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Abstract:
The development of methods and tools that support formative evaluation in Computer Supported Collaborative Learning (CSCL) is a strategic research subject for the improvement of this area, which is still in an incipient status. According to the current learning theories, the evaluation of collaborative learning has to be based on the study of interactions within their context, the integration of different perspectives, and the adoption of an interpretative research paradigm. The use of computers has been considered as an opportunity for evaluation, due to its storage and processing capabilities, but it also adds new questions to the traditional challenges of collaborative learning research. We present our vision on this problem, focusing on the issues related to the automatic support to the representation and analysis of collaboration. We have modelled them by means of the extended cycle of collaboration management, which has been proposed as an adaptation of a previous one that was oriented to systems that scaffold collaboration. We describe its main characteristics, and then we focus on the first phase of the cycle: The automatic collection of information about interaction, for whose support we have proposed a generic model of collaborative action, which is briefly introduced in the paper. 
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1. Introduction

The area of Computer Supported Collaborative Learning (CSCL) is a recent research paradigm in educational software, based on the application of computer networks to collaborative learning processes. From a theoretical perspective, CSCL is based on social theories on learning [1,2] that emphasise the role of social interaction in the construction of knowledge.  The development of CSCL systems is very complex, due to its interdisciplinary nature, the diversity of actors implied in the process, and the variety of aspects that must be considered: learning improvement, school organization, software design, distributed systems, human-computer interaction, etc. After the initial years of the paradigm, when the main efforts were oriented towards the design of innovative CSCL systems, it is now necessary to focus on their evaluation, in order to detect appropriate lines of research and development that might contribute to enrich the field. Given the nature of the area, these evaluation processes are complex, and can be oriented to any of the aforementioned issues.

During the nineties, the evolution of theories on collaborative learning led the researchers to consider interactions as the main unit of analysis, which  thus became the basis for the study of collaboration [3]. More recently, the situated learning approach has highlighted the intrinsic relationship between socio-cultural context, social interaction and human cognition, and proposes the use of an interpretative paradigm for the study of learning process in contrast with the traditional methods [4]. This vision is accepted nowadays by the scientific community, but it poses many challenges, both in the definition of theoretical models able to integrate all the desired analytical perspectives (social, interactive and individual), and in the proposal of methodological tools for the support of an interpretative approach for evaluation [5]. 

Our interest in these problems is due to our current work in the refinement of the DELFOS framework. DELFOS (“a Description of a tele-Educational Layered-Framework Oriented to Learning Situations”) [6] was defined in order to support the design of CSCL applications. We are working in the refinement of the issues related to the formative evaluation of the applications, of the learning processes supported by the tools defined in the framework, and of the framework itself. This has led us to identify the problems that CSCL poses to the support of evaluation, and to propose a generic model of the process of evaluation support, on which we have based the revision of the existing proposals related to this problem in the literature [7]. As a result of this revision, we have proposed a mixed method of evaluation that integrates automatic analysis processes in an overall interpretative evaluation framework. The tools that support these automatic processes aim at increasing the efficiency of the normally demanding interpretative evaluation procedures, in order to enable the teachers to carry out the formative evaluation processes as part of their normal activity in the classroom. These analysis tools have also to be generic and flexible in order to facilitate their application in different CSCL situations. We have proposed a computational model for the representation of collaborative action that supports the aforementioned requirements of efficiency, generality and flexibility. The mixed method and the model for the representation of action have been thoroughly described respectively in [8] and [9]. In this paper we aim at providing an overview of the problem of the support to formative evaluation in CSCL, pointing out what we think are the main issues that must be taken into account. 

The paper has the following structure: after this introduction, the section two presents the context and implications of the general problem of evaluation support in CSCL. Then, the section three focuses on the description of the model of the evaluation support process we have proposed: the extended cycle of collaboration management. The section four outlines our proposal of a computational representation of collaborative action based on XML. The paper finishes with the main conclusions drawn from our experience in this area, and the open lines of research.

2. Formative evaluation in CSCL

In this section we will present our vision about evaluation as a formative process based on an interpretative research paradigm that leads to the use of qualitative methods for evaluation, and the problems posed when this vision is applied to the CSCL domain. 

Evaluation is a very wide term that can pursue different goals and refer to a large number of aspects. In our work we focus on formative evaluation processes, which can be understood as those that help to gain insight into some aspect of reality with the aim of improving it. Evaluation conceived as such is performed continuously along the learning process, which becomes the main objective of evaluation. Formative evaluation can be considered as a form of research that aims at achieving practical goals, and therefore, is influenced by the research paradigm that is adopted. We distinguish between two main research paradigms: the positivist and the interpretative. The former considers knowledge as something objective, which can be “discovered” through studies that seek scientific rigor as the main quality criterion, which results in a decrease in the meaningfulness of the case. The latter considers that knowledge is built in interaction with the environment, and it is based on the study of real experiences in all its complexity, and with methodologies that place a high value on the participation of the members of the community [10]. As mentioned beforehand, CSCL is based on theories of learning that emphasise its situated nature so that evaluation cannot avoid the social and cultural context on which the learning processes take place [1]. The interpretative approach to evaluation is closer to this perspective than the positivist one, and thus, it is the vision we have adopted in our work. This option yields a number of consequences, namely: the preference for the study of real scenarios (learning taking place in curriculum based experiences) as opposed to experimental situations, the study of the process as a main part of the evaluation, an inductive style for the evaluation designs, and the adoption of ethnographic methods for the collection and analysis of the data. These methods include the observation of the activity throughout a long period of time, interviews to the participants, video and audio recording, etc. [11]. The use of these ethnographic methods in computer-based environments offers new opportunities for research, such as the possibility of setting up new learning situations, and the use of the computer as a new tool for the collection and analysis of data. However, computer support to ethnographic research poses new problems, too. We consider the following ones to be the most important: 
· Access to the sources of data. The access to the field is a known problem in ethnographic research, and the evaluation designs defined under this perspective consider explicitly how to face them [11]. In the case of studies based on automatically collected data, it will be necessary to solve the technical problems related to data access, such as  the need of getting the appropriate rights from the system administrator to access the system logs. The tools will have to include specific functions to collect interactions, which should be independent of the code of the CSCL applications in order to provide modular solutions, and transparent to the users so that they do not interfere in the learning processes.

· Management of large quantities of data with low semantic value. The computer provides the possibility of storing all the actions performed by the users with little or no effort. This can lead to a saturation of data with no meaningful value, impossible to process either automatically or manually. Thus, it is necessary to face the problem of the internal representation of the data so that it can support the analysis process.

· New types of interaction. The introduction of computer networks promotes new forms of interaction, and with them, new challenges for research in collaborative learning. Crook [12] distinguishes between interactions in front of the computer (small groups that work on the same computer); through the computer (communication or actions performed mediated by the network); and around the computer (interactions that take place at classrooms where work is supported by computers). Table I presents the relationship among different aspects that must be taken into account in an evaluation process and the possible data sources that can be used in an ethnographic study, showing which of them are the most appropriate data sources for each one of the different aspects. Examining the table, it can be seen that the data collected by the system are the only source appropriate for the study of the interactions that occur through the computer, and thus, they play an important role in the evaluation of CSCL experiences. Additionally, data collected automatically can be used, in a complementary mode with other data sources, for the study of the interactions in front of the computer and the students’ attitudes. The table also shows that the global evaluation process has to consider a number of sources of data and evaluation issues. Therefore, the integration of all these issues should be a main objective in the design of evaluation processes of quality.

Table 1-1. Levels of suitability of different sources of data for the study of a number of aspects that can be included in the evaluation of a CSCL environment. Notation: (: the method is very appropriate, ~: the method is not totally suited to the aspect; –: the source of data is not suitable for studying the corresponding evaluation aspect.

	
	System events
	Audio, Video, Observations
	Post-hoc comments
	Interviews
	Questionnaires

	Int. in front of the computer
	~
	(
	-
	-
	-

	Int. through the computer 
	(
	~
	-
	-
	-

	Int. around the computer
	-
	~
	(
	~
	~

	Int. outside the classroom
	-
	-
	-
	(
	(

	Opinions
	-
	-
	(
	(
	(

	Attitudes 
	~
	~
	(
	(
	~


· Presentation of results. A known problem in qualitative research is the large volume of data that have to be managed, which, as mentioned above, is usually increased with the use of computers. In order to perform evaluation and make it possible in real situations, it is necessary to reduce this volume and show the results to the evaluator in an intuitive manner. The use of graphical methods of visualisation can help to achieve these objectives, and the computer can be a convenient tool for the production of these graphical representations.

· Ethical and privacy issues. As in every research process, the participants of the experience have to be informed of the fact that they are being observed, of what is the scope of these observations and of what are the objectives of the study. They have to be given the possibility of auto-excluding themselves from the evaluation. In order to provide for these issues, the systems that support evaluation should include specific functions, such as filtering the data of those persons that do not want to be observed or converting the data related to identity in order to increase privacy. 

· Study of the impact of the introduction of the technological system. Last, but not least important, the introduction of computers for the support of collaborative learning implies the need of studying the impact of these media on the learning processes and  on the overall culture of the classroom. 

Therefore, the adoption of an interpretative paradigm leads to the use of ethnographic methods of research for carrying out the evaluation. We have seen that the computer yields new opportunities to support these methods but it also presents new requirements. In order to give an answer to these challenges, an integrated evaluation system is required, where data coming from the computer can be combined with others taken from traditional ethnographic sources of data. Our group has proposed a mixed evaluation method that faces these requirements [8]. Here, we will focus on the issues related to the automatic support to the analysis of collaboration. We have based the study of this problem on the definition of a generic model of the evaluation support process, which is presented in the next section. 
3. The Extended cycle of collaboration management

In this section, we describe the extended cycle of collaboration management, which we have proposed as a generic model for the systems that perform analysis of interactions in order to support collaboration. This extended cycle has its origin in our effort to adapt the cycle of collaboration management proposed in [13] to the scope of the systems that support evaluation. The original cycle of collaboration management focused on the systems that aim at providing on-line support for the collaborative learning processes. We will refer to them as scaffolding systems, as opposed to the evaluation support systems, that are the ones on which we are focusing in this paper. In spite of the fact that both processes (scaffolding and evaluation) share the need of performing analysis of interactions in order to build a model of the state of collaboration, the differences between their final objectives led us to propose an extension to the original model, in order to focus on the specific issues of evaluation. 

What are the differences between scaffolding and evaluation?  From our point of view, the main ones are the moment on which the intervention takes place, and the need of ideal models of collaboration. Regarding the moment of the intervention, scaffolding has stronger restrictions than evaluation, as it has to be done in “real time”, during the learning activity, so that the corrections can be applied by the learners in order to improve the learning process. On the other hand, evaluation is usually performed when the activity being evaluated (or a part of it) has finished. Therefore, scaffolding will need to implement some sort of predictive modelling, while this is not the case with evaluation. Regarding the need of an ideal model of interaction, scaffolding, due to its objective of providing advice to the students, needs an ideal model on which to base these instruction decisions. This does not happen in evaluation, a more exploratory process that has as a major objective the understanding of the processes themselves. 
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Figure 1-1. The extended cycle of collaboration management. The upper part shows the functions and tools oriented to support evaluation, while the scaffolding systems are shown in the bottom part, which is adapted from [13]. The figure shows the similarities and differences between the two types of systems, and the types of tools that support both processes according to the level of computational support of the processes.

Figure 1 shows the extended cycle of collaboration management, including the different phases that compose the two processes: 
· Collection of interaction data. It is the first step in both processes, and it is basic for the posterior analysis. The kind of data that is collected, and more specifically, their semantic value, granularity and level of abstraction are fundamental for supporting a good quality analysis. It is necessary to note that, besides the data collected from the computer, both scaffolding and evaluation can be supported by other data collected from the environment. In this phase, the main problems refer to the access to the data and their representation  in computational format. 

· Modelling the interaction state. This phase consists of the steps performed in order to transform the collected raw data into a set of indicators that reflect a model of the interaction. These indicators provide information about the state of the collaboration. The main difference between scaffolding and evaluation at this point is that in the former the models are built while the collaboration is taking place, and therefore they can need to predict a number of aspects about the collaborative processes, which is not the case in evaluation. 

· Analysis: Diagnosis vs. understanding. In this third phase, the model of interaction is analysed with different purposes that depend on the particular cycle being considered. In scaffolding, the model is compared with an ideal model of interaction (implicit or explicit) in order to detect possible mismatches that will lead to some kind of advice to the learners. In evaluation, the main objective is to show the results of the analysis to allow the evaluator to understand the process in an efficient manner. 

· Feedback: Corrections vs. refinement. In scaffolding, the result of the process takes the form of a set of advises or correcting actions which, according to the analysis, could bring the state of collaboration closer to the desired state. Evaluation has a wider scope, and can be oriented to suggest changes on many different issues such as the setting up of the situation, the scheduling of the activities, the attitudes of the participants, etc. 

Besides the description of the phases, the cycle of collaboration management allows to classify the collaboration analysis tools, according to the level to which they provide automatic support. In the case of scaffolding, it is possible to distinguish between  mirroring, metacognitive and advising tools [13]. Regarding the systems oriented to evaluation, we distinguish between reproduction tools and evaluation support tools. The former take the data collected from the computer and show them with no intermediate processing, as if it had been video-recorded. On the contrary, the evaluation support tools are able to extract indexes that can be shown to the evaluator, who will combine them with other sources of data and methods of analysis, in order to extract the formative corrections that will feed again the collaborative learning process. Finally, as it can be observed in the figure, there is a question mark at the last phase of the evaluation support cycle. This place would correspond to systems that were able to provide the teacher or the student with formative corrections about the studied processes. Therefore, this would be a sort of expert system oriented to evaluation, that given a set of inputs (not all of them necessarily provided by the computer), proposes a series of changes to the environment, based on some kind of knowledge about CSCL systems. We do not think  that such a kind of system is possible, especially if we recall the issues that arise from the adoption of an interpretative paradigm, although it can be considered as an open line of research, which we have denoted by a question mark (?).

Based on the discussion presented in this section, it can be concluded that the systems that support evaluation present features that distinguish them from the systems that scaffold collaboration, and therefore it makes sense to consider them separately. However, in practice, this distinction is not so clear, and many aspects of the tools oriented to scaffolding will apply to evaluation support ones and vice versa. For example, the metacognitive tools and the evaluation support tools perform the same kind of activities. We refer to the two types of tools as interaction analysis support tools. As it has been discussed, the definition of an appropriate model for the representation of the data they collect about collaboration is basic for the support of all the phases that theses systems perform. The next section will briefly discuss our proposals related to this aspect.  

4. automatic data collection and modeling

The first phase of the process of collaboration management relies on an appropriate data representation, able to support the rest of the phases that take place in the extended cycle. To achieve this objective, the representation of the actions performed by the participants has to meet the following criteria: it has to be generic to be able to integrate the different sources, flexible so that it can be adapted to different analytical perspectives, and represented at an appropriate level of abstraction, so that it can be processed either manually or computationally. Finally, it has to be expressed explicitly in a standard language in order to promote interoperability. 

Existing proposals for interaction modelling do not meet all these requirements. Either they are constrained to a single source of data, or they do not make explicit the representation format they use. Some systems rely on dialog analysis, usually based on some form of pre-codification performed by the participants, like EPSILON [14]. Others base the analysis on actions performed on structured shared workspaces, like the system proposed in [15], which presents interesting opportunities for research, but is restricted to these structured interfaces. Moreover, none of these proposals offers an interoperable solution based on an explicit and standard representation of the interactions. 

As an answer to the absence of a model for the representation of collaborative action that met the desired requirements, we have proposed an XML-based representation of collaboration action. We have chosen XML [16] as it is a widely accepted standard that provides a common and understandable representation of the vocabulary, and can help to improve reusability, modularity and interoperability of the applications. The two main problems we have faced at defining the model are the need of modelling the context of the collaborative situations, and the need to provide a generic model able to represent the different types of interactions that take place in different collaborative situations. 

Regarding context, although research in CSCL currently agrees on the need of considering context when interpreting human action, it is an open issue how this is to be done, and what elements should be considered when modelling it, especially from a computational perspective. Apart from very few exceptions, the model of context is usually performed ad-hoc, according to the particular needs of the situation being evaluated. As an alternative, we have proposed the use of the concepts of the DELFOS framework for the description of context in the model of collaborative learning. 

The second aspect we have faced in our proposal is to provide a generic and operational taxonomy for the representation of collaborative action. As mentioned beforehand, existing approaches focus on the representation of a single feature of the interaction, which hinders the desired integration of different sources of data that are diverse in origin and in nature. We aim at integrating dialog and action, as well as automatic and manually collected data in a common structure, by means of a new classification that focuses on the agents that take part in interactions. This way, the proposal distinguishes between direct, indirect and participation-oriented interactions. They are further defined in their elements. The main advantage of this approach is that it easily accommodates to the data collected in each system for each type of interaction.

The validation of the model has been performed by its application to three different case studies [7]. These cases have shown that the model is valid for the representation of interactions coming from distinct data sources, like face-to-face interactions; answers to sociometric questionnaires; indirect actions performed through a document sharing workspace, as well as through a structured interface workspace consisting on a puzzle game for kindergarten children. Our experience in the use of the model shows that it has been expressive enough for situations of distinct characteristics, and that it is a powerful tool for supporting our mixed approach to evaluation, providing an important increase of efficiency in its procedures [8].
5. Conclusions and further work

In order to contribute to the problem of evaluation support in CSCL, our group has proposed a mixed evaluation method and a model for the representation of action in CSCL. In this paper we have introduced some of the issues that have been considered in order to define these two proposals. The adoption of a situated learning perspective for the study of CSCL leads to the need of assuming an interpretative paradigm for evaluation. This leads to a number of challenges, which have been identified and discussed in this paper. Focusing on the automatic support to evaluation, we have defined the extended cycle of collaboration support, that models all the systems that perform analysis of interactions in order to support collaboration, either in order to intervene in the processes (scaffolding) or in order to understand the processes in depth (evaluation). By defining the extended cycle, we provide conceptual framework that points out the specific issues related to evaluation as opposed to scaffolding, while we also highlight the similarities between the two processes.

We have proposed an XML-based representation of collaborative action, independent of the analytical approach, adaptable to different scenarios, and suitable for the representation of data coming from different sources, including field work as well as automatically collected data. One long-term objective of our group is to provide a component-based architecture where different modules can be plugged-in in order to fulfil the functions needed in CSCL situations, yielding the desired benefits of reusability. The model of collaborative action we have proposed and introduced in this paper can be used in order to design a set of generic, flexible and interoperable storing components. These components could provide interaction data suitable to be processed by different analysis components. We are currently working towards the integration of the model in a component-based system for CSCL [17], which will eventually lead to this modular and reusable solution. We encourage other members of the scientific community to use the model we propose in order to refine it and increase its generality.
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