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Abstract

After a period in which collaborative learning systems development has focused mainly in design issues, it is now time to concentrate on the evaluation of these systems. This evaluation is based on the constructivist principles of context and process awareness, and considers interactions between the learner and the environment as the unit of analysis. This paper presents a project in which a university course of Computer Architecture has been used as a particular case for the study of the evaluation process in CSCL environments. The project has been supported by BSCW and other telematic tools such as a debate organiser and electronic mail. It is a work in progress aiming at the integration of ethnographic data with automatic processing of the system event logs using social network analysis techniques.

1 Introduction

CSCL (Computer Supported Collaborative Learning) can be seen as the application of new pedagogical approaches based on constructivism and collaborative learning supported by the use of computer networks [10]. CSCL includes pure distance learning environments, in which the participants can communicate only through the computer; presential settings, where a group of students use the system in a classroom, with the presence of their partners; and finally, semi-presential environments, in which students are sometimes in the same classroom in ordinary lab sessions, but they also access the system remotely. Presentiality in these environments, whether it is total or partial has important consequences: first, the use of these systems is closely related to the daily processes of work in the classroom, and second, collaboration is performed in front of and through the computer [5].

The study of the interactions that take place in CSCL environments is receiving an increasing attention. There are at least two perspectives that justify this interest. The first one focus on the evaluation of the learning processes. The underlying theories of learning, whether they are based on cognitive or on sociocultural approaches [11], reinforce the value of the interactions of the learner with the physical and the social environment. Many authors see in CSCL systems a research opportunity for the study of these interactions [6].

Evaluating a CSCL system is a complex task, in which we have to consider many factors, such as usability, distributed computing, learning outcomes, the classroom context, etc. For this reason, many authors propose a multi-faced evaluation method, integrating quantitative and qualitative views [14]. A promising approach for the quantitative measurements is Social Network Analysis (SNA) [19], [22], oriented to the study of the features of the relationships established in social groups. It has been successfully applied in the CSCL domain [15].

The second perspective, more oriented towards system development, aims at the provision of support of the collaboration of the group, which has been recently denominated collaboration management [9]. The support functions range from the simple presentation of the state of the collaboration to the group to several forms of coaching.  

The study of collaborative interactions, whether it is for evaluation purposes or for providing support has been dominated by an “analysis of dialog” perspective [17]. A recent approach,  action based collaboration analysis [13], considers the actions performed by the users over shared workspaces as the base of the analysis, with very encouraging results.   

Our group EMIC (Education, Media, Computer and Culture) has developed a framework for the development of CSCL constructivist environments called DELFOS (“A Description of a Tele-Educational Layer- Framework Oriented to Situations”) [16]. It proposes a methodology for the development of applications based on the participatory analysis approach [4]. We are currently working in the formalisation of  evaluation aspects in DELFOS [12]. 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. 

With this research perspective, we set out a project in Computer Architecture studies using a project-based method with case studies that allow students to go through the principal tasks of design and evaluation of computer systems. It has been supported by the use of BSCW (Basic Support for Co-operative Work) [3] for the sharing of information resources and asynchronous debates, besides other tools such as a debate organiser and electronic mail.

Experimental work has taken place in two phases during the fall semesters (September to February) of the academic years 1999-2000 and 2000-2001. A complete description of the project and the results of the first year experiment are beyond the scope of this paper. They can be found in [7] and [8]. We will focus on this paper on the description of the evaluation procedure that has been designed for the analysis of interactions. 

The rest of the paper is structured as follows. Next section presents a brief introduction to the educational project and to the experimental work we have carried out. Then, we present the issues related to the design of the automatic processing of BSCW event data using SNA techniques. The article finishes with the discussion of the provisional results and the research perspectives opened by this initial experience.

2. Description of the project

This section presents the background and objectives of educational project, its organisation, and the telematic support provided for its support. 

2.2.1 The Computer Architecture educational project

Following the principles of the educational model of DELFOS [16] as well as the directives of the IEEE/ACM Computing Curricula [20], the project aims to provide contextualised, integrated and meaningful knowledge. The students face a project whose objective is the design and evaluation of computer systems oriented to different market sectors (i.e. producers of computer equipment, consulting firms, and clients). In order to have different perspectives of the problem, 5 distinct case studies were defined, covering different market sectors with different system requirements, such as a weather prediction institutes (supercomputing), airline ticket reservation companies (on-line transaction processing), etc. This way, in each class of a maximum of 40 students, at most 4 groups of 2 students each dealt with one out of the 5 case studies independently. The students assume the roles of a consulting firm and a computer manufacturer, and the teacher assumes the role of the client, and of the director of the producer companies.

The project is divided into three subprojects (situations, in DELFOS terminology) that study a specific issue of the whole problem. Each subproject presents two milestones: in the intermediate one basic decisions are made, collected though questionnaires and used in a synchronous debate. In the final milestone, besides the questionnaire and the debate, each group has to submit a formal technical report to the client. At the end of the whole project a technical report is collaboratively produced among all groups that deal with the same case study.

Co-operative learning has been carried out through the cited synchronous guided discussions in the revisions of the sub-projects, asynchronous document sharing and discussions through BSCW, as well as collaborative edition of the final project report. This design was supported by the following telematic tools:

· BSCW (Basic Support for Co-operative Work): it has been used for asynchronous document sharing, threaded discussion and as a workspace for the rest of the tools. 

· Synchronous debate manager: its role is the support for the synchronous debates that take place in the project milestones (reviews). It permits the definition of a questionnaire by the teacher with close and open questions, the presentation to the students, and the collection of the responses presented in a table, pointing out possible conflicts (alarms). These alarms are used to introduce discussions in the debates.

· Electronic mail: used for communication purposes in which senders and recipients assume the roles of the project.

· Other tools: simulators and other tools related to the computer architecture domain were used by the students. We also considered the use of SunForum, a tool for the synchronous application sharing, but the latest version of 1999 was found to be rather unstable for classroom use.

2.2 Experimental work

Experimental study has been carried out in two phases, i.e. the fall semesters of academic years 1999-2000 and 2000-2001. As stated above, our approach to evaluation is based on the principles of qualitative evaluation, trying to integrate the potential benefits of the automatic  processing of event data provided by the technological support.

The evaluation is the base for the analysis of the educational project, besides being a tool for the assessment of the teaching/learning process. Then, monitorization is essential to provide professor feedback, support student work and serve as a means for the reflection of the students about their own processes of construction of knowledge. In our case, the following data were used:

· Technical reports and regular student questionnaires evaluating the educational project, that were deposited in the BSCW shared workspace. 

· Systematic ethnographic observations collected in the diary of an external observer, as well as voice transcriptions of the activities of a selected set of student groups. 

· Grades and observations by the professor

· Computer logs, gathered from BSCW

These results in a large amount of data heterogeneous in form and nature. For the general organisation and processing of the data, NUD*IST [18], a well known qualitative data analysis software package was used. The quantitative analysis of events is done in the SNA based module, which provides measurements of the interaction patterns detected in the system. It shows analytically and graphically some features difficult to detect by human-based analysis of the data. The two tools will complement each other by the use of critical incidents [14], which are special features detected in a system. When one critical incident regarding collaboration is detected by one of the modules, the other will help to study it under other perspective which will help to enrich the knowledge about these special issues. 
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Figure 1. Schema of the evaluation procedure applied to the Computer Architecture course

Figure 1 shows the general schema of the evaluation. The bi-directional arrows show how the design of some sources (questionnaires, formal observations) was affected by on-going analysis performed during the course. The figure also presents as results those features we wanted to explore. In the experiment we describe here, we were specially interested in detecting issues concerning collaboration, such as interaction patterns and student attitudes towards collaboration.

3 BSCW-interactions analysis based on SNA methods 

The SNA-based analysis tool is part of the general evaluation process presented above. Its main input is the data reflecting the actions performed by the users over the BSCW workspace. Therefore, one of the first issues we had to face was the study  of the most suitable source of event data. Other issue was the selection of the most appropriate SNA measurements for our environment. This section explains the aspects related to the design and implementation of the module.

3.1 Collection of event data and configuration of the measurements

BSCW provides two possibilities for the collection of events: the daily workspace activity report, and the event log. The activity report is a function provided by BSCW for the support of group awareness, whereas the event log is mainly a debugging resource. Although none of them was initially conceived for group interaction analysis, we wanted to explore their possibilities as sources of event data. 

The daily workspace activity report is a BSCW facility that notifies the users about the changes that affect the system. This report is sent by e-mail every day in either HTML or text format. It is organised by objects and it can be read and easily understood by a human reader. However, not all types of events, neither the repetitive events over the same object are represented. Only the last action is registered and communicated.

The event log in BSCW is composed by the set of events performed on the environment during a period of time, so that every action has its corresponding entry in the file. The events are stored time-stamped. As mentioned above, this file is produced mainly for debugging purposes, and therefore its structure is not clear neither it is well documented. The study of the fields of the entries in the event log was performed by a systematic process in which all possible types of events were simulated, and its entry in the event log was analysed to infer its meaning. This analysis confirmed that the event log could provide enough information for our purposes, although it had to be filtered in order to avoid redundancies and not needed entries. 

In order to promote interoperability, a second step consisted in the translation of the event log to  XML format [21]. We have defined a DTD (Document Type Definition), that describes the fields of  each event that are meaningful for our purposes. Special decisions have been taken for improving efficiency in the treatment of the XML file.

3.2 SNA methods for the study of BSCW interactions

The most common network in SNA is the 1-mode network in which all the actors belong to the same set (i.e. the study of the messages sent during a period within group). In our scenario, most of the interactions to study do not belong to this type, as they are actions established over the shared workspace. For this situations, SNA defines 2-mode networks in which a group of subjects is related to a set of events. Techniques for 2-mode networks are not so much developed as for the 1-mode ones. Correspondence analysis [22] is one of the most used techniques. In this first experience, one of our objectives was to test the validity of these measurement. Instead of developing our own software, we are using an existing program, UCINET [2], a tool that implements correspondence analysis. The experience of applying and validating this technique in  our scenario may lead eventually to define and develop new tools implementing other measurements, such as those defined in [1]. 

Taking into account the activity observed in BSCW during the two years, and considering the set of techniques provided by UCINET, we have defined the following networks and measurements:

· The participation of the students in BSCW asynchronous discussions is represented by a 1-mode network, to which centrality and betweeneness measures will be applied for the study of the participation in the discussions.

· 2-mode networks will be used to represent the events performed by the participants over a singular object (i.e.: the events performed by the class over the folder “discussions”); and to represent the interrelations between the users and a set of objects given a particular event (i.e.: users that have performed modifications to already existing objects).

The evaluation schema presented in the previous section demands a flexible tool, in which the researcher or the teacher can select the actual measurements, according to the issues observed in the qualitative analysis of data. This networks are configurable, so that the teacher or researcher will be able to define the actual set of actors that will conform the network, the event / object to study, etc.

4 Discussion

We have presented our initial approach for the evaluation of the interactions in a CSCL environment supported by BSCW and other telemetric tools. We have focused in the integration of ethnographic data with quantitative data automatically collected by BSCW, with the use of SNA, a set of techniques specially developed for the study of relational data.

We have defined the overall structure of the evaluation process, and from this approximation to the use of BSCW event logs, we have showed the limits of BSCW regarding the support of collaboration analysis. We can conclude from this point that BSCW (as well as any other CSCL system) should provide specific functionality for the storage and retrieval of actions performed on the workspace. This module should be open and configurable, well documented, and based on standard languages. Data should reflect semantic information, so that it can be automatically analysed. XML, which has been used in this approach, provides for all this requirements.

We think SNA techniques present good opportunities for the analysis of big amounts of relational data. However, there is no previous experience in its application to the analysis of shared workspaces. The results obtained must be interpreted carefully in order to validate the currently proposed techniques. 

As stated in the introductory section of this paper, the analysis of interactions is also the basis for the definition of supporting functions provided for the management of collaboration. A  further objective of our work will be the refinement of the system we have used, in order to enrich such functions. In this sense, we miss the provision by BSCW of an open programming interface for the extension of the basic functionality of the system.

Finally, the evaluation and the study of the interactions must take into account two features of this environment: the asynchronous and the semi-presential style of the interactions that take place in the environment.
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