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Many approaches to analysis of collaborative learning interactions exist nowadays. Among other reasons, this diversity can be regarded to the different purposes for which the analysis is performed, and to the underlying assumptions about learning and/or instruction on which it relies. We elaborate in this paper on these two issues, which set the context of our research. We are working in the definition of a methodology for the evaluation of social aspects of learning in CSCL environments. This paper presents our work in progress towards a representation of interactions based on XML, which has been successfully applied to the evaluation of participatory aspects of learning in a course where collaboration was supported by a shared workspace system.

Introduction

Analysis of interactions has been acknowledged as a key issue in collaborative learning research [4]. As every concept that becomes popular, it is applied in many different contexts and with different purposes. A review of the existing approaches, such as the one presented in [8] is necessary for a better understanding of the field. It provides a framework for the classification of systems that draw on the analysis of collaborative interactions in order to coach the learning process. Here, we try to contribute to this classification in two ways. Firstly, by considering with a broader perspective the purposes that drive analysis of interactions, including evaluation as a possible goal, together with coaching. Evaluation and coaching have similarities, but they also present particular features that must be studied separately. Secondly, by adding a new aspect to the classification that considers the assumptions about learning and/or instruction on which the analysis tools rely on. We outline these two issues as we identified them while setting the conceptual framework of our research. Our group is working in the definition of a mixed evaluation methodology for participatory aspects of collaborative learning, that relies on the use of social network analysis [15] for the study of relationships within groups.

This paper is structured as follows. The rest of this section elaborates on the ideas about the classification of collaboration analysis in CSCL. In the second section, after a brief introduction to our general research objectives, we will present a seminal approach towards the representation of event data for its further analysis.

Evaluation of collaborative learning by means of analysis of interactions

The interest on analysis of interactions is explained by the evolution of research on collaborative learning [4]. Interactions are the visible aspect of collaboration, and they must be studied in order to understand how they relate to other conditions of learning. In this paper, we refer to “evaluation” as this understanding effort. Since its definition as a new paradigm, CSCL has been related to constructivist and social theories of learning [9]. Apart from the already commented interest in the analysis of interactions, this implies a preference towards qualitative approaches to evaluation. Collaborative learning settings are very complex social systems that need many sources of information an deep studies in order to be fully understood.

Computer mediation of collaborative learning has introduced new challenges to evaluation. Some of them are related to new features of the situation, like the need to deal with asynchronous and distant settings [12], or the fact that new types of interactions can appear in computer-supported classrooms, like interactions in relation to and around computers [3]. In this context, qualitative researchers have looked at the storing and processing capabilities of computers as an opportunity for improving their methods of evaluation. Log files provided by the computer are nowadays a common source of data, normally combined with traditional ones, like audio or video transcription, interviews, etc (see, for example, [20] and [12]). However, it makes necessary to face new issues, like problems of data management, interpretation and privacy. The use of ad-hoc data logs not specifically tailored for evaluation leads to large amounts of unnecessary and redundant data. The format is not suitable for direct processing, and they do not provide the semantic information needed for automatic processing. It is not common at all to find functions in the system that allow the researcher to select the kind of study she wants to perform, or to deal with privacy issues. Therefore, a challenge in CSCL research is how to make log data easily available to researchers, allowing them to configure the evaluation; how to perform data processing by automatic means; and how to present results in an intuitive format. The provided solution must be modular, without adding a significant burden to the already demanding design of CSCL applications.

Qualitative research considers context as a key element of analysis. Several questions arise when we integrate automatic processing of data in this kind of evaluation. For example, should the computer model issues related to context? Contextual elements are hard to generalize and even to identify, and therefore, to include them in the models would make it difficult their application to different situations. Moreover, traditional qualitative research already provides tools and methods that help to understand context. For this reason, it might be reasonable to think on two models: one describing issues related to interactions themselves and other describing elements of context, not necessarily computational. This way, we can concentrate on a first stage in the definition of a general interaction model, that can be applicable to different situations, and that can be enriched in each setting with the elements coming from context. We will explain later on in this paper our work in progress based in this general approach to modeling.

Perspectives of analysis of interactions

As explained beforehand [8] presents a survey of systems that perform analysis of collaborative interactions. It classifies them according to the type of interaction data they take as an input, the kind of derivation mechanism they use to produce higher-level data representations and their intervention type. In our point of view, although it is a very valuable contribution for the understanding of the field, it lacks a core aspect. This is the underlying assumption about learning and instruction that the system tries to support, which will be called “analytical rational”.

With this perspective, we classify the systems by the different theoretical perspectives about learning and strategies for pedagogical intervention in the following three types:

· Learner-model oriented. This approach is represented by systems that build learner models in order to detect and promote possible situations of good interactions. Good interactions are defined as those that promote learning, as for example, Vygostky’s zones of proximal development (see GRACILE [1], Sharlock [14]) or by socio-cognitive conflict theories (see COLER [2]). These learner models do not need to be so detailed as the ones in the ITS (Intelligent Tutoring Systems) approach, but descriptions of one or more features of interest, like the items of knowledge that have been recently accessed, or the number of contributions to a chat.

· Interaction oriented. These systems focus directly on the study of interactions and their development along time, trying to infer how different patterns of interaction relate to the construction of knowledge, and/or to promote good patterns of interaction, in the sense that they promote learning. This perspective has its roots in socio-constructivist approaches that consider that knowledge construction relates to the interrelationships of the learners with their social environment, and that the best way of studying this relationship is to study the patterns of interactions. Systems that perform analysis of dialogue, such as EPSILON [17], or MARCO [18] or the action-based collaboration analysis approach [11] fall into this category.

· Participatory perspective. Some analytical systems take a broader view, considering the group as a whole, and try to analyze the group itself, and the social roles assumed by the learners within the group. This perspective focuses on social aspects of learning rather than on cognitive ones, considering activity and participation as a manifestation of learning. It is a gaining importance with the appearance of a new set of theories that comply with the so-called participatory metaphor of learning [16]. An example of an evaluation system that takes this perspective is presented by [13], where the authors show that social network analysis methods can be successfully used in order to measure participatory aspects of learning. 

This classification must be understood as a conceptual tool that can help to understand different strategies towards analysis and support of collaboration. In practice, several perspectives can appear in the same system. For example, COLER [2] considers participation rates as well as cognitive elements for the construction of the learner model.

From the three perspectives that have been identified, we are interested in the study of the participatory aspects of learning. This is due to two reasons. On the one hand, our experience in the use of collaborative learning in curriculum based experiences shows that cultural problems and social aspects appear to be a major obstacle for a successful introduction of the new methods. We think that the participatory perspective can add some light to the study of this problem. On the other hand, being a more recent perspective, it needs further study in order to be better understood.

As mentioned beforehand, social network analysis [15] has been demonstrated as a good approach for the study of participatory aspects. It focuses on the study of patterns of relationships between actors in communities. Its methods have been applied for the study of relationship patterns established through computer mediated communication tools [6] and to the educational domain [13]. These initial works have been useful for showing the potential of social network analysis, which provides a large set of methods and tools that are still to be explored. Our group is working in the application of social network analysis techniques to the study of collaborative settings that have not been considered so far in these analysis, such as shared workspace systems. These issues have been explained elsewhere [10]. Next section will explain our work in progress towards this purpose, focusing in the data modeling issues that arise from it.

A first approach towards the modeling of participatory aspects of learning

Our research project aims at studying participatory aspects of learning in different collaborative settings. We plan this study by integrating automatic data analysis and social network methods in a qualitative evaluation approach.

We will comment here on the issues arising from a first experience in which we use the methodology for the evaluation of a course of Computer Architecture based on a project-based method with case studies that allow students to go through the principal tasks of design and evaluation of computer systems [5]. It was supported by the use of BSCW (Basic Support for Co-operative Work) for the sharing of information resources and asynchronous debates. The evaluation was performed along a complete semester, in a classroom in which students could interact directly and though the computer by means of BSCW. We designed an evaluation schema in which traditional qualitative data sources, such as questionnaires and field observations were enriched with the study of automatic data logs provided by BSCW with social network analysis techniques and tools (see [10] for more details).

This experience let us to study the issues related to the design of the mixed evaluation procedure itself, and the application of social network analysis for the study of interactions through a shared workspace. The fact that BSCW already provides an event log was found interesting in order to adapt our study to an external source of data. This led us to face from the beginning issues related to modularity and standardization.
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We have developed a tool called EL2AM (Event Logs to Adjacency Matrices) that automates the study of event logs by means of social network analysis. It performs three main functions: translation of the data logs into XML (eXtensible Markup Language) [19], construction of the social network representation of the activity of the students (adjacency matrices), and calculation of the set of measurements that have been chosen for our work. Figure 1 shows a schema of the analysis process and tools. The BSCW event logs are taken on a daily basis and translated into a XML format. The XML file is the input of another module, in which the researcher can configure the network to study, choosing between different types of networks, selecting the set of actors (group of students to analyze) and the period of time. The tool provides two outputs: the results of the social network measurements, and the adjacency matrices in a format that can be used by external social network packages such as UCINET. These matrices can be sent to visualizing tools such as Krackplot, which displays sociograms representing the networks. 

The experience of using this method and tools has shown that the measurements helped to identify aspects of the use of BSCW that were not possible to study with the former methods. In particular, sociograms were found to be a very valuable tool for the rapid visualization of general activity and particular roles within the classroom. More details on these issues can be found in [10]. We will focus now on the first step regarding the representation of the data in XML.

In order to build a modular solution, we isolated the source of data (BSCW event logs) from its processing. This was solved by an intermediate step in which event data is represented in a standard format and a suitable structure for its further analysis. We chose to use XML as it is a standard language suitable for data definition and representation. Compared to other solutions, such as the use of tables in a database, XML provides for more interoperability, and the operations needed for updating a file are lighter that the ones needed for updating a database. 

The definition of the DTD (Data Type Definition) for the XML file was a first step towards the identification of a generic data structure suitable for the representation of events able to be processed by different tools. The main elements of the actual DTD that was defined are the following:

<!ELEMENT DAILYACTIVITY (DATE, ACTION*)*>

<!ELEMENT DATE (#PCDATA)>

<!ELEMENT ACTION (OBJECT, USER, EVENT)>

<!ELEMENT OBJECT (OBJECTNUMBER,OBJECTNAME,SOURCE?,DESTINATION?, MEMBERS?, ACCESSPATH?,PLACEDIN,MODIFIED,OBJECTCLASS,CONTENT)>

...

<!ELEMENT USER (USERNUMBER, USERNAME)>

...

<!ELEMENT EVENT (TYPE,TIMESTAMP,ICON)>

...

As it can be seen, we chose to group the actions performed in a day, with a single DATE label for all the ACTION elements of each day. This structure was chosen as it is very suitable for evaluations in which one wants to study the evolution of the collaboration along a period of time.

Interactions in shared workspaces can be called indirect interactions, i.e., they are always derived from the actions performed on shared objects. This is reflected in the DTD, where each action is composed by the OBJECT to which it affects, the USER that performs it, and other features such as the type of EVENT and the time when it happened. The events that have been considered at this stage are a subset of those provided by BSCW, specially all related to creation and reading of objects, i.e., CreateEvent and ReadEvent.

Another element that might be interesting to comment on is the optional element MEMBERS. It represents all the users of the workspace that can access the object. This information is necessary in order to analyze participation. Without it, a user with no access permission to an object could be regarded as passive, while he/she might be unable to act on that object. The element MEMBERS is optional due to efficiency reasons. While the members of an object were stored for every event in the original event log, in the XML file they only appear in the actions that change the field, namely, when the object is created, or when the members of the object are explicitly changed. This has lead to a significant decrease in the length of the generated file.

Of course this is a seminal DTD. It has to be refined by adding new aspects from other settings, and by omitting some of the current elements which might be too specific due to their relationship to the BSCW environment to which the DTD has been applied. For example, we have to consider time units other than days if we want to study processes with more detail, to include a “receiver” in settings where direct interactions are possible, etc. This DTD has to be generalized and applied to other settings in order to validate the definition.

Final remarks and further work

We have presented our work in progress towards the definition of a model of collaborative interactions for the evaluation of participatory aspects of learning. The model that has been presented represents actions on shared workspaces. From this model we have been able to represent and study the interrelationships in the group, drawing on the methods of social network analysis and with the help of a tool developed for this purpose. The DTD is to be enriched by adding features of other collaborative environments such as synchronous problem solving, dialogue based systems, etc. The model will be validated and refined by its application to collaborative settings of these characteristics.

Regarding the modeling of context, we have chosen to adopt a modular solution, in which an interaction model focuses on issues directly related to interactions. An issue of future research is the definition of context models that can be combined with this interaction model in order to improve the functionality of a particular analysis system.

Finally, although our work aims at the definition of participatory aspects of learning, the use of a standard and widespread language such as XML makes it foreseeable its enrichment with contributions of other researchers. For example, those that fall under the other perspectives mentioned in section 1.2. This could make possible to analyze the same set of interactions under different perspectives, without adding extra complexity to the development of the systems.
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Fig. 1: Automatic processing of BSCW event logs with EL2AM. Grey boxes represent EL2AM modules. Striped boxes represent external tools











