the communication patterns (whether 

synchronous or asynchronous) between members of a group. The use of an 

argumentation model entails classifying all elements of discussions in 

predefined abstractions of the model (e.g. Argument, Explanation) and 

connecting them via a set of pre-defined relations (e.g. provokes, generates). 

Almost all systems discussed in Chapter 2 have a sentence-opener interface in order to 

understand students’ interaction and give guidance based on an ideal model of dialogue. 

Dialogue-based interface provides several advantages such as: potential applicability to any 

subject matter; area and automatic interpretation of students’ interactions and restriction of 

discussion moves and learning interactions to those believed to be productive for learning. 

However, these systems present some disadvantages, such as: they restrict the range of 

communicative acts, overload the system’s interface with too much information, slow 

communication process down and misinterpret students’ dialogue when students use the 

category incorrectly.  
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Our work has chosen the use of an argumentation model to interactions categorizing 

because it helps to relate the interactions and construct a discussion graph, which is interesting 

to the interaction analysis process. Also, the system interface can be simpler than the 

sentence-opener interfaces by using an argumentation model. In the next section we are going 

to give more details about argumentation models. 

3.2.2 ARGUMENTATION MODELS 

IBIS (Issue Based Information System) (Kunz and Rittel 1970) is one of the most 

popular argumentation models found in the literature. It proposes a model based on three main 

abstractions: issue, position and argument. These abstractions can be related to each other by 

nine predefined relationships (e.g., supports, substitutes) – see Figure 3.2. An issue represents 

a decision problem, positions are statements that resolve the issue, and arguments either 

support or object to positions. The good trade-off between expressiveness and simplicity 

explains the popularity of the IBIS model. 

 
Figure 3.2 - IBIS Argumentation Model (Kunz and Rittel 1970) 

 

Upon sending a message, participants have to select the message category that more 

closely reflects their intention. In other words, users need to select one of a pre-defined set of 

appropriate utterance categories (e.g., question) that provide explicit information about the 

content of their messages.  For example, “QUESTION – Do you know what an argumentation 

model is?” Message categorization can provide grouping of the messages through reports that 

the instructors used to follow-up learner participation and to understand how the discussion is 

progressing, identifying its central elements.  

One of the first software programs to work with hypertext and message categorization 

was gIBIS (Conklin and Begeman 1988), which was based on IBIS and designed for 
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collaborative specification of software. According to the authors, the use of gIBIS favored the 

resolution and understanding of problems through the use of argumentative discussion. They 

also reported that the discussion was more explicit and the participants were able to structure 

their ideas more clearly, to better understand the points of view of their colleagues and to 

arrive at conclusions faster. Other example of a CSCLE using the IBIS model is Belvedere 

(Cavalli-Sforza and Suthers 1994). AulaNet (see Section 2.3) also uses a kind of 

argumentation model (based on IBIS) in the Conference services. 

3.2.3 PHASE I SPECIFICATION 

Interactions Structuring is the first phase (see Figure 3.3) of the Contex-based 

Interaction Analysis Process because it can make the intention of the messages and the 

relations among them explicit. In this phase, the input is all messages exchanged by users in 

the chat environment. The phase objective is the categorization (eihter automatic or user-

provided) and connection of the messages using an argumentation model. The output is a 

discussion graph.  

In order to structure the interactions (Siebra et. al. 2003), we have proposed an 

Argumentation Model for collaborative discussions (Siebra et. al. 2004) based on the IBIS 

Argumentation Model (Kunz and Rittel 1970) to classify and relate the interactions.  

To elaborate this model, the first step was to define the new set of categories that would 

be used. Such a set should be minimal, sufficient and unambiguous in a way that does not 

restrict people’s discourse and lets them categorize their messages without much effort. Being 

careful to clearly define the categories can minimize doubts and confusions. Ambiguous 

categories may lead to the misinterpretation of messages (Shum et al. 1996). Also, to enable 

the automatic classification of the interactions (just in case that users do not classify the 

interactions), it was necessary to carefully choose the categories (it must be possible to 

identify the categories via keywords). 
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Figure 3.3 - Phase I: Interactions Structuring 

 

In this light, we have analysed about 160 log files of educational chats available on the 

Internet (these log files had also been used by (Vieira 2004)) and from the first version of 

SmartChat+ (Siebra et. al. 2004). All these log files were read, analysed and the categories of 

each interaction were identified by hand (together with the keywords that were fundamental 

for the automatic categorization of dialogue). After that, the discovered categories were 

related, based on that previous analysis and on abstractions used in conventional classrooms. 

The result is the argumentation model shown in Figure 3.4 (we have used the UML notation 

(Jacobson et. al. 2006) to model it).  

The model has the following abstractions: 

• Proposal - used when the participant (student or teacher) wants to introduce a 

theme for discussion. For example, “Let’s talk about Argumentation Models” or 

“What do you think about Intelligent Agents?”; 

• Argument - used to express a point of view or to explain contributions. In other 

words, an argument is used to express ideas, reasons for or against questions, 

examples and arguments. For example, “I agree with you because your explanation 

was clear”, “I think that using an argumentation model is interesting.” or “No, I do 

not agree with you”; 
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Figure 3.4 – The Proposed Argumentation Model 

 
• Question - used to clarify doubts, ask someone to do something or challenge 

somebody to take part in a contest or to prove or justify something. For example, 

“Are you really sure about your answer?” or “What is an argumentation model?”; 

• Justification - used to clarify doubts and misunderstandings, doing a 

recommendation or giving an example. It is also used when someone wants to do a 

comment. For example, “an argumentation model provides a way to categorise the 

message exchanging among participants into a collaborative environment”. This 

abstraction is also used to answer a question; and 

• Interaction Maintenance – includes expressions used just to keep the 

communication channel open. For instance, “Hi, how are you?” or “Are you 

there?” are classified in this category.  

A discussion in a learning environment is composed by all those categories. Upon 

sending a message, participants have to select the message category (e.g., Argument or 

Question) that best reflects their intention, in order to provide explicit information about the 

content of their messages (see Figure 3.5)  

Consequently, the computational environment will be able to take advantage of the 

semantic knowledge of the categories and explicit relations among messages (e.g., if a 
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PROPOSAL abstraction was used in a message, other message related to it, using our 

argumentation model, should use either ARGUMENT or QUESTION) to organise and infer 

information, which will support the discussion processes. Additionally, the use of an 

argumentation model can improve conflict resolution and problem comprehension, making it 

easier for participants to organise their ideas, to better understand each other’s points of view 

and to reach a consensus more quickly. When a student uses an abstraction to categorise 

her/his message, she/he needs to reflect about what she/he is going to write and reflection is a 

fundamental skill in effective learning (Boud et. al., 1985).  Although choosing an abstraction 

to categorise a message can be tedious, it helps to organize large volumes of messages and to 

lessen the participants’ information overload.  

 

Figure 3.5 – Example of discussion using the Argumentation Model  

 

Using an argumentation model, all the user interactions in the CSCLE will be mapped 

to a discussion graph with a hierarchical structure (shown in Figure 3.6). Based on this 

discussion graph, the CSCLE can generate reports and statistics about how the participants are 

using the categories. These reports can help teachers to understand behavior and check 

compliance with tasks.   
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Figure 3.6 - Example of a discussion graph for the example of discussion in 

Figure 3.5 

 

3.3 Phase II - Interactions Contextualizing 

Support for collaboration is especially important in CSCLE, because the lack of face-to-

face interaction makes the participants less motivated to collaborate. The study of Computer-

Mediated Communication (CMC) has demonstrated that problems arise from the limitations 

placed on communication in the computer medium (Clark and Brennan 1993). The loss of 

nonverbal clues (such as intonation, facial expressions, gesture and who else is nearby) and 

the increased cost of utterance production (such as when using a keyboard) can make any 

discourse, including argumentation, more difficult. Moreover, as a communication process, 

the transfer of knowledge among actors can only be effective if there is a common interpretive 

focus and context where they can communicate and understand each other. Indeed, the 

concept of context plays an important role in collaboration, especially on what is concerned to 

facilitate communication, interaction and knowledge sharing, reflecting on group work 

productivity, quality and satisfaction (Araújo and Brézillon, 2005). 

In the learning process, the more details the system can provide about the users’ 

interactions, the more it can support their reflection and knowledge construction. These 

details are the contextual information.  

3.3.1 CONTEXT 

Context is a collection of relevant conditions and surrounding influences that make a 

situation unique and comprehensive (Brézillon, 1999). In other words, context is a complex 
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description of the knowledge shared on physical, social, historical and other circumstances 

where actions or events happen in the real world. All this knowledge is not  part of the actions 

being executed or the events that occur, but will constrain the execution of an action or event 

interpretation without intervening explicitly in it (Brézillon, 1999). Thus, to fully understand 

many interactions, actions or events, it is necessary to access relevant contextual information. 

Several domains (Brézillon 1999; Brézillon 2002; Dey, Salber and Abowd 2001; 

Rittenbruch 2002; Bazire et al. 2003; Dourish 2004; Coutaz et al. 2005) have already 

elaborated their own working definition of context. Although all the definitions are somewhat 

different, it is commonly agreed that context is about evolving, structured and shared 

information spaces, and that such spaces are designed to serve a particular purpose (Coutaz et 

al. 2005). Indeed, Bazire and colleagues (2005) show that all the definitions found on the web 

can be assembled around six questions:  

• Who? - Information about people; 

• When? - Information about time and historical Information; 

• Where? - Information about environment; 

• How? - Information about user’s action plans; 

• What? - Information about users activities in progress; and 

• Why? - Information about the reasons related to the user actions. 

In conversation, context plays a fundamental role in disambiguating utterances. Group 

members may find it difficult to recall information about the discussion, to justify their 

decisions when using interaction mechanisms, to remember previous ideas or to understand 

what other users have said when they do not know the context of each interaction. In many 

cases, only the context can provide the correct cues to give the right interpretation to a 

sentence or an action. In situations where geographically separated individuals have to 

collaborate (especially if they are interacting asynchronously), technological support for 

understanding and storing the contextual elements involved (e.g., location and users’ goals) is 

very important.   

Many times, without access to context, interactions can become highly ambiguous. To 

make matters clearer, consider, for example, the sentence “I need information about cats” and 

observe how drastically the utility of various results changes as we manipulate the context of 

the request in the following scenarios (adapted from (Budzik and Hammond 2000)).  
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Scenario 1: Veterinary student writing a term paper on animal cancer. In this case, the 

most appropriate information probably has to do with feline cancer, its diagnosis, treatment 

and so on.  

Scenario 2: Contractor working on a proposal for a new building. The contractor is 

most likely referring to Caterpillar Corporation, a major manufacturer of construction 

equipment, usually shortened to “cats” by people in the construction business. 

Scenario 3: Grad-school student writing a paper about Egypt. In this case, they would 

like to see information about cat mummies, laden with pictures and descriptions that are 

appropriate for a grade school student. 

Scenario 4: Students talking about their domestic animals. In this case, they would like 

to see information about the animals’ names, characteristics, moods and suggestion of kinds 

of foods or toys. 

Scenario 5: People talking about the famous Broadway spectacle called Cats. In this 

case, they would like to see information about theatres, show description, schedule and cast. 

These scenarios illustrate three kinds of problems associated with interpreting a 

proposal out of context. 

Problem 1: Relevance of goals and actual task being executed. In the scenarios 

described above, the goals of the user and the specification of the actual task contribute 

significantly to the interpretation of the interaction.  

Problem 2: Meaning ambiguity. The meaning of “cats” is different from the others in 

scenarios 2 and 5. The context of the interaction often can provide a clear choice of word 

meaning.  

Problem 3: Audience appropriateness. The audiences in each of the scenarios also 

constrain the choice of feedback. Appropriate sources for a veterinarian probably will not be 

appropriate for a student in grad school.  

The above problems illustrate the major drawbacks of current chat tools and dialogue 

histories as well as of other processes for interaction analysis that attempt to manipulate 

interactions out of context.  It provides the social, cultural and organizational factors in which 

interaction emerges and on which users will draw decision making on actions to take and in 

interpreting the system’s and/or user’s response. Moreover, by knowing the context, teachers 

and systems can better decide on which the adequate feedback to the learner is.  
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However, although context is a relevant aspect in the learning process, to the best of our 

knowledge, there are no CSCLE explicitly using the concept of context in their development 

or considering the context in the interaction analysis and report generation. Even so, some 

relevant contextual aspects can be found in the user, group and domain models present in 

most CSCLE (e.g., user experience, plans, user knowledge level, user abilities, goals, 

activities and pedagogical strategies). 

3.3.2 PHASE II SPECIFICATION 

Interactions Contextualizing is the second phase (see Figure 3.7) of the Context-based 

Interaction Analysis Process. In this phase, the input is the Discussion Graph of the previous 

phase. The phase objective is to enrich each interaction in the Discussion Graph with 

contextual information. This contextual information can be captured implicitly (using 

monitoring agents or sensors) or explicitly (through questionnaires or forms). The outputs are 

the Contextualized Interactions (interactions with the context required to better understand 

them – just a part of the contextual information such as Interaction, Individual, Subject and 

Session contexts) and the Contextual Repository (place that keeps all the contextual 

information, captured by the environment and that is required during the analysis phase).  
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Figure 3.7 - Phase II: Interaction Contextualizing 

In order to contextualize the interactions, we need to identify different types of contexts 

at different levels, trying to include all the elements related to CSCLE that can help in the 

interaction analysis process and trying to answer the questions mentioned in the section 3.2.1 
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(Bazire et. al. 2005). These contexts do not have the same granularity (Brézillon 2003b) so 

that it is difficult to find a simple representation of the contextual cues. Thus, based on the 

generic conceptual framework for analysing the use of context in groupware, proposed by 

Rosa, Borges and Santoro (2003), we have organised context in five different categories 

(Siebra et. al. 2005a, Siebra et. al. 2005b). In our extension, some contextual elements are 

added and others are deleted. Therefore, three new categories of context (Subject, Session and 

Location contexts) are created. All the categories are summarised in Erro! Fonte de 

referência não encontrada. and described as follows. This organization will be useful to map 

out the information that must be captured to characterize each interaction. 

Table 3.1 - Conceptual Framework for Interaction Analysis Context 

Information Type Related 
Question 

Associated 
Contexts 

Some Examples of Contextual Elements 

Subject 
• Name 
• Pre-Requirement 
• Difficulty level 

• Area 
• Reference books 

Scheduled Tasks What? 
Task 

 

• Name  
• Description 
• Kind of Activity 
• Pre-Conditions 
• Goal 

• Activities 
• Constraints 
• Estimated Effort 
• Deadline 
• Status 

Group 
 

• Name 
• Members  
• Aim 

• Roles  
• Group Manager 

Group Members Who? 
Individual 

 

• Name 
• Email 
• Age Group 
• Preferences 
• Access Frequency 
• Interests 

• Participation Level  
• Participation Classification  
• Knowledge Level 
• Average Session Length 

Interaction 

• Related Task 
• Messages Exchanged (including: author, addresses, 

date, time, discussion subject, message subject, 
abstraction used, related message) 

Relationship 
between 

People and Tasks 
How? 

Planning 
 

• Procedures • Strategies 

Session • Duration of the session 
• Session Classification 

• Session Supervisor 

Environment • Used Tool 
Setting Where? 

Location • User Location 
Completed Tasks When? Historical • Contextual Elements used to carry out the task 

 

1. Information about scheduled tasks (Subject and Task Contexts) - in CSCLE it is important 

to know what the users are doing and which subject the users are currently 

studying/discussing. So, this category includes: 
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• Subject Context – information about the subject that users are currently studying or 

discussing; and 

• Task Context - in CSCLE several tasks are possible (for example, to study a lesson, do 

exercises, do tests, discuss about a subject, share files, or draw something). The elements 

in this category are necessary to keep information about these tasks in order to identify 

what an individual or group is or was doing. 

2. Information about people and groups (Individual and Group Contexts) - The knowledge 

about the characteristics of individuals and the group as a whole is a resource that can be 

used by teachers to encourage interaction and collaboration (Pinheiro, Lima and Borges 

2003). This category includes: 

• Group Context – it is important to have in the Learning Interaction Memory (LIM)7 some 

knowledge about the group (e.g. abilities, experience) and which users compose the LIM 

in some specific moment. This kind of information could help to analyse if the group 

works well and, maybe, can help to create new groups in the future; and 

• Individual Context - the elements in this category help to characterize the user, as well as 

let other users better understand her/his doubts, difficulties and actions in the 

environment. Some of the contextual information in this category can be obtained from 

the user’s model (generally present in the CSCLE). 

3. Information about the relationship between people and tasks (Interaction and Planning 

Context) - in CSCLE it is important to know who is doing what, i.e. what task’s execution 

plan is and what is being discussed in the environment.  This type of information is 

represented in two kinds of context:  

• Interaction Context - information about the interactions that take place in the 

environment and about users’ behavior when interacting; and 

• Planning Context – information about the course execution plan (generally found in the 

pedagogical model of CSCLE). The Planning Context could be implemented using the 

idea of proceduralised context and contextual graphs presented in (Brézillon 2003a). The 

main goal of contextual graphs is not limited to the representation of a problem solving 

to the solution identified by the teacher, but to account for all of the variants of the 

learners that lead also to the same solution. This is the difference between the official 

plan (made by the teacher) and the practices developed by students when they 

"contextualize" the plan in order to tailor the problem solving to the context at hand. In 
                                                
7 A group memory  where it will be stored all interactions ocurred in the chat environment (more details in 
Section 3.4.2) 
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learning, an interesting side-effect of this approach is to clearly identify when a learner 

goes towards a dead-end way before the learner reaches it; 

4. Information about the environment where the interaction takes place (Session, Environment 

and Location Context) - information that characterises the environment and the current 

session where the interaction takes place and influences task completion. It also includes 

the user location, because it can change each time that users access the environment; and 

5. Information about tasks and activities already concluded (History Context) - information in 

this category tries to characterize the interactions that have already occurred. Its goal is to 

provide background information about the experiences learned either from the same group 

or from similar tasks performed by other groups. In this category, all contextual information 

generated is stored for future retrieval. It is the repository of the “group memory” 

(including contextual elements). Hence, a situation can be reconstructed with the context in 

which it occurred. This can also be used to share the latest news, seek advice and compare 

notes. Moreover, it allows students and/or teachers to access past events. Thus, it is a 

potential source of reflection for both the teacher and the student.  

 
Information presented in this conceptual framework (Erro! Fonte de referência não 

encontrada.) can be captured explicitly (e.g., ask some information to the user as hishe/her 

age group or preferences) or implicitly (e.g., using some kind of sensor or monitoring agent). 

Information can also be available in some models or databases of the CSCLE. For example, 

the Task, Group and Planning Contexts can be captured in the Domain and Pedagogical 

Models in CSCLE. Most of the information in individual contexts can be captured explicitly, 

for example, using a questionnaire that appears in the environment when the user first logs in. 

Other information can be added to the individual context according to the behavior of the user 

during the chat session. For example, the contextual element participation classification (see 

Individual Context in Erro! Fonte de referência não encontrada.) classifies the user 

performance during the chat session. Thus, according to hishe/her performance, the user will 

be classified into the following stereotypes8: challenger, agreer, remiss, tutor, contributor, 

questioner, and unnatentive. All the captured contextual information is stored in the 

Contextual Repository. 

 

                                                
8 Further details on stereotype user modelling can be found in [Rich 1989] 
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3.4 Interactions Modelling 

Although many CSCLE provide a way to store previously sent or received messages 

(e.g., by using temporally organized sequential log files or XML files), what  is really needed 

to give support to the analysis process is a common space to store information in order to 

comfortably refer to it and add new contributions. This common space will be the Group 

Memory. It is the record of the complete group interaction process. It is a common organized 

memory that corresponds to the discussion database. Indeed, it is the result of a process of 

accumulating data generated by group members during discussions in synchronous and 

asynchronous tools. According to Paiva (1997), when dealing with a CSCLE, we need to keep 

track of the group interactions, in order to follow the changes of social roles, beliefs, conflicts, 

misconceptions, and views of the task within the group.  

This kind of dialogue history is viewed as an important resource in collaborative 

dialogue since it provides a common reference to previous discussions and the context where 

they happened (unlike most spoken dialogues), which may encourage reflection and more 

effective collaboration (Collins and Brown 1988). This kind of information would help 

teachers to track students’ evolution process. Besides, the analysis of the contextualized 

information in the group memory enables users to reuse historical information to solve 

problems, reminding participants of previous ideas (encouraging elaboration on them) and 

possibly serving as an agenda for further work. 

In this light, it is important that this group memory is modelled in such a way that 

interactions can be viewed from different perspectives and the information can be easily 

crossed or filtered and could be presented selectively, according to users' needs (i.e. 

depending on their context, users could access different information). Indeed, the group 

memory’s model has to facilitate the interaction analysis as a mean of providing access to the 

information and construction of customized reports to teachers and students. Important 

information may be lost or need to be reproduced several times in order to achieve the 

desirable level of common knowledge if an inadequate persistence mechanism will be used to 

store the group memory (Borges and Pino 2000). Consequently, designing data models to 

support this analysis requires a different approach called Multidimensional Modelling 

(Kimball et. al. 1998).  
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3.4.1 MULTIDIMENSIONAL MODELLING 

The multidimensional data modelling technique organises and summarises large 

amounts of data so that it can be quickly evaluated using on-line analysis and graphical tools 

(Kimball, 1998). The answer to a query to historical data often leads to subsequent queries as 

the user searches for answers or explores possibilities. Multidimensionality is based on the 

duality fact-dimensions, i.e. facts are analyzed regarding data in the dimensions (see Figure 

3.8). A fact represents a subject of analysis; it is usually something that is not known in 

advance, an observation in the environment in a determinated time (for example, quantity of 

tasks or number of users). While dimensions show the different points of view, we can use 

them to study the fact. For instance, in Figure 3.8, to analyze the quantity of user interactions 

(the fact), we could do it attending to three dimensions, i.e. Time (when the user sent a 

message), User (who was the user) and Task (what the user was doing when we sent the 

message). Supposing a relational database implementation environment, multidimensional 

modelling produces dimension tables that contain attributes that are independent of those in 

other dimensions. For example, a user dimension table only contains data about users, a task 

dimension table only contains information about tasks carried out within the environment and 

a time dimension table only contains time and date information (Figure 3.8).  

It is possible to have one or more fact tables. Fact tables contain data that describe a 

specific event within a business or environment. A fact table captures the data that measures 

the users’ operations such as quantity of tasks and number of sent messages. A key 

characteristic of a fact table is that it contains numerical data (facts) that can be summarized 

to provide information about the history of the users’ operations. Each fact table also includes 

a multipart index that contains indexes to the related dimension tables, which contain the 

attributes of the fact records (see the fact table in Figure 3.8). Fact tables contain numerical 

measurement fields and the index fields that relate the facts to corresponding entries in the 

dimension tables.  
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Figure 3.8 - Fact and Dimesions Tables in a Star Schema Example 

 

Dimension tables contain attributes that describe fact records in the fact table. Some of 

these attributes provide descriptive information; others are used to specify how fact table data 

should be summarized to provide useful information to the analyst.  

A schema is a collection of database objects, including tables, views, indexes, and 

synonyms.There is a variety of ways of arranging schema objects in the schema models 

designed for multidimensional modelling. One of them is a star schema. A star schema has a 

single fact table with a set of dimension tables (e.g., user dimension, task dimension and time 

dimension) - see Figure 3.8. In a star schema, each dimension table has a single-part index 

that links to one part of the multipart indexes in the fact table. In most designs, star schemas 

are preferable because they involve fewer joins for information retrieval and are easier to 

manage. 

3.4.2 PHASE III SPECIFICATION 

Interaction Modelling and Storing is the third phase (as shown in Figure 3.9) of the 

Contex-based Interaction Analysis Process. In this phase the input is the Contextualized 

Interactions and the Contextual Repository that were generated in the previous phase. The 

phase objectives are two: modelling the contextualized interactions in a multidimensional star 

schema and storing these interactions in a muldimensional repository. The output is a 

Learning Interaction Memory (a group memory for learning interactions modelled in a 

muldimensional way).  
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Once the interactions are structured and contextualized, they will be stored in the 

Learning Interaction Memory (LIM). We have developed a multidimensional model for the 

LIM. Using multidimensional modelling (Kimball et al. 1998) analytical queries can be 

applied to explore the information stored in the model and generate feedback to both students 

and teachers.  

The LIM’s multidimensional model (Figure 3.10) has one fact table (called Facts) and 

nine dimensions: DimGroup, DimSubject, DimActivity, DimTime, DimSession, 

DimEnvironment, DimLocation, DimInteraction and DimUser. This choice of dimensions 

was based on the types of context presented in Erro! Fonte de referência não encontrada. 

(with exception of the Planning Context that was not used) for the purpose of better 

characterizing our facts (the number of interactions and the number of users). This model 

allows the exploration of facts according to the user needs and the desired context. 

 
Figure 3.9 - Phase III: Interactions Modelling and Storing 
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Figure 3.10 - LIM's Multidimensional Model 

3.5 Phase IV - Interaction Analysis 

Multidimensional Analysis (Kimball et al. 1998) is a process of analysis that involves 

organising and summarising data in a multiple number of dimensions. In the case of CSCLE, 

the interactions data must be organised through multidimensional models which represent a 

conceptualisation of the interaction.  

Whereas multidimensional modelling was used, analytical queries can be applied to 

LIM. Analytical queries provides benefits to users, such as:  

• An intuitive multidimensional data model makes it easier to select, navigate and 

explore the data; and 

• An analytical query language provides power to explore complex data 

relationships. 

Data can be analysed (summarised, consolidated, consulted and/or processed) along 

multiple levels of abstraction and from different perspectives (dimensions). Queries can use 

attributes in dimensions to specify a view into the fact information (an intersection into the 
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hypercubic structure). For example, a query might employ the user, task and time dimensions 

to ask the question "What was the number of tasks completed by students in 2004?" 

Subsequent queries might drill down along one or more dimensions to examine more detailed 

data, such as "What was the number of tasks completed by the student called Ana in 24th 

November 2004?". In these examples, the dimension tables are used to specify how a measure 

in the fact table is to be summarised. 

3.5.1 PHASE IV SPECIFICATION 

Interaction Analysis and Feedback Generation is the last phase (see Figure 3.11) of the 

Context-based Interaction Analysis Process. In this phase the input is the information in the 

LIM that it will be accessed using Analytical Queries. There are two main objectives in this 

phase: using Analytical Queries to explore the LIM and, based on the query’s answers, 

generating feedback for students and teachers according to their needs. The outputs are 

reports for students and teachers.  
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Figure 3.11 - Phase IV: Interactions Analysing and Feedback Generation 

 
Analytical Queries can be used to explore the LIM’s information. This kind of analysis can 

be used both by the users (directly) and by the CSCLE to support students and teachers and 

generate reports giving details about previous discussion and different types of learner 

contributions. Thus, it will be possible to answer the questions for three kinds of users: 

teacher, students and tutors. Examples of such questions (obtained from discussions among 
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Computer Science teachers and refined according to the feedback given in workshops, 

seminars and conferences where this work was presented) are presented below:  

1) To teachers 

a) What were the subjects more discussed by students (they have the most number of 

interactions) in a specific chat session? 

b) What are the subjects which the students have more doubts in? 

c) Have the students discussed more when the activity has a high difficulty level? 

d) What were the activities with status X in the period Y? 

e) How many students with low knowledge level have participated in the execution of 

activity X? 

f) Mixes of the questions above. 

2) To students 

a) How my participation is related to the others students’ participation (number of 

interactions and participation level)?  

b) What are the subjects which I have more doubts in? 

c) Who are the students that have similar difficulties to my own difficulties (in other 

words, students have the most of interactions using the interaction classificantion 

QUESTION in subject X)? 

d) Which were the subjects that I have discussed more? 

3) To Tutors 

a) Who are the students that have difficulty in a subject that I know very well? 

 
The answers of these questions will be obtained by analysing data in the Facts Tables 

(Figure 3.10) with regard to data in the dimensions. For example, in question a) to teachers, 

we can calculate the maximum number of interactions (attribute of the table of Facts) 

according to the Subject dimension and with the Time dimension restricted to a specific date.   

One example of using these questions is the following: suppose that one teacher have 

gotten the answer of the question “What are the subjects which the students have more doubts 

in?”. According to the answer, the teacher can decide to make a review class about these 

subjects available in the CSCLE. In another example, suppose that when students have the 

answers about her/his performance (e.g. question 2a and 2b afore mentioned for the students), 

she/he can decide looking for the teacher or study more or ask for help to her/his friends, 

By answering these questions and generating reports about them, we intend to support 

students and teachers in their activities and in the reflection process. This kind of feedback 
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generation is a very important resource in CSCLE (Soller et al. 2005, Lonchamp 2006) and it 

is not yet provided by most CSCLE. 

3.6 Related Work 

Interaction Analysis has been acknowledged as a key issue in Collaborative Learning 

research, as a means for supporting student self-regulation as well as formative evaluation 

processes (Martinez et al. 2003). There are several proposals of tools for both approaches: 

(Interaction 2005; Vieira, 2004; Vieira et. al. 2004) are examples of the first approach, 

whereas (Avouris et. al. 2002; Lipponen 2002) exemplify the latter. Some authors state that 

these two approaches rely on the same basic functions (Interaction 2005; Jermann et. al. 2001, 

Soller et. al. 2005), and that information obtained by teachers with an evaluation tool, for 

example, can be presented to students to achieve and promote self-regulation (Avouris et. al. 

2003). 

Usually, systems perform interaction analysis by applying methods from Artificial 

Intelligence that compare the results with an ideal case, and produce messages to guide 

students (Soller et al. 1999; Constantino-González and Suthers 2001; Soller and Lesgold 

2003; Soller 2004). Alternatively, researchers also do an off-line analysis of the interaction in 

order to understand the collaborative processes and other researchers have their analysis focus 

on the asynchronous communication tools like foruns (Fuks et. al. 1999; Simoff 1999; 

Veerman 2000; Talavera and Gaudioso 2004; Fuks et. al. 2006).  

Off-line evaluation removes the temporal constraints that are present in dynamic, on-

line coaching and evaluation scenarios, although such evaluation procedures also introduce 

some delay in the feedback and evaluation. Off-line evaluation may be performed by either 

the system or a human evaluator. In the first case, the system improves its own ability to 

diagnose student performance by directly analysing students’ interactions and/or actions (e.g., 

Soller 2004; Soller and Lesgold 2003). In the second case, a human may intervene in the 

process to alter the method of facilitation or even the model of desired interaction (e.g., 

Robertson et al. 1998). 

Other related line of research is the work on Collaborative Learning Ontologies (e.g., 

Inaba et. al. 2001) where ontologies are used to represent CSCL sessions. The ontology will 

work as a vocabulary to describe the session and provide design patterns, which are referred 

during the instructional design process. In their work, Inaba et al. also present some 
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instructional design support systems using the ontology as the TIA (Theory-based Interaction 

Analysis). The TIA support system will help human users to analyse complex interaction 

processes in collaborative learning. It will be useful to interpret what type of collaborative 

learning has occurred in the learning session and to identify why a learning session is not 

effective. 

An interesting work that it is being done in the area of interaction analysis is the work of 

KaleidoScope NoE (KaleidoScope 2007), a European research network. It focuses on the 

foundations of the design, the implementation and the evaluation of learning environments. 

Foundations related to the design of technology based learning environments must not be 

limited to the initial means of interaction itself, but needs also to be extended to the means 

that could assist on the analysis of very complex interactions that occur, and thereby could 

support teachers and students (KaleidoScope 2007). They are defining a Unified Framework 

on Interaction Analysis (Harrer 2004), considering an interaction as an action that affects or 

can affect the collaborative process. This framework is been based on defined concepts and 

relations, taking into account different application contexts (e.g., different kinds of technology 

based learning environments, simple and complex problem solving collaborative activities, 

existence or not of teachers and educational level). 

When analysing the approaches to the interaction analysis that we have investigated up 

to now, we have encountered the following weaknesses (in general):  

• They generate feedback based on the interaction analysis, most of time, just to 

students (excluding the teachers’ needs); 

• They only generate pre-defined reports and do not allow the users to cross 

information to create new reports; 

• They neglect the context where the interactions occur. The analysis should take into 

account the context where interaction emerges – the social, cultural and 

organisational factors that affect interaction, and on which users will draw when 

making decisions about actions to take and in interpreting the CSCLE’s and/or 

users’ response. Moreover, identifying the context in which the interactions 

occurred is fundamental to extract the knowledge produced in them. In that respect, 

the method proposed by Daradoumis et al. [2006] is an exception – they consider 

both qualitative and quantitative aspects of the collaborative interaction. In 

performing Social Network Analysis, they consider part of the context where the 
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interactions were produced. Consequently, the identification of the contextual 

elements is relevant to characterise, enrich and qualify the interaction; and 

• They have inadequate mechanisms for interactions’ persistence - While researching 

CSCLE that use group memories as a source of information to generate feedback for 

students and teachers, we have analysed some collaborative environments and the 

evaluation processes used for them (e.g. Robertson et al. 1998, Constantino-

Gonzalez and Suthers 2001, Fuks et al. 2003, Soller and Lesgold 2003, Vieira et al. 

2004, Soller et al. 2005, Lonchamp 2006, Daradoumis et al. 2006). We have 

observed that most of the environments have inadequate mechanisms for 

interactions’ persistence - group members may find it difficult to recall and justify 

their decisions when using interaction mechanisms with low or no persistence. 

Although most of them provide a way to store previously sent or received messages 

(e.g., by using sequential log files, normally organised in temporal order or in XML 

hierarchies), what it is really needed is a group memory to store the information. 

Thus, it would be possible to comfortably refer to it, add new contributions and 

analyse the stored information, according to the user’s needs. Such a group memory 

would be an invaluable source for evaluating the collaborative process.  

One recent and ambitious proposal is the generic synchronous collaborative learning 

environment called Omega+ (Lonchamp 2006), that is not tightly tied to some specific usage 

situation, learning process or knowledge type. In its approach, model-based genericity is 

applied to the four dimensions of collaborative learning: the situation, the interaction, the 

process and the way of monitoring individual and group performance. These four aspects are 

explicitly specified in a set of models that serve as parameters for the generic environment. 

According to the author (Lonchamp 2006), this opens the possibility of combining many 

structuring/scaffolding techniques that have been proposed in isolation in the CSCL literature. 

This proposed environment can emulate some the main functionalities of a large set of 

existing tools (e.g., Better Blether, Belvedere, Comet, Coler and others). The environment can 

be configured to structure the interaction and to generate feedback for students. The problem 

is the difficulty to configure the environment, as well as the overload of configuration options 

in its interface. However the author argues that teachers can fine tune the generic environment 

to meet their specific requirements and pedagogical strategies. 
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3.7 Final Considerations 

Effective collaborative interactions have been considered to be a powerful and 

successful learning method. Students learn effectively in groups, where one encourages the 

other by asking, answering, reasoning, explaining, justifying their opinions and reflecting 

about what is being discussed. Therefore, the interaction becomes the key element to 

understand the process of building knowledge and the role of each student in this process. In 

this scenario, interaction analysis can produce resources for the system to support individual 

and group needs as well as to better evaluate their behavior, attitudes, knowledge level, and 

difficulties.  

In collaborative learning situations, teachers can help peers to refine their learning by 

encouraging participation, setting up collaborative situations as well as by coordinating the 

collaboration process whenever necessary. In order to do so, teachers need to analyse the 

student’s interactions, extracting their weaknesses and strong points. For a system to provide 

this kind of information to teachers (enabling them to follow the evolution of students in the 

short, medium and long terms), it is necessary to analyse which relevant pieces of knowledge 

have been shared and how these kinds of information can help group members (either 

individually or collectively) to perform better.  

In this light, we have proposed a Context-based Process for Interaction Analysis to 

support students and teacher in their activities and to generate adequate feedback for them. 

Next Chapter presents a prototype of a context-based analytical environment that uses our 

process to analyse the interactions and generate feedback for students and teaches. The idea is 

to put in practice the described process and to experiment the ideas discussed in this Chapter. 
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Chapter 4 – A CONTEXT-BASED ENVIRONMENT FOR 

INTERACTION ANALYSIS 

For the purpose of putting in practice the Context-Based Process described in Chapter 3, 

we have implemented a prototype of a Context-Based Environment for Interaction Analysis.  

To simplify matters, we have limited our analysis in the prototype construction to 

synchronous interactions that occur in a chat environment. This is due to the fact that such 

interactions are a basic component of communication in any CSCLE. The chat environment 

used in the prototype construction was an Intelligent Chat for Collaborative Discussion called 

SmartChat (Siebra et al. 2004). 

Hence, Section 4.1 presents an overview of the environement’s architecture. Then, each 

of the following section presents a component of this architecture in detail: Section 4.2 

presents the chat engine; Section 4.3 discusses the Agent Society; Section 4.4 brings in the 

LIM’s Generator; Section 4.5 shows the LIM; Section 4.6 presents the last module, the Report 

Generator. After that, Section 4.7 discusses some implementation issues, while Section 4.8 

presents an interaction example that uses the environment in order to make matters clearer. 

Finally, Section 4.9 presents our final considerations. 

4.1 The Environment Architecture 

Figure 4.1 shows the prototype architecture, which has two components: the chat engine 

called SmartChat (Siebra et al. 2004) and the Context-Based Analytical Environment.  This 

Analytical Environment consists of: 

• An Agent Society composed by two agents: the Monitor and Modeller Agents and 

three repositories called Contextual Repository, Domain Knowledge Base and 

Interaction Log. The Agent Society is responsible for structuring and 

contextualizing the interactions as well as for recording them in the Interaction Log. 

A discussion session starts when the chat room is opened and the students log in. It 

finishes when all students log out. Moreover, the Agent Society is also responsible 

for acquiring all the Contextual Information (according to the Conceptual 

Framework for Interaction Analysis Context in Table 3.1) and storing them in the 
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Contextual Repository, as well as for generating On-Line feedback to the 

enviroment’s users. 
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Figure 4.1- Prototype's Architecture 

• The LIM Generator that, at the end of the session, groups the interactions related to 

that session (extracted from the Interaction Log), takes the Contextual Information 

from the Contextual Repository, models these data in a multidimensional way and 

stores them in the Learning Interaction Memory (LIM); 

• The Learning Interaction Memory, a muldimensional repository for storing all 

discussions occurred in the environment and the contextual information about them; 

• A Report Generator that uses Analytical Queries to access and cross the necessary 

historical information stored in the LIM and generates Reports for Students and 

Teachers. 

  
In the following, we will describe this context-based architecture in detail. The complete 

environment (SmartChat + Context-Based Analystical Environment) will be henceforth called 

SmartChat+. 
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4.2 SmartChat  

SmartChat (Siebra et. al. 2004) is an intelligent chat engine that has similar structure 

and functionalities to other chat engines available on the Internet. It was designed to allow 

collaborative discussions of specific subjects and, in the current version, covers the subject 

“Object-Orientation” (Sintes, 2002).  At the moment, SmartChat is only available in 

Portuguese.  

4.2.1 SMARTCHAT INTERFACES DESCRIPTION 

 To log-in to the SmartChat server, users must click in the “Conectar” icon (indicated 

by #  in Figure 4.2). After that, the login interface (indicated by $  in Figure 4.2) will 

appear. In the login interface, users have to inform the name of the local from where they are 

accessing the environment (e.g., Casa, Trabalho, Universidade/Faculdade or Acesso Móvel 

options). This information will be recorded in the location context in the Contextual 

Repository.  

#

$

 
Figure 4.2 – Login Interface 

If a user is accessing the environment for the first time, a questionnaire will be 

displayed (Figure 4.3 and Figure 4.4) to gather information about him/her, such as ageGroup 

and interests. If it is not the first time that a user is accessing the environment, some 

information about him/her will be loaded in the environment. The information in the 

questionnaire will be recorded in the individual context of the Contextual Repository. 
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 Once connected to the server, users will receive a welcome message and they can see 

the log of messages, which were sent before their log-in, by clicking in the “Histórico de 

Msgs” icon. The message history that appears to users can be seen in Figure 4.5. It shows 

some of the main information recorded in the Interaction Log. 

 
Figure 4.3 - First page of the initial questionnaire 

 
Figure 4.4 - Last page of the initial questionnaire 
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Figure 4.5 - Message History 

In order to facilitate users’ communication, the Smartchat interface (Figure 4.6) presents 

a similar structure to other chats found on the Internet. The SmartChat’s interface is divided 

into six regions:  

1) Tool bar (indicated by ( ) contains,  in sequence, icons to: connect to the 

environment, see the message history, see the performance graph and feedback 

information, see reports, exit the chat and request help; 

2) List of logged-on users (indicated by ) ); 

3) Sent messages area (indicated by * );  

4) Reference message area (indicated by + ) – where a message, which users have 

selected to reply, appears; 

5) Message composition area (indicated by , ), which has facilities such as: 
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a) Indicate Message intention (indicated by ) - based on the abstractions of the 

Argumentation Model (“Fala” is the default option and it is equivalent to the 

abstraction “Interaction Maintenance” of the Argumentation Model) ;  

b) Insert emoticons to express feelings (indicated by ).  

c) Change font and color of the message (indicated by ); 

d) Send button – to send the message (indicated by ); 

e) Clear button – to clear the message composition area (indicated by ). 

*

+

,

-

.

)

#/

(

## #$ #(
 

Figure 4.6 - SmartChat Interface 

6) The status bar (indicated by - ) is in the lower corner of the screen. It shows the 

connection status as “Conectado…” and the occurrence of some problem such as 

when the connection is down.  

 
 To send a message, users must select the message intention through the appropriate 

combobox (e.g. Propõe, Justifica, Pergunta, Argumenta and Fala - the equivalent to the 

abstraction Interaction Maintenance). If an intention is not selected, SmartChat will try to 

infer a suitable intention for the sent message. After selecting the interaction intention, the 
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addressee must be selected among the users in the list of logged-on users. Finally, the 

message should be typed in the message composition area and the “Enviar” button pressed. 

 If a user wants to relate the message to be sent to another message that is on the list of 

sent messages, this user must indicate this by clicking on the sent message. After that, the 

message will appear in the Reference Message Area and the user may proceed to send 

hishe/her new message in the same way as explained before. 

4.3 The Agent Society  

As mentioned before, the Agent Society is composed by two agents (Monitor and 

Modeller Agents) and three repositories: the Contextual Repository, the Domain Knowledge 

Base and the Interaction Log. 

4.3.1 MONITOR AGENT 

The Monitor Agent constantly monitors the messages exchanged by users. It accounts 

for the phases I (Section 3.2) and II (Section 3.3) of the Context-Based Process for Interaction 

Analysis. Consequently, it has the following main functions: 

1) Monitors the user interactions;  

2) Structures the interactions using the argumentation model described in the Section 

3.2. To categorize their interaction, users should choose one abstraction (e.g., 

Question, Argument, Proposal, Justification or Maintenance). However, since users 

sometimes do not choose the adequate abstraction to categorize their messages, the 

Monitor Agent tries to infer the intention underlying each utterance. In order to do 

so, this agent uses a parser and a predefined vocabulary of word categories (e.g., the 

Question abstraction can have words such as: “what”, “why”, “when” and “how”). 

Whereas the interactions were categorized, the Monitor Agent infers the relation 

among them using the argumentation model. Thus, a Discussion Graph (see the 

second phase of the Contex-Based Process in Section 3.2.3) is created; 

3) Captures the initial individual context of the user connected to the chat through an 

initial questionnaire (see Figure 4.3 and Figure 4.4) to gather information about 

him/her, such as ageGroup and interests (elements of the individual context, 

discussed in Section 3.3). This information is stored in the Contextual Repository, 

where is stored all the information about users that have already used the chat 
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environment, among other contextual information. If it is not the first time that the 

user is accessing the environment, the Monitor Agent  loads the information stored 

in the Contextual Repository about him/her to the computer memory. This loaded 

information will be used by the Modeller Agent at the moment of the user 

classification; 

4) Captures the Subject context using a parser and some information from the Domain 

Knowledge Base. To identify the Subject Context, of each sent message, the 

Monitor Agent executes a parser that processes the utterance and searches for 

concepts related to the subject under discussion in the Domain Ontology. The 

Domain Ontology is in the Domain Knowledge Base and represents the concepts 

related to the subject to be discussed. The identified subject context of each 

interaction is stored in the Interaction Log; 

5) Captures the Interaction Context. To identify the abstraction used in each message 

and the other elements of the Interaction Context, another parser is used in 

association with some keywords (e.g. to identify a question the possible keywords 

are Why, How, Where, What and so on) and the Argumentation Model (both present 

in the Domain Knowledge Base). The identified Interaction context of each 

interaction is stored in the Interaction Log;  

6) Whenever users log in the system, this Agent updates the Location context of them 

(stored in the Contextual Repository), based on the information filled in the login 

interface by themselves (“De onde está acessando?” field, Figure 4.2); 

7) Takes into account the context of the structured interactions (according to the 

context categories described in Table 3.1) transforming them into Contextualized 

Interactions (see Phase II of the Context-Based Process in Section 3.3.2). To 

contextualize the utterance in this point, the Monitor Agent uses the Task, Group, 

Individual, Planning, Subject and Interaction contexts. The Task and Planning 

contexts are captured in the Domain Knowledge Base. The Group, Individual, 

Location and Environment contexts are in the Contextual Repository; 

8) Takes the Contextualized Interactions and includes them in the Interaction Log. 



 74 

4.3.2 MODELLER AGENT 

The Modeller Agent is responsible for generating On-Line Feedback for users as well as 

for classifying the users according to their participation level in the discussions (in other 

words, it updates the individual context in the Contextual Repository). Thus, it has the 

following main functions: 

1) Assigns a stereotype to users according to the information in the Contextual 

Repository and the users’ participation in the discussion (considering, for example, 

the abstractions of the Argumentation Model used in the dialog and the quantity of 

messages). The user can be classified as one of the following stereotypes: 

challenger, agreer, remiss, tutor, contributor, questioner, and unnattentive (see 

Figure 4.7). The stereotypes are based on the idea that users belong to homogeneous 

groups (called stereotypes (Rich 1989)) and describe user performance during the 

chat session. It is important to note that the user stereotype can change during the 

discussion and this historical information will be registered.  

 
Figure 4.7 - User Stereotypes 

2) Calculates some values (e.g., access frequency, participation level and average 

session length) in the individual context based in the user mood in the discussion 

sessions. 

3) Decides at which moment to interfere in the conversation and give On-Line 

Feedback to users. The identification of the users’ stereotype allows the Modeller 

Agent to interfere in the discussion to perform one of the three following actions 

(based on Feedback Rules stored in the Domain Knowledge Base and on the 

information in the individual context, stored in the Contextual Repository):  
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a. Send support messages to users (e.g., “Well done! You’ve got excellent 

explanations!” or “You are so laconic, wouldn’t you like to participate 

more?”), according to the stereotype she/he fits in;  

b. Suggest references related to the subject being discussed (e.g., “If you have 

doubts about this subject, then you should consult the X book”); these 

references are stored in the Domain Ontology (that is part of the Domain 

Knowledge Base);  

c. Name another chat user that may collaborate with the user having difficulties 

(e.g., “Look, maybe Joe can help you with your doubts. Why don’t you talk 

to him?”). In this last case, the agent looks for somebody with the “tutor” or 

“contributor” stereotype and that has a good knowledge level in the subject 

that the user is having difficulty.  

An example of On-Line Feedback to users can be seen in Figure 4.8. In this 

example, João23 is an agent and it is asking a question to stimulate the discussion. 

By motivating students and striving to stimulate the collaboration between users, we 

try to make the interactions in SmartChat more effective and focused on the subject 

being discussed; and 

 

Figure 4.8 - Example of On-Line Feedback 
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4) Updates the individual context of logged-in users in the Contextual Repository, 

according to their behavior in the discussion session. 

4.3.3 CONTEXTUAL REPOSITORY 

The Contextual Repository stores the individual, group, location and environment 

contexts. The individual context is captured in two ways: explicitly by the initial 

questionnaire and implicitly through the Modeller Agent. This agent accounts for the values of 

the user participation classification, access frequency, participation level and average session 

length. The information in the group context must be provided by the teachers. The location 

context is captured in the login interface (see Figure 4.2) each time that a user log-in in the 

discussion session. The environment context is provided by the users. 

4.3.4 DOMAIN KNOWLEDGE BASE 

The Domain Knowledge Base is composed by: 

• The Argumentation Model (abstractions and relations as presented in Section 3.2);  

• The Domain Ontology (see Figure 4.9) represents the subject context. An  ontology 

is a formal and explicit specification of a conceptualization (Gruber 1995). A 

conceptualization is an abstract, simplified view of the world that we wish to 

represent for some purpose. In other words, an ontology models a knowledge 

domain, defining the objects, concepts and other entities that are assumed to exist in 

some area of interest and the relationships that hold among them. That model can be 

used as much by humans as by software agents, in order to stablish a common 

understanding about concepts and relations in a knowledge domain (Schumacher 

2003). 
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Figure 4.9 – A sample of the Object-Orientation Domain Ontology in UML(Bezerra 2006) 

 

In our case, if users are communicating to each other in a shared language, then there 

must be some agreement about a universe of discourse. Furthermore, if the shared 

language includes vocabulary denoting entities and relationships in the 

conceptualization, there must be some way to specify what can be meaningfully stated 

in this vocabulary (the subject to be discussed in the chat environment). Ontologies, in 

the context of knowledge sharing, are a means for making such content-specific 

agreements (Gruber 1995). At present, the employed Domain Ontology deals with the 

subject Object-Orientation (Sintes 2002). It acknowledges word variations used in the 

discussion (plurals, abbreviations, marks and synonyms) and each concept in the 

ontology has registered its difficulty level, pre-requirements and some indicated 

references (e.g., book or link); 

• The planning and task context. The planning (e.g., it generally contains the course 

plan and the learning strategies) and the task context (e.g., what students must do in 

the environment) must be defined by teachers; 

• Feedback Rules are production rules (Russell and Norvig 2003) used by the 

Modeller Agent to discover the best strategy to adopt to stimulate each kind of user 
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stereotype. The agent uses the rules together with information from the Contextual 

Repository and from the Domain Knowledge Base in its reasoning process ;  

• Production rules used to classify the users’ participation (according to the individual 

context and the user’s participation in the discussion). 

4.3.5 INTERACTION LOG 

In the Interaction Log all the interactions occurred in the discussion session and the 

context necessary to better understanding them (the interaction and session contexts) are 

recorded. In the Context-Process for Interaction Analysis, the Interaction Log corresponds to 

the Contextualized Interactions (see Figure 3.7) generated by phase II.  

4.4 LIM Generator  

The LIM Generator accounts for uploading the Learning Interaction Memory (LIM). 

Indeed, it accounts for the third phase of the Context-Based Process for Interaction Analysis 

(Section 3.4). Thus, at the end of chat sessions9, the LIM Generator captures, models 

(according to the LIM’s Multidimensional Model in Figure 3.10) and stores, in the LIM, the 

information obtained from the Interaction Log, the Contextual Repository and the Domain 

Knowledge Base.  

4.5 Learning Interaction Memory  

The LIM is a common organized memory that corresponds to the discussion database. 

Indeed, it is the result of a process of accumulating data generated by group members during 

discussions in the chat environment and their respective context. Indeed, the historical context 

is in the LIM (see Table 3.1). The LIM was modelled as a multidimensional schema (see 

Section 3.4.2). 

4.6 Report Generator   

The Report Generator is responsible for analyzing the interactions (exploring the LIM) 

and issuing different reports for teachers and students during and at the end of the discussion 

session. Indeed, this module implements the last phase of the Context-Based Process for 

Interaction Analysis (see Section 3.5).  
                                                
9 The end of the session occurs when all users logged out of the environment and the Chat Server is stopped. 
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Via this module, it is possible to generate statistical reports as well as more complete 

reports based on the information on the previous discussions. Statistical reports for teachers 

and students are about the current discussion session. The teacher report (see Figure 4.10) 

presents general statistics about all the students, indicating the most and less discussed subject 

and the participation level of each student to each discussion session. The student report (see 

Figure 4.11) presents her/his individual performance inside the group of discussion, hishe/her 

classification in the environment, the subject that she/he has discussed more and the most and 

less discussed subject.  

Statistical Reports appear in a web browser when the “Desempenho” icon is clicked 

(see Figure 4.6). In this moment, if the user is a teacher (this information is in the Contextual 

Repository), she/he will see information about all users in the group. But if the user is a 

student, she/he will only see information about her/his own performance in the discussion.  

 
Figure 4.10 - Teacher Statistical Report in Details 
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Figure 4.11 - Student Statistical Report in Details 

 

To generate the statistical reports, SQL queries (Elmasri and Navathe 2005) were 

submitted to the LIM. Querying a multidimensional model makes it easier to find the result 

because less join operations (Elmasri and Navathe 2005) among the tables are necessary. For 

example, to generate the first field (“Assunto mais discutido”) in the right side of the Figure 

4.11 the query in the Example 4.1 was used. The second and third fields are variations of the 

query in Example 4.1. To generate the last fiel (“Sua classificação no Chat”) the query 

correspond to the one in Example 4.2. Moreover, to generate the information in the pizza 

graph in Figure 4.11, the queries specified in the Example 4.3 were used. 

More complete reports are based on the information about previous discussions, 

accessing the information stored in the LIM via an OLAP Tool (more details in the Section 

4.7.5). 
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Example 4.1 - Query to compute “assunto mais discutido” in the Figure 4.11 

 

Example 4.2 - Query to compute “sua classificação no chat” for user 6 (criatronics) in the 
Figure 4.11 

 

Example 4.3 – Queries to compute the information used in the pizza graph in the Figure 4.11 
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4.7 Implementation Issues 

SmartChat was developed in Java (Java 2006; Deitel 2006) and uses RMI (Remote 

Method Invocation) (Java 2006) in the communication between server and chat clients. The 

agents (Monitor and Modeller) were implemented as threads (Deitel 2006) in Java. 

4.7.1 CONTEXTUAL REPOSITORY 

The individual, group, location, session and environment contexts are stored in this 

repository. It was implemented using both: XML (Ray 2001) (see Figure 4.12) and a 

relational database (see Figure 4.13). Indeed, there is a flag, in a properties file, to indicate 

where the information will be stored (in the XML file or in the database or in both at same 

time). This was done because it was not possible (in some cases) to have a database 

configured and available in order to use in the prototype execution. In this case, the 

information is stored only in the XML file and then, is imported to the database. 

 
Figure 4.12 - Contextual Repository implemented using XML 

 



 83 

 
Figure 4.13- Contextual Repository implemented using a relational database 

 

The relational database (Figure 4.13) has nineteen tables to represent the contexts stored 

in the contextual repository. The Individual Context is represented by tables: TB_User, 

TB_UserType, TB_Preference, TB_AgeGroup, TB_ParticipationClassification, TB_Interests, 

TB_KnowledgeLevel and TB_Subject. The Group Context is represented by tables 

TB_Group and TB_UserGroups. The Location Context is represented by tables TB_Location 

and TB_UserSessionInformation. The Environment Context by tables TB_Environment and 

TB_UserSessionInformation. Finally, the Session Context is represented by tables 

TB_Session and TB_UserSessionInformation. 
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4.7.2 PRODUCTION RULES 

The Modeller Agent uses production rules (located in the Contextual Repository) and an 

inference engine called JEOPS (Figueira Filho and Ramalho, 2000) to assign stereotypes to 

users (the stereotype classification is shown in Figure 4.7). In addition, it also decides the 

better feedback to give to students. 

Production rules are conditional IF-THEN branches and they are one of the approaches 

to knowledge representation (Russell and Norvig 2003; Davis et. al. 1977). Some of the 

benefits of IF-THEN rules are that they are modular, each defining a relatively small and, at 

least in principle, independent piece of knowledge. New rules may be added and old ones 

deleted usually independently of other rules. In a production system whenever a condition in 

the system is satisfied, the system is allowed to execute or perform a specific action which 

may be specified under that rule. If the rule is not fufilled, it may perform another action. This 

can be simply paraphrased: WHEN (condition) IS SATISFIED, PERFORM (action) (Russell 

and Norvig 2003).  

An example of a production rule used in SmartChat+ is shown in Figure 4.14. In this 

example, the condition is if the user has sent more than 10 percent of messages in general and 

more than 30 percent of their own messages are out of subject in discussion, the action to be 

executed is to classify that user as Remiss. 

 

 
Figure 4.14 - Example of Production Rule 

The core of a Production Rules System is an inference engine (in our case the JEOPS) 

that is able to scale to a large number of rules and facts. The inference engine matches facts, 

the data, against production rules to infer conclusions which result in actions. When rules are 

examined by the inference engine, actions are executed if the information supplied by the user 

satisfies the conditions in the rules. 
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4.7.3 THE DOMAIN ONTOLOGY 

At present, the employed Domain Ontology represents the domain of Object-

Orientation (Sintes 2002) and was defined in XML (Ray 2001) (see Figure 4.15) due to its 

seamless integration with Java and the easy representation of hierarchical data structures. The 

Contextual Repository and a part of the Domain Knowledge Base (e.g., the task and planning 

context) were also implemented in XML. However, in the prototype, there is a flag field that 

signals whether the information should be stored in a database too. It was done because to 

record the information in XML files can provide portability (e.g., to execute the prototype in a 

location without a database server), but storing them in a database makes it easier to query the 

stored data and to extract information to generate the LIM. 

 

 
Figure 4.15 - Domain Ontology 

4.7.4 THE LIM 

The LIM was modelled in a multidimensional schema (see Section 3.4.2) and, in our 

prototype, it was implemented using a data warehouse structure in the DBMS (Database 

Management System) Microsoft SQL Server 2005 (Microsoft, 2006). A data warehouse is a 
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database where data is collected for the purpose of being analysed and it has features that 

make its use suitable for creating the LIM. These features are (Inmon 1996; Kimball 1998):  

• Subject-oriented approach - depending on the dimension considered at each 

moment;  

• Integrated - the data, which can be extracted from various sources (in our case 

from models and the log file), is cleaned, transformed and modelled in order to 

allow its simple and efficient management; 

• Non-volatility - the data is read-only; and 

• Time variability - the data is organized in time periods, a fundamental 

characteristic that allows a temporal analysis.  

ETL (Extract, Transform, and Load) is the way that data actually gets loaded into the 

data warehouse (Kimball, 2002). Indeed, it is the process in data warehousing that involves 

extracting data from different sources, transforming it to fit needs and ultimately  loading it 

into the data warehouse.  The ETL process in our prototype is performed by the LIM 

Generator module.  

Moreover, data warehouses can be effectively used for online analysis, providing rapid 

responses to iterative complex analytical queries and presenting the data in a 

multidimensional way considering any combination of dimensions. 

4.7.5 ANALYTICAL QUERIES 

In our prototype, the analytical queries were implemented using OLAP (On-Line 

Analytical Process). OLAP is the technology that enables users or applications to efficiently 

access data modelled in a multidimensional schema, such as the LIM (Kimball et. al. 1998). 

OLAP services organize data from a data warehouse into multidimensional cubes with pre-

calculated summary information to provide answers to complex analytical queries. The 

dimensions are represented by the n-sides of a hypercubic structure, whose intersection 

identifies one or more corresponding measures. For example, for getting the quantity of tasks 

performed by a user in a year with the completed status, the dimensions that can be used are 

User, Task and Time (see Figure 4.16), and the measure qt_tasks, which will compose the 

structure of the cube. 

OLAP provides many benefits to analytical users, such as (Kimball et. al. 1998):  
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• An intuitive multidimensional data model makes it easier to select, navigate and 

explore data; 

• An analytical query language provides power to explore complex data 

relationships; and 

• The OLAP tools (Kimball et al. 1998, Inmon 1996) enable users to analyse 

different dimensions of multidimensional data. For example, it provides time 

series and trend analysis views. It can also incorporate data acquisition, data 

access, data manipulation, or any combination of these operations. 

 
Figure 4.16 - Visual metaphor for a data cube 

OLAP technology allows one to explore the LIM in different levels and dimensions 

(such as Time and User dimensions – see the multidimensional model used in Section 3.4.2) 

via operations such as (Kimball et al. 1998, Inmon 1997): 

• Slice and Dice, which allow the visualization of data from different perspectives 

with different levels of detail; 

• Drill-down, which allows to analyze the data present in an aggregate form with a 

high level of details (low granularity);  

• Roll-up, which allows to analyze the data present in a more generic way (more 

summarized view) with low level of details (high granularity); 

• The Rotation of dimensions (pivoting); and 

• The analysis of trend for sequential time periods. 

The information stored in the data warehouse can be used to generate reports for 

teachers and support them in evaluating and helping their students. Likewise, the chat 

environment can use such information to support learners’ reflection.  

Indeed, OLAP was designed to support intensive, complex, and ad-hoc queries in order 

to assist in the analysis of multidimensional data. Using OLAP we can do qualitative (“Which 
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are the subjects in which the students with low knowledge level have been done more 

questions during the discussion?”) and quantitative (“How many justifications has one 

question raised when the subject in discussion was Abstract Classes?”) analysis. 

The Report Generator module generates some reports to teachers and students using 

OLAP queries to explore the information stored in the LIM. To submit OLAP queries to the 

LIM, the Microsoft Analysis Sever Tool was used. The tool is integrated to the Microsoft 

SQL Server 2005 (Microsoft 2006) under the name SQL Server Business Intelligence 

Development Studio.  

Using this OLAP tool, it was possible to generate some configurable reports based on 

the historical information in the LIM for teachers and students. For example, the user 

criatronics could see only the information about his own beahaviour in the discussion session 

(Figure 4.17). But the teacher could see the information about all the students’ behaviour in 

the discussion session (Figure 4.18).  

In this kind of report, both users (students and teachers) could see data presented in a 

more generic way (more summarized view) or in an aggregated form with more details (e.g., 

applying the Drill-Down operation in the data of the Figure 4.18, it was possible to get the 

result in Figure 4.19). It is also possible to filter data by some specific values of one or more 

dimensions (see Figure 4.20). 
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Figure 4.17 - Student Report using the OLAP Tool 

 

 
Figure 4.18 - Teacher Report using the OLAP Tool 
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Figure 4.19 - Drill-Down Operation in the Teacher Report in Figure 4.18 

 

 
Figure 4.20 - Filtering Operation in the Teacher Report in Figure 4.18 

 

4.8 An Interaction Example  

To illustrate the prototype use and its relation to the Context-Based Analytical Process, 

this section presents an example of discussion using the SmartChat+. 
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Two students (aldrey and biel) and one teacher (sas) were invited to discuss about 

Object-Orientation using the SmartChat+. Aldrey and sas have already used the SmartChat+, 

so they have already answered the initial questionnaire. Consequently, they just have to select 

their location context (because it can change in each discussion session) in the login interface 

(Figure 4.2). Since, biel is using the environment for the first time, he has to answer the initial 

questionnaire, enabling the environment to acquire his individual context (Figure 4.3 and 

Figure 4.4). When biel logs in, he has already missed part of the discussion. Thus, he can 

access the message history (Figure 4.21) to know what the other users have discussed in his 

absence. 

While the users discuss in the environment, the Monitor Agent structures and 

contextualizes each interaction. For example, in Figure 4.22, the message “que tal falar sobre 

orientação a objetos?” will be submitted to a parser to identify the message abstraction (if the 

user did not have classified it). As the message has the words “que tal” (included in the 

keyword list of the parser), the message will be classified as Proposal. As this is the first 

message in the discussion session, it does not have any related message. 

To capture the context of this message, other parser will be used to identify the subject 

context. This parser makes a search in the Domain Ontology. As result, the subject was 

“orientação a objetos”. Information on the current session in the environment is taken to 

register the session context. The Monitor Agent captures the interaction context to start from 

the information in the user messages (e.g., addressee, sender, message text, used abstraction). 

After that, the classified and contextualized interaction is recorded in the Interaction Log. 
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Figure 4.21 - Message History of the Interaction Example 

 

 Periodically, the Modeller Agent classifies the user participation level in the 

discussion session and generates the appropriate on-line feedback for users (e.g., in Figure 

4.22 Capitu is an agent and she is trying to stimulate the discussion).  
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Figure 4.22 - Discussion using SmartChat+ 

 

 During the discussion, biel and aldrey, that are students, can access configurable 

reports (as the report in Figure 4.23) and conventional reports (as the report in Figure 4.24) 

about their own behaviour in the discussion sessions. This kind of information can help the 

students to reflect about their behaviour, to self-evaluate themselves and, maybe, to stimulate 

them to participate more activelly on the discussion. Sas is a teacher and she can access 

information about both students (c.f. Figure 4.25). This information can help her to guide and 

evaluate her students, mediating and encouraging their discussions. 

 
Figure 4.23 – OLAP Report generated for the user ALDREY 
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Figure 4.24 - Student Report showed to the user ALDREY 

 

 
Figure 4.25 - Teacher Report showed to the user SAS 
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4.9 Final Considerations 

In this Chapter, we have presented the SmartChat+ our prototype that implements the 

Context-Based Process described in the Chapter 3 for generating feedback for students and 

teachers. It was developed in an incremental way (attaching gradually new functionalities or 

modules to include a new phase of the Context-Based Process). SmartChat+ executes all the 

phases of the process and it was implemented using different technologies (e.g., Java, XML, 

RMI, production rules together with the inference engine called JEOPS, data warehouse and 

OLAP). This variety of technologies was one of the implementation challenges. 

The next chapter presents the SmartChat+ experimentation and discusses their results. 
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Chapter 5 – EXPLORATORY STUDIES AND RESULTS 

This chapter presents the initial exploratory studies carried out with the SmartChat and 

SmartChat+ and their obtained results. Thus, Section 5.1 summarises the general goal of the 

initial exploratory studies; Section 5.2 presents the methodology used to execute the 

exploratory studies; Sections 5.3, 5.4, 5.5 and 5.6 describe the four groups of exploratory 

studies performed. For each group, we present detailed information about goals, participants, 

procedures and specific results. Finally, Section 5.7 presents our final considerations. 

5.1 Main Goals 

The main goals of the exploratory studies were as follows: (1) to evaluate the usability10 

of the environment’s interface; (2) to verify the correctness of the automatic classification of 

the interactions (according to the Argumentation Model proposed by us); (3) to verify the 

correctness of the users classification (according to their participation in the discussion); (4) to 

verify the usefulness of the artifacts produced by the environment during the interaction 

analysis process  (according to the Context-Based Process described in the Chapter 3). 

5.2 Methodology 

Since SmartChat+ was developed in an incremental way (by gradually integrating new 

functionalities or modules to include a new stage of the Context-Based Process described in 

Chapter 3), the exploratory studies were performed in different development stages of the 

SmartChat+. Therefore, we performed a series of eighteen exploratory studies divided into 

four groups, each one with different goals (as mentioned in Section 5.1) and happening at a 

different development stage of the prototype: 

1. In the first group, the prototype was only a chat engine (SmartChat) and the goal 

was to test its usability; 

2. In the second group, the Agent Society was integrated to SmartChat, forming the 

SmartChat+ (Figure 4.1.). At that time, the Agent Society was carrying out just the 

first phase (Interactions Structuring) of the Context-Based Process (c.f. Chapter 3). 

                                                
10 Usability testing focuses on determining if the environment is easy to learn, satisfying to use and contains the 
functionality that the users desire (Preece et al. 2005, Shneiderman and Plaisant, 2003) 
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Thus, the goal was to test the use of the Argumentation Model abstractions and the 

quality of the generated Discussion Graph. Moreover the correctness of the 

Domain Ontology (at that time, it represented the domain “Intelligent Agents”) 

was verified together with the quality and usefulness of an initial feedback 

generation; 

3. In the third group, the SmartChat+ counted with the chat engine, the Agent Society 

(with the Monitor Agent, the Modeller Agent, the Domain Knowledge Base, the 

Interaction Log and the Contextual Repository), the LIM Generator and the LIM 

(see Figure 4.1). At that time, the SmartChat+ carried out the first (Interaction 

Structuring), second (Interaction Contextualizing) and third (Interaction Modelling 

and Storing) phases of the Context-Based Process for Interaction Analysis (c.f. 

Chapter 3). Additionally, the on-line feedback was improved based on the 

information contained in the Interaction Log and in the Contextual Repository. In 

this version of the prototype the Domain Ontology was changed to formalise the 

concepts pertaining to “Object-Orientation”. The goals of the exploratory studies 

in this group were to check whether the contextual information captured and used 

by the prototype was correct and whether the storage of the information at the LIM 

was done properly. Moreover, another goal was to assess the quality of the 

improved on-line feedback and of the statistical reports provided by the 

environment; and 

4. In the last group, the SmartChat+ was completed (all phases of the Context-Based 

Process for Interaction Analysis were implemented) and the goal was to verify the 

usefulness of the generated reports with users as well as their satisfaction with the 

prototype.  

In each group, several test sessions were carried out. In each of them, users (students 

and teachers) were invited to use the prototype for a period of 60 to 90 minutes, to discuss 

about the subject of the current class. In order to achieve the goals discussed above, the 

following techniques were used:. 

1. Interview - the interview is a technique for discovering facts and opinions held by 

systems’users. In this case, we had one interviewer speaking to one user at a time 

or to small groups. Because of the face-to-face nature of the interview, what is 

talked about can address directly the user's individual concerns. Mistakes and 

misunderstandings can be quickly identified and cleared up (Preece et al. 2005); 
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2. Questionnaire – it is an inexpensive way to gather data from a potentially large 

number of respondents to allow statistically analysis of the results. A well-

designed questionnaire that is used effectively can gather information on both the 

overall performance of the test system as well as information on specific 

components of the system and information about the user satisfaction with the 

system (Preece et. al. 2005);  

3. Direct Observation – it is the observation of users performing set tasks (in person) 

and cooperative evaluation. It involves an investigator (or more) viewing users as 

they work in a field study, and taking notes on the activity that takes place in order 

to prove a point, measure what they do and draw conclusions (often statistical) 

(Preece et. al. 2005). Direct observation allows the investigator to focus attention 

on specific areas of interest; 

4. Manual Analysis of the Interaction Log – it entails  opening the log file and 

analysing,  message by message, all the information into it (e.g., check what the 

most discussed subject was); 

5. Manual Analysis of the Contextual Repository  – it entails opening the Contextual 

Repository and checking the contextual information recorded in it, item by item; 

and 

6. Observation of the Server Console – since the system presents messages in the 

server console about all the operations that were executed by the system internal 

components (e.g. the agents), the observation of these messages could help to 

check the operations in course. 

 
All the exploratory studies and their results are described in details in the following four 

sections. 

5.3 First Group of Exploratory Studies 

In the first group of exploratory studies, only the chat engine (the SmartChat) was 

checked. At that point, the SmartChat was already recording an Interaction Log and was 

showing the abstractions of the Argumentation Model in the interface (but without performing 

any interaction structuring).  

In this group, two usability tests were performed in order to ensure communication via 

the chat interface. The initial interface of the prototype can be seen in Figure 5.1. It was 
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simple and similar to the other chat engines avalilable on the Internet. It has a message area 

(to see the sent messages), an area where the chosen message to answer appears (“Mensagem 

de Referência” area); a combobox to choose the Abstraction of the Argumentation Model 

(called “Ação”); a combobox to choose the addressee, an area to type the desired message, a 

button to send the message, a button to see the message history (in that time, that button 

shows the log file directly, without any format) and a status bar (to show some events to users 

– e.g., that she/he was connected). 

 
Figure 5.1 – First version of the SmartChat Interface 

 

The goals of the exploratory study carried out at this point were to assess the 

prototype’s usability and to verify: (1) the level of acceptance of the interface and (2) the level 

of usage of the Argumentation Model’s abstractions. 

For this experiment, ten students (two undergraduate students and eight graduated 

students) were invited to participate in two discussion sessions about Intelligent Agents 

(subject in the Domain Ontology) using SmartChat. The sole criterion for participation was 

that participants should have some knowledge about Intelligent Agents. A teacher of an 

Intelligent Agent course was also invited to participate of these discussion sessions.  
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5.3.1 PROCEDURE 

In this group of exploratory studies, we have carried out two discussion sessions over a 

two-week period (one per week). In each session, the participants, all in the same laboratory 

(at UFPE - Universidade Federal de Pernambuco), interacted during one hour to discuss about 

Intelligent Agents. 

Before starting the experiment, the goal of the test was explained and the use of the 

abstractions of the Argumentation Model (e.g. “Fala”, “Propoe”, “Pergunta”, “Argumenta”, 

“Justifica”) was encouraged (see combobox “Ação” in Figure 5.1). After that, the participants 

could test all the functionalities of the environment and assess its weaknesses and streghts. 

To check the environment usability and the users acceptance of the interface, during the 

discussion, a person has observed users as they worked and has taken notes on the activity 

that took place in order to evaluate what they did (Direct Observation). At the end of the 

discussion session, the same observer has interviewed all the users (one by one) about the 

system usability and the usage of the abstractions of the Argumentation Model (the questions 

of the interview can be seen in  Appendix B). All answers were registered to be considered a 

posteriori, in order to improve the prototype.  

5.3.2 RESULTS 

To assess the environment usability, the notes acquired by Direct Observation and the 

answers of the interviews were analysed. Thus, it was observed that the system has partially 

fulfilled the initial expectations. All participants commented that the system was fairly easy to 

use. However, they suggested some interface improvements (e.g., possibility of font 

configuration and message colours, an easier way to see the list of logged users and the 

possibility of using emoticons11).  

The participants liked the opportunity of seeing the message history (button “Ver 

Histórico Msgs” in Figure 5.1), but they complained about the presentation format of the log 

information (the system was calling an editor and was presenting a TXT file content). Indeed, 

the log being recorded was shown without a good organisation and presentation format, 

giving a hard time for users that wish to observe the interactions during the discussions. 

                                                
11 An emoticon, also called a smiley, is a sequence of ordinary printable characters, such as ":)" or a small 

image �, intended to represent a human facial expression and convey an emotion.  (source: 
http://en.wikipedia.org/wiki/Emoticon) 
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 To check the level of usage of the Argumentation Model abstractions, the Interaction 

Log (where the choosen abstractions were recorded) was manually analysed. It was observed 

that about 60% of the participants have used some abstraction of the Argumentation Model to 

classify the interactions. The users who have not used the abstractions have justified their 

behaviour mentioning one of the following reasons: they thought it was hard to decide what 

abstraction to use;  they found it difficult to see where this function was in the interface; they 

had not understood the necessity of classification. These results showed that in order to make  

the interaction structuring possible, an automatic message classification mechanisms was 

really needed.  

All these remarks were registred and taken into account during the implementation of 

the next version of SmartChat. 

5.4 Second Group of Exploratory Studies 

In the second group of exploratory studies, the prototype was performing just the first 

phase of the Context-Based Process (Interactions Structuring), presented in Section 3.2. 

However, as in the previous exploratory studies, it was observed that some users do not 

classify their utterances. This new version of the prototype included an automatic 

classification of the interactions (according to the Argumentation Model and a group of 

keywords to represent each abstraction of the model).  

In this version of the prototype the Domain Ontology was included (at that time, it 

represented the domain subject “Intelligent Agents”) to identify the subject been discussed by 

the users. The automatic classification of users into stereotypes (e.g. Remiss, Agreer) 

according to their participation level in the discussion was also included. 

The prototype was already giving some on-line feedback (it gave some motivational 

messages depending on the user classification) and generating simple statistical reports (one 

to the student and one to the teacher) at the end of the discussion session. The student 

statistical report was individual and showed hishe/her own performance in the discussion 

(e.g., the most discussed subject by him/her, how many messages she/he has sent); and the 

teacher statistical report has information about the students and the discussion at all (e.g., both 

the most difficult and most discussed subjects; indication of the smarter learners in each 

subject, so that they can be used as peer tutors for students having difficulties, and a list of 

apathetic students who need to be motivated). The teacher report was also recorded.  
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Finally, in this new version of the prototype all suggestions about the interface usability 

and design, given by the users during the previous exploratory studies were considered. Thus, 

the interface layout was changed to the one shown in Figure 5.2. 

 

Figure 5.2- Second Version of SmartChat Interface 

 

Considering the new version of the prototype, the goals of this exploratory study were 

to verify: 

1. The correctness of the automatic classification of the interactions (according to the 

Argumentation Model); 

2. The correctness of the Discussion Graph generated by the environment; 

3. The correctness of the automatic classification of the users (according to their 

participation level in the discussion); 

4. If the Domain Ontology has a good representation; 

5. The level of acceptance of the initial on-line feedback;  

6. The level of acceptance and the correctness of the statistical reports produced; 

7. The user satisfaction with the new environment interface. 

 

To perform the test, the same ten students of the previous experiment were invited to 

participate in four discussion sessions about Intelligent Agents using the environment. It was 
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important to invite the same students, so that they could observe the changes in the 

environment interface. A teacher of an Intelligent Agent course was also invited to participate 

of these discussion sessions.  

With regards to the discussion session (Intelligent Agents), 80%of the users had already 

attended a course about it and the others have just some knowledge about some basic 

concepts. 

5.4.1 PROCEDURE 

In this group of exploratory studies, we have carried out four sessions of discussion in a 

two-week period (two per week). In each session, the participants, all in the same laboratory 

(at UFPE - Universidade Federal de Pernambuco), discussed about Intelligent Agents for 90 

minutes. 

Before starting the experiment, once more the goal of the test was explained and the use 

of the abstraction of the Argumentation Model was encouraged. After that, the participants 

could test all the functionalities of the environment and observe its weaknesses and strengths. 

To verify the goals one to four, a first observer has monitored the information produced 

at the server console to check the creation of the Discussion Graph as well as the process of 

user classification. Furthermore, at the end of the discussion session, that observer has 

analysed manually the Interaction Log12, in order to check the interaction classification and 

the use of the Domain Ontology.  

To check the goals five to seven, during the discussion two others observers have 

observed users as they worked and took notes about the activity that took place in order to 

measure what they did (Direct Observation). At the end of the discussion, the users were 

asked to fill in an usability evaluation questionnaire (see Appendix C) about the environment. 

Subsequently, the answers of the questionnaire were analysed by all the observers. 

5.4.2 RESULTS 

By analysing the information produced at the server console, we found that 92% of the 

participants were correclty classified according to their participation level in the discussion 

session. The Discussion Graph was generated correctly, according to the interaction 

                                                
12 There is in the Interaction Log, among other information, the classification of the message (e.g. Question, 
Answer, Proposal) and the subject related to each message (discovered using a parser and the Domain 
Ontology). 
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classification and the Argumentation Model. Moreover, through the analysis of the 

information produced at the server console, it was possible to observe that only 58% of the 

participants have used the abstraction of the Argumentation Model to classify the interactions. 

However, all messages were classified because the automatic classification of the interactions. 

Some users that have used the interaction classification have mentioned that they have missed 

words such as Exemplify, Agree with, Disagree with and Discuss. However, these words are 

considered in our Argumentation Model: Exemplify is included in the abstraction 

Justification, Agree and Disagree with somebody are included in the abstraction Argument 

and Discuss is too much generic to be classified. To treat many words in the Argumentation 

Model could become confusing and could make it difficult to perform the automatic 

interaction classification. 

To check the correctness of the automatic classification of the interactions (according to 

the Argumentation Model) performed by a parser in the prototype, the Interaction Log was 

analysed. Thus, it was possible to observe that 28% of messages had obtained a wrong 

classification. These results brought to light the necessity of including more keywords (and 

their variations) to represent each abstraction of the Argumentation Model. 

The analysis of the Interaction Log has also showed that the domain ontology needed 

refinements to support word variations used in the discussion (e.g. plurals, abbreviations, 

marks and synonyms). The lack of these variations caused the wrong subject identification of 

42% of the interactions. 

To check the environment’s usability and the level of acceptance of the initial on-line 

feedback and statistical reports the answers of the usability evaluation questionnaire were 

analysed. Thus, it was noticed that all participants have liked the changes in the environment 

interface. They have written that this new version is better than previous one and easier to use.  

However, some users have suggested more interface improvements (e.g. to highlight in the 

user message area the messages in private for him/her).  

The participants have liked the initial statistical reports but they proposed that the report 

generated should be improved to offer more information and statistics about the chat. This is 

done with the implementation of the last phase of the Context-Based Process for Interaction 

Analysis. 

In relation to the on-line feedback produced, the users have suggested that it could 

indicate references to the subjects that participants have presented some difficulty in 
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discussing. They have also complained about the frequency of the feedback messages 

(feedback messages took a long time to appear). Indeed, in this version of the prototype, there 

was a problem with the feedback generation: the larger the number of participants, the shorter 

the time between each feedback message (increasing the number of feedback messages); the 

fewer the participants, the slower the feedback was (reducing the number of messages). It has 

happened because the user classification and feedback generation was performed by the sytem 

to each ten messages sent by users. This number of messages is easier reached when there are 

many users in the discussion session. 

All these observations were recorded and they were taken into account during the 

implementation of the next version of the prototype. 

5.5 Third Group of Exploratory Studies 

In the third group of exploratory studies, new elements to perform the second 

(Interaction Contextualizing) and third (Interaction Modelling and Storing) phases of the 

Context-Based Process (Chapter 3) were included in the prototype.  

To capture explicit information on the user’s individual context (e.g. preferences, age 

group, user location), an initial questionnaire was included in the prototype (see Section 

4.2.1). The implicit information on the user individual context (e.g. user participation level 

and access frequency), was calculated by the environment’s agents. Other contextual 

information (see different contexts of Table 3.1) was captured and stored in the Contextual 

Repository.  

In this group of exploratory studies, the planning context and some fixed values were 

attributed to the environment (see Table 5.1), activity (see Erro! Fonte de referência não 

encontrada.) and group (see Erro! Fonte de referência não encontrada.) contexts. 

The information of the subject context is represented by the Domain Ontology.  In this 

version of the prototype, the Domain Ontology was changed to Object-Orientation because 

this subject should allow a larger group of users to access the environment (considering this 

subject more widespread than Intelligent Agents). In addition, the format of the Domain 

Ontology was completely changed to support and acknowledge word variations used in the 

discussion (e.g. plurals, abbreviations, marks and synonyms). Also, an indication of reference 

(e.g. book or link), the difficulty level of the subject and the subject pre-requirement where 

attached to each subject in the Domain Ontology. 
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Table 5.1 - Fixed Values fot the Environment Context 

Contextual Elements Fixed Values 
Used Tool SmartChat 

 

Table 5.2 - Fixed Values fot the Activity Context 

Contextual Elements Fixed Values 
Name  Discuss 
Description Discussion of a specific subject indicated by the teacher 
Pre-Conditions None 
Goal Improve the knowledgement 
Constraints None 
Difficulty Level Medium 
Deadline Not specified 
Status In Progress 

Table 5.3 - Fixed Values fot the Group Context 

Contextual Elements Fixed Values 
Name  SmartGroup 
Group Manager Sandra Siebra 
Goal Discuss a subject 

 
 

The LIM and the LIM Generator Module were integrated to the prototype. Thus, at the 

end of each discussion session the LIM Generator Module loads the LIM with new 

information about previous discussion session. 

The environment interface was improved resulting in the interface layout shown in 

Figure 5.3. The message history (“Histórico Msgs” button) was divided by discussion session 

and the information was organized in a table (as can be seen in Figure 5.4). 

A new performance button (“Desempenho”) was included to show the user’s level and 

quality of participation in the discussion session as statistical reports (they were showed in a 

graphical version). similarly, a report button (“Relatório”) was also included, but during this 

experiment, it was not active. 

Finally, the on-line feedback was improved based on the information in the Contextual 

Repository and the Interaction Log, together with information infered using the JEOPS 

inference engine (see Section 4.4). Using rules, the environment could identify collaboration 

opportunities (indicating someone to help you if you are in trouble), recommend references 

(books or links registered in the ontology to each subject in it) or give some motivation 

message. 
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Figure 5.3 - Final SmartChat Interface 

 

Figure 5.4 - Message History 
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In this group of exploratory studies some tests were performed to verify:  

1. The correctness of the automatic classification of the interactions (according to the 

Argumentation Model) – some keywords were added to the parser. 

2. The correctness of the contextual information captured; 

3. The representation of the new domain ontology, as well as its new format (i.e, 

identifying synonyms or abbreviations); 

4. The correct LIM generation; 

5. The level of acceptance of the message history new visualization; and 

6. The correctness and the level of acceptance  of the generated on-line feedback. 

 

To perform the test, between 20 and 28 undergraduated students were invited to 

participate of ten discussion sessions about Object-Orientation using the SmartChat+. Three 

teachers of Object-Orientation courses were also invited to participate in these discussion 

sessions.  

Most of the participants were attending the course of one of the invited teachers. To the 

participants that were not related to the teachers’ classes, the requirement to participate of the 

experiment was to have some knowledge on Object-Orientation.  

5.5.1 PROCEDURE 

In this group of exploratory studies, we carried out ten discussion sessions, during the 

period of one month. Eight sessions were performed without the presence of any teacher and 

two sessions with, at least, the presence of one teacher.  

In each session, the number of participants has varied between 20 and 28. All the 

participants were allocated in the same laboratory (at FIR - Faculdade Integrada do Recife) 

and each session always lasted for about 90 minutes.  

Before starting the experiment, once more the goal of the test was explained and the use 

of the Argumentation Model abstraction was encouraged. The participants were asked to be 

honest in the answers to the initial questionnaire and to use all the functionalities of the 

environment (e.g. feedback, reports, message history). After that, the participants could 

interact without any interference. 
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To verify the correctness of the contextual information captured, the information in the 

Contextual Repository and in the Interaction Log was manually analysed, observing item by 

item each piece of  information recorded. 

To verify the information stored in the LIM, the multidimensional database was queried 

and the query results compared, manually, with the information in the environments’ 

repositories (Contextual Repository, Interaction Log and Domain Knowledge Base). 

Finally, to verify the level of acceptance of the new visualization of the message history 

and the feedback and reports generated, at the end of the discussion, the users were asked to 

fill in an evaluation questionnaire (see Appendix D) about the environment. Subsequently, the 

answers of the questionnaire were analysed by some researches and the results used to 

improve the prototype and the generated feedback, and to guide in the creation of the new 

reports. 

5.5.2 RESULTS 

To verify the correctness of the automatic classification of the interactions (according to 

the Argumentation Model) performed by a parser in the prototype, the Interaction Log was 

analysed. Thus, it was possible to observe that just 12% (as opposed to 28% in the last group 

of exploratory studies) of messages had obtained a wrong classification. It has showed that the 

inclusion of new keywords (and their variations) in the parser responsible for the automatic 

classification was useful. However, some problems have persisted because  some keywords  

have dubious interpretations. For example, the word “como” can be used in the sense of 

question (e.g. “como funciona o mecanismo de herança?”) or in a sense of comparison (e.g. 

“ele estuda como o pai dele estudava). Reaching a better interaction classification was very 

important to perform the interaction structuring (the first phase of the Context-Based Process, 

c.f. Section 3.2) and the generation of a Discussion Graph. 

Concerning the contextual information, the Interaction Log and the Contextual 

Repository were analysed. Some points to consider are: 

• The individual context of the users was filled in correctly, according to the 

information on the initial questionnaire;  

• The subject context was represented by the Domain Ontology. By checking the 

Interaction Log manually, it could be seen that the usage of the new Domain 

Ontology gave support to the correct identification of the messages’subject context. 
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In the tests, only 5 to 10% of the subject of the interactions could not be identified. 

This is a great achievement, since that percentage was 42% in the last group of 

exploratory studies. This improvement was possible because word variations (e.g. 

synonyms, abbreviations, marks and the radical of the words) were included in the 

Domain Ontology; and  

• The interaction context was captured by the automatic classification of the 

messages. 

It was possible to confirm that the multidimensional model of the LIM was correctly 

filled in through the execution of queries in the multidimensional database in order to 

compare the results of the queries with the information stored in the repositories. All the 

comparison was done manually, checking line to line of the registers. 

To verify the level of acceptance of the system usability, message history’s new format, 

on-line feedback and the initial statistical reports the answers of the evaluation questionnaire 

(c.f. Appendix D) were analysed.  

Almost all the participants have remarked that the chat was enjoyable, since the tool 

was easy to use and provided just-in-time feedback. They have suggested almost no interface 

improvements. Just one user have not liked the chat. He has said that he would like to see the 

chat in a web interface. 

The users have expressed their satisfaction with the new visualization of the message 

history (see Figure 4.5) and have mentioned that this resourse can be useful when they lose a 

sequence of messages (e.g. when they go to the bathroom or answer a phone call). They have 

suggested to include in the message history the possibility of choose the sender or addressee 

of the messages that appear in it. 

With respect to the on-line feedback, most of the users have liked it. They have said in 

the questionnaire that this resourse has potencial to stimulate the discussion and help to keep 

the discussion focus. Among the users that have not liked the reasons were one of the 

following: 

• They have not understood the feedback (e.g. they tried to answer the Agent’s 

message and the system has not allowed them); and 

• They have thought the feedback inconvenient. 
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With respect to the statistical reports, the participants (students and teachers) have 

suggested that they should be improved to offer more information about the chat discussion in 

order to help the participants in their self-evaluation. They pointed out that a more detailed 

report, including historical information and tips on how to improve one’s participation in the 

collaborative dialogue would be useful. This would be possible with the implementation of 

the fourth phase of the Context-Based Process (next version of the prototype) and the 

exploration of the LIM. 

An interesting point observed in the Interaction Log was that students became shyer and 

quieter when a teacher was present in the discussion session. 

5.6 Fourth Group of Exploratory Studies 

In the last group of exploratory studies, the SmartChat+ was completely implemented 

(all the phases of our Context-Based Process were included). In other words, the interactions 

were been structured, contextualized, modelled, stored in the LIM and explored using OLAP 

to generate more complete and configurable reports.  

No modification was done to the prototype’s interface, the domain ontology, parser or 

contextual information. Only the generation of more complete reports to students and teachers 

was included. 

The goal of this experiment was to test the acceptance by the users and the correctness 

of new generated reports. To perform this last experiment, some participants of the previous 

exploratory study (about 20 undergraduated students and two teachers) were invited to 

participate of two sessions of discussion. The subject discussed was the same (Object-

Orientation).  

5.6.1 PROCEDURE 

In this group of exploratory studies, we have carried out two sessions of discussion in 

one week. All of them with students and teachers present in the chat session. In each session, 

there were 20 participants. All participants were allocated in the same laboratory (at the FIR - 

Faculdade Integrada do Recife) and each session lasted for about one hour.  

Before starting the experiment, the participants were asked to access the reports during 

and in the end of the discussion session in order to be able to analyse and criticise them in the 

questionnaire. 
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At the end of the discussion session, both the teachers and the students were asked to fill 

in a feedback evaluation questionnaire (see Appendix E and Appendix F) with questions 

focusing the generated reports. 

5.6.2 RESULTS 

To verify the level of acceptance of the new format of reports the answers of the 

feedback evaluation questionnaire were analysed by two observers.  

With respect to the students, concerning the generated reports, out of the twenty users: 

• twelve have liked the generated report. They have mentioned that the reports can 

help themselves in the self-evaluation process. They have commented that it was 

interesting to have the possibility of seeing their behaviour in the chat compared to 

other users (the most and least participative user);  

• five have thought that the reports are not so good because they had expected more 

information about other users and about themselves. But they have not specified 

what information they would like to see;  

• two have thought the reports are horrible but they have not specified their answers; 

and  

• one has not answered most of the questions. 

Among these students, with respect to the quantity of reports, eight users have 

considered it enough and the others have considered it insufficient, whishing that there were 

more reports. This is due to the fact that it was not possible to generate a large variety of 

reports in the context of this work. However, considering that all the interactions and their 

contextual information are stored in the LIM, new queries can be created at any time.  

Students have thought the OLAP report exotic (using the words in the questionnaire) 

but interesting because they offer the opportunity to the students themselves to configure what 

they want to see. Just three students have thought the OLAP interface confusing. 

Some students have still classified the on-line feedback as intrusive. Thus, the 

possibility of turning this resourse off will be implemented in a next version of the prototype. 

With respect to the teachers, they have liked the reports and have mentioned that the 

reports could be useful to keep up with the students behaviour in the discussion sessions.  The 

information in the reports could help them to choose the better way to guide the users and 
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give them some feedback to them. They have also mentioned that they don’t know other chat 

that offer such kind of reports. 

Concerning the OLAP reports, they have liked them too and they have mentioned in the 

questionnaire that they thought interesting the possibility of choosing the information 

according to their focus of interest.  

Moreover, the teachers have suggested some new report: information about a group or 

individuals (e.g. email, interests and knowledge level), student’s location when interacting in 

the discussion session and historical evolution of the user classification. The teachers have 

also asked to include the possibility of saving the reports in PDF format in the system. 

5.7 Discussion 

All the exploratory studies (with their settings, goals and results) are summarized in 

Table 5.1. It is important to observe that the analytical queries have made easier to explore the 

contextualised historical information stored in the LIM to generate reports for students and 

teachers. Moreover, the contextual information acquired has helped to generate more 

complete reports and more qualitative feedback (e.g., indicating the classification of the user 

according to the participation level). 

The obtained comments from users (through interview and questionnaire) have 

indicated the usefulness of the generated reports (which contain the answers to the questions 

listed in section 3.5.1) and feedback. Indeed, most of the students have accessed the reports 

and they have written in the questionnaire that they liked both to have a way to get 

information about their behaviour in the discussion as well as to have some way to compare 

their behaviour with others. Similarly, teachers have considered it really useful to have more 

information about their students and to have the possibility of accessing summarised reports 

about the student’s behaviour in the discussion sessions. They have indicated in the 

questionnaires that these reports could help them in assessing and observing the students 

interaction and individual progress. 
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Table 5.4 - A Summary of the Exploratory Studies 

Exploratory Studies 1º Group 2º Group 3º Group 4º Group 
Number of Students 10 10 20 a 28 20 
Number of Teachers 1 1 0 a 3 2 

Quantity of Discussion Sessions 2 4 10 2 
Session Duration 60 minutes 90 minutes 90 minutes 60 minutes 

Interface Usability X X   
Message History 
Visualization 

X  X  

Acceptance of the 
Argumentation Model 
Abstractions 

X X   

Automatic Classification 
of the Interactions 

 X X  

User Classification  X X  
Domain Ontology 
Representation 

 X X  

Correctness of the 
Contextual Information 
Captured 

  X  

LIM Generation   X  
Acceptance of the On-Line 
Feedback 

 X X X 

G
oa

ls
 o

f t
he

 E
xp

lo
ra

to
ry

 S
tu

di
es

 

Acceptance and 
Correctness of the 
Generated Reports 

 X X X 

Direct Observation of the 
Users 

X X   

Manual Analysis of the 
Interaction Log 

X X X  

Manual Analysis of the 
Contextual Repository 

  X  

Queries to the LIM   X  
Observation of the Server 
Console 

 X X  

Interview X    A
do

pt
ed

 E
va

lu
at

io
n 

Te
ch

ni
qu

es
 

Questionnaire  X X X 
Changes in the User 
Interface 

Yes, many 
changes. 

Few No No 

Usage Level of the 
Argumentation Model 
Abstractions 

60% of the 
users 

58% of the 
users 

------ ------ 

Identification of the 
Subject Context using the 
Domain Ontology 

------ 58% of 
correctness 

90% of 
correctness 

------ 

Message History 
Visualization 

Bad 
Acceptance 

------ Good 
Acceptance 

Good 
Acceptance 

Automatic Interaction 
Classification 

------ 72% of 
correctness 

88% of 
correctness 

----- 

User Classification ------- 92% of 
correctness 

91% of 
correctness 

----- 

Contextual Information ------- ------ Information 
captured and 

stored correctly 

----- 

 Information Stored in the 
LIM 

------ ------- Information 
modelled and 

stored correctly 

----- 

Acceptance of the On-Line 
Feedback 

------- Several 
suggestions 
and critiques 

Good 
acceptance and 

few critiques 

Good 
acceptance 
and some 

suggestions 

R
es

ul
ts

 

Acceptance of 
theGenerated Reports 

------- Poor reports Good 
Acceptance and 

Good 
Acceptance 
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suggestions of 
new reports 

5.8 Final Considerations 

This chapter has presented the exploratory studies performed with the SmartChat+, a 

prototype of a Context-Based Analytical Environment for Interaction Analysis. The 

experimentation was divided into four groups according to the evolution of the prototype 

(each group has the addition of a new phase of the Context-Based Process for Interaction 

Analysis described in Chapter 3). In each experiment, a few discussion sessions were carried 

out and the goal, participants, procedure and results of each of them were presented. The 

results of each group of exploratory studies have helped to improve the prototype. In general, 

the results have indicated that the Context-Based Process for Interaction Analysis is feasible:  

• all the phases of the process could be implemented; 

• all interaction could be structured (by the users or by the automatic classification 

performed by the Monitor Agent) using the proposed Argumentation Model; 

• the contextual information was acquired correctly and they have helped to generate 

more complete reports and more qualitative feedback  (e.g. indicating the 

classification of the user according to the participation level); 

• the analytical queries have made easier to explore the contextualized historical 

information stored in the LIM; 

• the prototype had a good acceptance13 level by the users in all the exploratory 

studies; 

• the obtained comments from users (through interview and questionnaire) have 

emphasised the usefulness of the generated reports and feedback. Indeed, most of 

the students have accessed the reports and they have written in the questionnaire that 

they liked both to have a way to get information about their behaviour in the 

discussion as well as to have some way to compare their behaviour to others. In the 

same way, teachers have considered really useful to have more information on their 

students and to have the possibility of seeing some summarised reports about the 

student’s behaviour in the discussion sessions. They have written in the 

questionnaire that these reports could help them in assessing and observing the 

students interaction and individual progress. 

                                                
13 In general, the users have used the prototype without problems or difficulties and most of them have expressed 
in the interviews and questionnaires that they have liked SmartChat+. 
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Next chapter presents the conclusions of this thesis and indicates some future work. 
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Chapter 6 – CONCLUSION AND FURTHER WORK 

Past research (e.g. Vieira 2004; Dillenbourg 2005; Soller et al. 2005; Lonchamp 2006) 

has shown that students learn more effectively in groups, they encourage each other by 

asking, answering, reasoning, explaining, justifying their opinions and reflecting about what is 

being discussed. Thus, the interaction becomes a key element to understand the process of 

building knowledge and the role of each student in the learning process. In this scenario, the 

interaction analysis can produce resources for the system to support individual (students and 

teachers) and group needs as well as to better assess their behavior, attitudes, knowledge level 

and difficulties. 

In this light, this thesis has presented a Context-Based Process for Interaction Analysis 

in CSCLE as well as its underlying theoretical foundations. This Context-Based Process uses 

our argumentation model to categorise and structure the group interactions as a means to 

make explicit the intention of the messages and the relations among them. In the second phase 

of the process, contextual information is added to each structured interaction in order to 

provide the correct cues, giving the right interpretation to it. Subsequently, the contextualized 

interactions are modelled and stored in a multidimensional repository, the LIM (Learning 

Interaction Memory). Finally, the LIM is explored (by users or CSCLE) using analytical 

queries to support students and teachers as well as to generate many kinds of feedback 

reports. 

The implementation and experimentation of an intelligent environment for collaborative 

discussions called SmartChat+ was also described. This implementation has allowed us to 

evaluate the process and the constructed artifacts (e.g., discussion graph, interaction log, 

contextual repository and multidimensional model). Moreover, the results of the 

experimentation were discussed, indicating the feasibility of the proposed process and its 

potential to support effective learning. 

Therefore, Section 6.1 summarises the contributions of this work. Section 6.2 presents 

some found difficulties, Section 6.3 indicates further work and, finally, Section 6.4 presents 

some final considerations. 
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6.1 Contributions 

Most modern CSCLE are still lacking effective support for students’ and teachers’ 

needs and the reflection process. Our work has managed to fill in some of these gaps, by 

proposing a Context-Based Process for Interaction Analysis. The idea was to support both 

students and teachers via the exploration of a Learning Interaction Memory (LIM). One 

advantage of our approach is to consider the context where the interactions occur, creating a 

Learning Interaction Memory with contextualized historical information about discussion 

sessions, in order to generate feedback for both students and teachers. This is an advantage 

because, in many cases, only the context can provide the full understanding of many 

interactions, actions or events and the correct cues to allow the correct analysis of the 

interactions, in order to better support user reflection and to provide adequate feedback.  

The other contributions are summarized below: 

• The artifacts produced by the Context-Based Process for Interaction Analysis:  

o the Argumentation Model,  

o the Conceptual Framework for User Interaction Analysis Context,  

o the Learning Interaction Memory Model,  

o the Analytical Queries generating reports for supporting students and 

teachers; 

• The SmartChat+ architecture for implementing the defined process. 

 Another result stemming from this work is the prototype of a context-based 

environment for interaction analysis called SmartChat+ that uses the specified process.  

In order to clarify how SmartChat+ compares to other similar works, we included it in 

Table 2.1. (c.f. Erro! Fonte de referência não encontrada.) SmartChat+ categorises all the 

interactions in a synchronous environment using our Argumentation Model. It has the 

advantage of performing automatic categorization in order to guarantee that all messages will 

be categorised. SmartChat+ has an Interaction Log which can be stored in XML files or/and a 

database, according to a configuration parameter.  
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Table 6.1 - Comparative Analysis of CSCLE with focus on communication including SmartChat+ 

 Environments 
 
Criteria 

AulaNet Comet COLER BetterBlether Dialab OXEnTchê 
Chat 

 
SmartChat + 

Purpose To create, distribute 
and administrate 
Web-based courses 

To teach how to 
work together on 
software design 
problems 

To solve database-
modelling problems 

To discuss on any 
topic 

To teach 
argument and 
critical thinking 

To discuss on 
topics configured in 
an ontology 

To discuss on 
topics configured 
in an ontology 

Record of the 
interaction log 

Yes Yes Yes Yes.  No.  Yes.  Yes 

Technique employed 
for organizing the 
interaction 

Message 
categorization is just 
implemented in the 
Discussion Group 
and Interest Group. 
The teacher defines 
which categories will 
be made available 
for the participants. 

Sentence 
openers 

No structure, only a 
chat facility. 

Sentence openers Dialogue games Sentence openers All Messages are 
categorizing using 
an Argumentation 
Model. To 
guarantee that all 
messages will be 
categorised, the 
system uses an 
automatic 
categorization 
process 

Technique employed 
in the interaction 
analysis 

No automated 
analysis is provided 

Uses Hidden 
Markov Model. 

The coach uses 
Decision Trees in 
order to decide how 
to present feedback. 
But it is not clear 
how the analysis is 
done. 

No automated 
analysis is 
provided 

Win-lose rules Neural Networks Analytical queries 
in the LIM 

Intervention Type Mirroring Monitoring Advising Mirroring Monitoring Advising Advising 
Feedback for the 
teacher or the 
student 

Supplies reports that 
group messages by 
category about the 
categorization in the 
asynchronous 
communication tools 

Advise students 
about how to 
better 
collaborate. 

A personal coach 
encourages 
students to discuss 
and participate 
during collaborative 
problem solving. 

No feedback is 
provided. 

No feedback is 
provided. 

Provides reports for 
students and 
teachers with some 
limited quantitative 
information. 

Provides reports 
for students and 
teachers with 
qualitative and 
quantitative 
information.  

Interface usability of 
the chat tool. 

It is quite simples. It is not very easy 
to use. The 
screen is 
overloaded with 
information. 

It is very simple. It is not very easy 
to use. The 
screen is 
overloaded with 
information. 

It is quite confuse 
and it is restrict to 
two users. 

It presents a similar 
structure to other 
chats found on the 
Internet 

It presents a 
similar structure to 
other chats found 
on the Internet 
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Record of a complete 
dialogue history 

Yes, but just for 
asynchronous 
messages. 

Yes, but it is not 
clear where this 
information is 
stored. 

It is not clear in the 
papers. 

No. No. Partially. All the 
interaction logs are 
stored in differerent 
directories created 
by date. 

Yes. It is created 
as a Learning 
Interaction 
Memory 

Explicitly taking into 
account the  
interaction’s context 

No No No No No No Yes. Ten 
categories of 
context are 
considered: 
Individual, Group, 
Subject, Task, 
Interaction, 
Location, 
Environment, 
Planning, Session 
and Historical 
contexts. 
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SmartChat+ uses analytical queries (implemented using SQL queries and an OLAP tool 

to explore the LIM) for the interaction analysis. Moreeover, it generates many kinds of 

feedback for students and teachers (many systems only generate feedback for one of them). 

Below we discuss all types of produced feedback: 

• An on-line feedback based on the information in the internal repositories of the 

system (e.g., Interaction Log, Contextual Repository and Domain Knowledge 

Base).  This on-line feedback is produced by an Agent Society, and appears in the 

sent-messages area of each user. It includes messages to stimulate the discussion, 

to suggest references related to the subject being discussed and to name another 

chat user that may collaborate with the user having difficulties; 

• Feedback reports that are generated based on the information in the LIM, using 

default SQL queries. These reports contain statistics about some points of the 

discussion (e.g., the most and least discussed subject and the participation level of 

each student in each discussion session); and 

• Configurable reports that are generated based on the information in the LIM, using 

an OLAP tool. These reports are configurable allowing the users to explore the 

information according to their needs and the desired context. They also can choose 

the desired information depth. 

 
 The interface of the SmartChat+ is simple. It presents a similar structure to other chats 

found on the Internet and according to the obtained results in the exploratory studies the users 

did not have problems in using it. The dialogue history is recorded in the Learning Interaction 

Memory, which provides a common reference to previous discussions and the context where 

they happened. Finally, looking at Erro! Fonte de referência não encontrada., SmartChat+ 

is the only one that takes the interaction context explicitly into account. 

6.2 Limitations 

 During the development of this work, some limitations were found. Below, we discuss 

each of them in details.  

 First, although the Context-Based Process for Interaction Analysis had been defined to 

CSCLE, in the prototype implementation a CSCLE was not used, in order to simplify matters. 

Instead, we have used a tool for synchronous communication among users.  
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 The prototype did not consider the planning context (because this context should be 

captured in the Domain Knowledge Base of the CSCLE which has information such as 

learning strategies and course planning). The parameter values of group and task contexts 

were fixed. The environment context was also fixed because all the users could only use the 

SmartChat as their communication tool. 

 The number of generated reports is still small. However, the model of the LIM was 

defined and the module to load it was developed. Thus, new reports and queries can be easily 

constructed in the future.  

6.3 Further Work 

 Further work relates to improving the prototype and to better experimenting it. In 

order to do that, it will be necessary to: 

• Develop a tool to allow the teacher to set the values of some contextual dimensions 

(e.g., group and task); 

• Construct a tool to allow teachers to define the domain ontology; 

• Define a communication interface to integrate the SmartChat+ to other environments 

(e.g. CSCLE); 

• Better explore the analytical queries and the information stored in the LIM. For 

example, constructing more report templates using analytical queries; 

• Test the Context-Based Process in the analysis of asynchronous messages and adapt 

the environment accordingly; and 

• Perform more exploratory studies with users in order to check the usefulness of the 

generated reports for students and teachers. 

Additionally, we intend to use a mechanism of inference to discover knowledge from 

the data in the LIM, in order to try to answer the question “Why?” described in [Bazire and 

Brézillon 2005]. 

6.4 Final Considerations 

Although several works consider reflection as one of the most useful skills during the 

learning process [Grundy et al. 1995, Goodman et al. 1998, Tedesco 2003], most recent 

CSCLE still lack ways of supporting learners’ and teachers’ needs and the reflection process. 

Our work aims to attenuate these gaps by proposing a contextualized process for Interaction 
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Analysis that intends to support both students and teachers via the exploration of the LIM. 

Also, the information generated through the analysis of the data in the LIM could be used to 

improve and support awareness [Dourish and Bellotti 1992, Sohlenkamp 1998] in CSCLE. 

Awareness can be used to facilitate effective group communication and coordination.  

One major advantage of our approach is that it considers the context where the 

interactions occur, creating the LIM with contextualized historical information about 

discussion sessions, in order to generate feedback for both students and teachers. This is an 

advantage because, in many cases, only the context can provide the full understanding of 

many interactions, actions or events and the correct cues to allow the correct analysis of the 

interactions, in order to better support user reflection and to provide adequate feedback. 
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APPENDIX A – SPEM NOTATION 

 The SPEM notation is an Object Management Group (OMG) specification of an UML 
metamodel (and UML profile) to represent a family of software development processes and 
their components. SPEM provides the minimum set of process modeling elements necessary 
to describe any software development process without adding specific models or constraints 
for any specific area or discipline, such as project management or analysis. 
 A full description of the SPEM including each concept described below and their 
hierarchy can be found in (SPEM 2005). Some relevant SPEM concepts used in this thesis 
are: 

• The WorkDefinition - It constitutes a kind of operation that describes the work 

performed in the process; 

 
• The Phase - It constitutes a specialization of the WorkDefinition such that its 

precondition defines the phase entry criteria and its goal (often called a 

“milestone”) defines the phase exit criteria; 

 
• The WorkProduct - It constitutes an artifact of a process; any tangible piece of 

information that is produced consumed or modified by a process;  

 
• The Activity - It constitutes a piece of work performed by a single ProcessRole; 

 
 

• The Guidance. It constitutes an element aimed to provide more detailed 

information about the associated ModelElement; 

 
• The Document. It constitutes a stereotype (“a special kind”) of WorkProduct; 
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APPENDIX B – INTERVIEW QUESTIONS 

 
 The questions used in the interview about the system usability and the usage of the 
abstractions of the Argumentation Model were listed below. 
 
1. In general, is the chat easy to use? 

2. Taking appearance into account, what did you think about the chat? 

3. Any suggestion of improvement for the interface? 

4. What did you think about the fact of to classify/to categorize your messages?  

5. Did you use the classification resource? If not, how come? 

6. What kind of information about the dialogue, about others participants, or about your own 

development you would like to obtain, when you are using the chat? 
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APPENDIX C – USABILITY EVALUATION QUESTIONNAIRE  

Usability Evaluation Questionnaire of SmartChat+ 
 
 This questionnaire intends to evaluete your satisfaction with SmartChat+, as well as, 
some of its own features. Your answers are of great importance to improve our tool. We count 
with your collaboration. 
 
Personal Data 
Sex:   (  ) F    (  ) M 
 
1. Have you ever used a chat?  
( ) frequently    ( ) sometimes        ( ) seldom      ( ) never 
 
2. What is your level of knowledge on Intelligent Agents? 
( ) knows very little, only part of the concepts 
( ) already made some courses on the subject    
( ) knows the subject well  
 
About the system you have just used: 
 
3. What did you think about the system? Did you like it? Is it easy to use?  
_________________________________________________________________________ 
_________________________________________________________________________ 
4. How do you think the system could be improved? That is, wich are your suggestions and 
comments upon it? 
_________________________________________________________________________ 
_________________________________________________________________________ 
5. Did you used the message classification? (For example, argument, proposal, question, etc) 
If not, why you did not? If yes, have you missed any word in your message classification? 
Which and how many? 
_________________________________________________________________________ 
_________________________________________________________________________ 
6. Did you find interesting the system to carry interventions through the dialogue? Why? 
_________________________________________________________________________ 
_________________________________________________________________________ 
7. What kind of information do you think it would help the users to focus on the discussions’ 
thema and would help them in the learning process of the subject discussed? 
_________________________________________________________________________ 
_________________________________________________________________________ 
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8. Did you like the reports generated by the system? Do you have any suggestion or 
considerations? Wich other reportes would you like to see in the system? 
_________________________________________________________________________ 
_________________________________________________________________________ 

 
Thank you!!! 
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APPENDIX D – SMARTCHAT+ EVALUATION QUESTIONNAIRE 

SmartChat+ Evaluation Questionnaire 
 
 This questionnaire intends to evaluete the satisfaction with SmartChat+, as well as 
some of its own features. Your answers are of great importance to improve our tool. Therefore 
we count with your collaboration. 
 
Personal Data 
Sex:   (  ) F    (  ) M 
 
1. Have you ever used a chat?  
( ) frequently    ( ) sometimes        ( ) seldom      ( ) never 
 
2. Which is your level of knowledge on object oriented concepts 
( ) knows very little, only part of the concepts  
( ) already made some courses on the subject  
( ) knows the subject well 
 
About the system you have just used: 
3. What do you think about the system regarding its appearance? Is it easy to use? 
_________________________________________________________________________ 
_________________________________________________________________________ 
4. How do you think that the system could be improved in terms of appearance and avaiable 
functionalities? That is, wich are your suggestions and comments upon it? 
_________________________________________________________________________ 
_________________________________________________________________________ 
5. Did you use the message classification? (For example, argument, proposal, question, etc) If 
not, why you did not? 
_________________________________________________________________________ 
_________________________________________________________________________ 
 
6. Did you find interesting the system to carry interventions through the dialogue (to motivate 
the discussion or to indicate people and references)? Why? 
_________________________________________________________________________ 
_________________________________________________________________________ 
7. What type of information would you like to get during the the chat, that you find that it 
would be useful to improve your performance? 
_________________________________________________________________________ 
_________________________________________________________________________ 
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8. Did you find difficult to visualize the sent messages’ log? Why? Any critics or suggestion 
on it?  
_________________________________________________________________________ 
_________________________________________________________________________ 
9. Did you like the reports generated by the system? Why? What did you think about them? 
_________________________________________________________________________ 
_________________________________________________________________________ 
10. Did you enjoy using the chat? Why? 
_________________________________________________________________________ 
_________________________________________________________________________ 

 
Thank you!!! 

! 
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APPENDIX E – FEEDBACK EVALUATION QUESTIONNAIRE – 

STUDENTS’ VERSION 

Feedback  Evaluation Questionnaire – Student’s Version 
 
 This questionnaire intends to evaluete the on-line feedback and the reports generated 
by SmartChat+. Your answers are of great importance to improve our tool. Therefore we 
count with your collaboration. 
 
Personal Data 
Sex:   (  ) F    (  ) M 
1. Have you ever used a chat in your class?  
( ) frequently    ( ) sometimes        ( ) seldom      ( ) never 
 
2. Which is your level of knowledge on object oriented concepts? 
( ) none    ( ) already heard to say the respect   ( ) knows very little, only part of the concepts ( 
) already made some courses on the subject ( ) knows the subject well 
 
About the system you have just used: 
3. What did you think about the systems’ on-line interventions to stimulate the dialogue and 
to make indications of references or people to consult? Any considerations or suggestions 
about them? 
_________________________________________________________________________ 
_________________________________________________________________________ 
4. What did you thing about yours’ performance reports generated by the system? Did you 
like the idea of comparing yours with others users profile? 
_________________________________________________________________________ 
_________________________________________________________________________ 
5. What other reports would you like to have access to?  
_________________________________________________________________________ 
6. About the configurable reports, did you find it difficult to understand? Did you like the 
report layout? Any considerations or suggestions about them? 
_________________________________________________________________________ 
7. Do you think that the system as a hole must be improved? If yes, in wich aspects? 
________________________________________________________________________ 
________________________________________________________________________ 
8. In general, did you enjoy using the system? Why? 
________________________________________________________________________ 

 
Thank you!!! 



 140 

APPENDIX F – FEEDBACK EVALUATION QUESTIONNAIRE – 

TEACHERS’ VERION 

Feedback  Evaluation Questionnaire – Teacher’s Version 
 

 This questionnaire intends to evaluete the on-line feedback and the reports generated 
by SmartChat+. Your answers are of great importance to improve our tool. We count with 
your collaboration. 
  
Personal Data 
Sex:   (  )F    (  )M 
1. Have you ever used a chat in your class?  
( ) frequently    ( ) sometimes        ( ) seldom      ( )never 
 
About the system you have just used: 
1) What did you think about the on-line feedback of your students’performance, suplied by 
the system? Could it be useful to your work?  
_________________________________________________________________________ 
_________________________________________________________________________ 
2) How do you think that the system feedback could be improved? What kind of improvement 
could be introduced? 
_________________________________________________________________________ 
_________________________________________________________________________ 
3) What did you thing about the reports generated by the system? Did you like it? Did you 
thing it was hard to understand them? 
_________________________________________________________________________ 
_________________________________________________________________________ 
4) Do you think that the reports could be usefull to you? Why? 
_________________________________________________________________________ 
_________________________________________________________________________ 
5) What other reports do you find that would be useful for helping you to follow your 
students’ performance in the debate? 
_________________________________________________________________________ 
_________________________________________________________________________ 
6) What did you think about of the system‘s interference into conversation, indicating 
references or persons, to stimulate the conversation?  
_________________________________________________________________________ 
7) In general, did you enjoy using the system? Why? 
________________________________________________________________________ 

Thank you!!! 
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