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Abstract. Interaction analysis (IA) methods and tools aim to enhance collaboration, providing support for basic functions such as awareness, regulation or evaluation. The importance of these functions depends on the roles played by the participants in a collaborative experience. For this reason, IA tools need to recognize the dynamic role transitions that usually occur in authentic learning settings, as well as to interpret and manage the information needs required by these changing roles. We are working in the definition, developing and validation of a conceptual framework for characterizing roles in collaborative learning contexts that aims at supporting IA tools in achieving these goals. In this paper we present the main results obtained from an experience that illustrates how this framework, initially proposed in a previous paper, supports the definition of IA indicators and values for detecting role transitions in a dynamic way. This experience is part of a longitudinal validation process of the framework that we are carrying out in various authentic learning contexts. 
1   Introduction 
At present, the elaboration of advanced Interaction Analysis (IA) tools and methods for the study of collaboration is a research priority in the CSCL (Computer Supported Collaborative Learning) field [ QUOTE "1" 
1
], [ QUOTE "2" 
2
]. IA can support different functions (e.g., awareness, regulation and evaluation) based on the understanding of collaborative processes. The mentioned functions can be oriented to different types of users, which have different needs depending on diverse aspects related to the context, the specific task, the educational level of the participants and the IA purpose. For example, [ QUOTE "3" 
3
] identify different needs of a teacher in asynchronous and synchronous scenarios, and therefore suggest different types of support. 
Following this idea, in the CSCW (Computer Supported Cooperative Work) field we can find some proposals of awareness systems that adapt their functionalities to the different participants’ roles [ QUOTE "4" 
4
], [ QUOTE "5" 
5
]. These approaches consider that the key issue is to provide exactly the right amount and type of information for a given participant in a given role performing a given task. From these experiences we can state that IA tools would benefit from considering these role-based proposals, in order to improve the collaborative processes they support. Moreover, in CSCL we can find a number of works that show how the pre-assignment of appropriate roles to the participants facilitates their interaction, improving the overall collaborative experience [ QUOTE "6" 
6
], [ QUOTE "7" 
7
]. 

From the aforementioned works, we can see that it would be very useful to identify the roles that can appear in collaborative processes and what are their IA needs, i.e., the information type and how to present it to these roles. Then, the problem faced in this paper consists in how to characterize the roles that participate in a collaborative activity, in order to facilitate the dynamic detection of role transitions during its development. With this information, an IA tool should be able to adapt its outputs to the needs of these evolving roles, in an automatic or semiautomatic way. 
In a previous paper [ QUOTE "8" 
8
], we presented the outline of a framework for the structured description and characterization of roles. The framework faces the lack of a common taxonomy of roles in CSCL and the need of describing dynamic aspects, such as the mentioned shifts between roles that usually take place in real contexts. 
This framework is not a final proposal, and it needs a complete validation process. The theoretical foundations of CSCL demand the use of authentic learning settings in order to achieve relevant evaluation results. In this paper we present one of these validation experiences, which was aimed to assess how the framework supports the detection of role transitions in a dynamic way. This experience also serves to illustrate how the framework can be applied to a concrete learning situation.
The rest of the paper is structured as follows: The next section introduces our proposal of a conceptual framework to describe roles in CSCL contexts. Section 3 presents the experience carried out in order to assess the capability of the framework to support the dynamic detection of roles and discusses next steps derived from this experience. The paper finishes presenting the main conclusions and an overview of our future work plans.
2   A conceptual framework for describing roles in CSCL 

This section introduces the main features of our proposal of a framework for the structured description of roles, initially presented in [8]. We will focus here on the main aspects used in the experience presented in the section 3. This framework aims to enable IA tools to adapt their functionalities to the different roles played by participants in collaborative activities. This adaptation requires a description of these roles so that IA tools can interpret and manage computationally this information.
The description of a role in the framework includes four aspects: definition, IA needs, context of application, as well as indicators and values for detecting it. 
The definition of a role includes its name and the description of its function. In this context, the name is a generic role such as a human, an agent or any combination of them (e.g. teacher or student) [�fü\00\01\00\00\00¨\19v\00PM‡\00N\02&\00\01\00\00\00ìz\13\00\09\00\00\00\00\00\00ißsH·\09\01\01\00\00\00\01\00\00\00\00\00\00\00|ò\12\00`ôX\00ÿÿÿÿ  QUOTE "9" 
9
], and its description is a characterization of an actor in terms of activities, duties and responsibilities in the learning activity (e.g., facilitator: “a teacher performing a minimal pedagogical intervention in order to redirect the group work in a productive direction” [ QUOTE "10" 
10
]).

The description of IA needs specifies the IA information required for a role. These needs involve the purpose (e.g., awareness, regulation or evaluation), information content (e.g., participatory aspects, such as intra-group collaboration), information type (e.g., numerical or graphical), complexity (e.g., elementary or advanced information) and presentation of information (e.g., bar  chart or sociogram), as well as the timing (frequency) and type of medium which will be used to communicate the information to the user (e.g., by the teacher in the classroom or by mail).
These requirements are influenced by the context. The description of context includes diverse aspects collaborative activity such us the scope, that details the number of participants included in the learning activity (e.g., small group, large group), the type of environment (e.g., synchronous or asynchronous), the educational level of the students (e.g., university or K-12 students), the collaborative experience level of participants (e.g. elementary or expert), the specific collaborative tasks (e.g., collaborative edition), and the tools used to develop the activity (e.g. BSCW).
Finally the specification of indicators and values is meant to enable an IA tool to identify a possible change of role during the activity. Each indicator includes a specification of its:  
· Name: An identification of the indicator, for example “participation rate”.
· Description: It refers to the generic aspect of interaction that it represents and its relation with the functions of this role.   

· Range of values and interpretation: It explains the correspondence between the different values that the indicator can take and their interpretation with respect to the described role.    

· Relevance rank: It is possible that we need to use more than one indicator. This aspect states the relevance of the indicator for detecting the role (e.g., some proportion as 50% or a rank such as first, second…).
· Detecting mode: How and when the indicator is calculated (i.e., directly in a specific moment, or between milestones).
All these aspects constitute the basis of the framework. However, this is not a final proposal, but it is under a process of cyclic refinement. As mentioned beforehand, the complexity of the CSCL domain and the generality of the framework itself, require a longitudinal study, where the ideas are incrementally applied to authentic learning scenarios. This way, we plan to assess specific aspects of the framework incorporating formative corrections to the proposal that are again assessed during the next cycle. During this cyclic process, we have already applied the framework to a case study where we could evaluate the capacity of the framework to successfully adapt the IA support to different roles, based on the descriptions of these roles made with the framework [ QUOTE "11" 
11
]. This was a static adaptation, where the roles played by the participants and their needs were pre-defined before the beginning of the collaborative activity. In this paper we are focusing on the possibility of identifying role shifts dynamically, so that an IA tool could adapt its output to these changes during the activity. We have carried out an experience in an authentic learning scenario to assess this possibility. Next section presents the results of this experience.
3    An experience to Assess the Dynamic Detection of Roles
The study described in this section is part of a case study that has been taking place since February 2005 in the course of “ICT (Information and Communication Technologies) applied in Education” at our University. Besides our goal of using it to assess the capacity of the framework to support the dynamic identification of role shifts in a collaborative activity, it also provides an example of the use of the framework in a concrete situation. Table 1 shows the main characteristics of the context of this experience, according to the five dimensions defined in the framework: scope, environment, educational level, experience and tools. 
Table 1. Specification of characteristics related with the context of this experience.  
	Dimensions
	
	Description

	Educational level
	University
	A course of ICT applied in Education

	Scope
	Large group
	Twenty-six students distributed in three groups

	Collaborative experience
	Students:  None
	

	
	Teacher:   Expert
	

	Environment
	Blended
	Technology supports in-site or distance activities.

	Collaborative tools
	Synergeia [ QUOTE "12" 
12
]
	This tool provides a workspace for sharing documents among all the actors in the course

	Specific tasks 
	Theoretical phase 
	Students analyzed diverse aspects of the subject and elaborate in groups three reports (subtasks)

	
	Practical phase
	Students created a Webquest, that could be used in a real school


In this context we have applied the framework for detecting a limited set of emergent roles of learners (isolated and coordinator) and teachers (guide and collaborator). We employed Social Network Analysis (SNA) as a specific IA method, which is appropriate for the study of structural properties of individuals learning in groups [ QUOTE "13" 
1
3]. We used SAMSA in order to produce the desired social network indicators. In this case study we considered the relationships composed by the indirect links between an actor that creates an object in a Synergeia shared workspace and those that access this object in order to read it. All the aforementioned roles were described and could be identified using the framework. For reasons of space, the rest of this section focuses on the detection of the teacher-guide and teacher-collaborator roles, but the discussed results are also applicable to the rest of the learners’ roles. 
3.1   Description of the Indicators Associated with each Role by means of the Framework

This section explains how we employed the framework for specifying the set of SNA indicators and values for detecting the teacher-guide and the teacher-collaborator roles using IA. The selected indicators were: degree centrality (CD(i)) and closeness centrality (CC(i)). CD(i) is the most common measurement for the study of participatory aspects of learning. It indicates the activity of an actor in the network. Also, it is an index of the actor’s prestige [ QUOTE "17" 
1
4]. CC(i) denotes the proximity of a node to the rest of nodes in the network. This index can be interpreted as a measurement of the influence of an actor in the overall network. In the case of relationships that consider the direction of the link, two degree and closeness indexes are defined. For example, for CD(i): indegree (CDi(i)), or the number of links terminating at the node; and outdegree (CDo(i)), or the number of links originating at the node. We have also selected the sociograms for the visualization of the detected roles in a very intuitive way. The sociograms represent the actors as nodes and the relationships among them as lines in the graph. 
According to the dimensions specified in the framework, we defined the values of these indicators for detecting the teacher-guide and teacher-collaborator roles. We consider a teacher-guide as a leader that conducts the activity, detects participation problems and intervenes in order to improve the collaboration. For this reason, his SNA values are the highest among the actors in the network, and he has a central position in the sociogram. Table 2 details the concrete values associated to this role. 
Table 2. Specification of the indicators and their values for the teacher-guide role (teacher-collaborator role values are not shown for space restrictions).
	Role: Teacher-Guide

	Indicators
	

	Indegree CDi(i)
	Description
	Number of links terminating at this actor, in the sense measured by the network

	
	Values /
Interpretation
	A high value indicates a high actor’s prestige into the group

	
	Relevance rank
	First

	Incloseness CCi(i)
	Description
	Specifies the proximity of an actor to the rest of actors in the network

	
	Values / Interpretation
	A high value indicates a high influence of the actor in the overall network

	
	Relevance rank
	Second

	Actor position  in a sociogram
	Description
	A sociogram represents the actors as nodes and the relationships among them as lines in the graph. 

	
	Values / Interpretation
	A centered node in the graph indicates an prominent actor for the rest of participants

	
	Relevance rank
	Third. Only for visual validation


On the other hand, we defined the teacher-collaborator as a teacher that monitors the development of the activity but does not guide it. She participates only in specific moments, for example for reading the reports elaborated by the students. For this reason, her values for the selected indicators have to be lower than the majority of the actors in the network, and her position in the sociogram is not a central one.
The same procedure was followed to define the indicators for detecting the roles of the isolated and coordinator learner. With all these descriptions, we could analyze the networks and detect learners and teachers’ role transitions. Next section shows how we could identify these transitions for the teacher, supported by the descriptions provided by the framework. 
3.2   Results: Evolution of Teacher Role during the Collaborative Activity 

We have analyzed the activity of the participants during the overall collaborative learning activity. Using SAMSA as the IA tool, and the specifications discussed in the previous section we performed a study of participants’ roles after the end of each subtask, approximately each four weeks. 
During the elaboration of the first report, in the theoretical phase,  we detected the role of the teacher-guide. His indexes CDi(teacher) and CCi(teacher) were the highest of participants (29 and 10,57 respectively). Moreover, we can see in the sociogram associated to this phase (Figure 1(a)) how the teacher was the most centered node. Thus, we could conclude that the teacher was the leader of the activity in this phase. 

[image: image2.jpg]


 Fig. 1. Sociograms representing the participants interactions: (a) During the elaboration of the theoretical first report. (b) During the first part of the practical phase. 
The values of these indexes decreased for the teacher during the next weeks. To the end of the theoretical phase, his indexes were lower (CDi(teacher)=19 and CCi(teacher)=13.17) than some of the students indexes (CDi(x08)=39, CCi(x08)=13.73; CDi(x00)=36, CCi(x00)=13.62; CDi(x21)=28, CCi(x21)=13.39; CDi(x20)=22, CCi(x20)=13.45). Thus, the teacher was still one of the most important actors, but other participants had begun to acquire some autonomy. 
Following this tendency, after the first part of the practical phase we could detect clearly that the teacher had lost his role of guide and he had become a collaborator in the activity.  In this period his indegree and incloseness indexes show a notable decrease (CDi(teacher)=14 and CCi(teacher)=8,77, respectively). More than 50% of the students presented higher values in these indexes (with CDi values ranging from 132 to 21 and CCi values from 10.39 to 8.82). We can view the sociogram associated with the practical phase in Figure 1 (b). The teacher is not a centered node anymore.

These results were confirmed by triangulation with different sources of data and analysis methods, including questionnaires, focus groups of volunteers, and classroom observations, following the process described in the Mixed Evaluation Method [�\00H\02\02\00\01\00\00\00T{\13\00\02\00\00\00\00\00\00\00\00\00,\00\00\00\01\00\00\00Tô\12\00­ŠJ\00,\00\00\00€ô\12\00Tô\12\00\0B\00àà\00\00\00\00\00\00\08[ÿ\00\01\00\00\00¨\19v\00È¾�\00H\02\02\00\01\00\00\00T{\13\00\12\00\00\00\00\00\00ÿÿÿÎÃ¿wçÃ¿w,\00\00\00Lò\12\00.Ä¿w,\00\00\00\00\00\00\00  QUOTE "16" 
1
5]. This process confirmed the change of the teacher’s relevance during the process. For example, 79% of the students confirmed the initial role of the teacher as a guide and justified her posterior evolution towards a less central role. 
In conclusion, we can state that the indicators and values defined with the framework supported the detection of the teacher’s role transitions during the collaborative activity using IA. Once a role transition is detected, an IA tool could adapt its output to the specific needs of the emergent role. This adaptation has been already tested in a previous experience with the predefined roles, where the output of the SAMSA was adapted to these roles [11]. After the study presented in this paper, we can think of a next study where both functionalities are integrated, in order to provide a dynamic adaptation of IA support to the users of a CSCL scenario. 
4   Conclusions and Future Work  
This paper has presented an experience performed in an authentic learning scenario using IA methods for identifying dynamically a limited set of emergent roles, corresponding to teachers and learners, as part of the validation process of our proposal of a framework for the structured description of roles. 

This dynamic detection of role transitions is aimed to allow IA tools to adapt their output to the needs of the described roles during the collaborative activities. A static adaptation of IA tool based on the framework has been already shown in [11].
The experience described in this work shows that the structured description of roles proposed in the framework provides appropriate information to describe and identify a limited set of roles. The fact that the indicators and values to detect these roles are described in computational terms allows IA tools to interpret and manage the information. This opens a space for the automatic or semi-automatic adaptation of IA tools to CSCL. Overall, these results aim to contribute to the evolution of the IA field in CSCL, which is currently more focused on the developing of research prototypes, and therefore, far from offering solutions for real users, as stated by [2].

Next iterations of the process of cyclic refinement of the framework will include its application to other authentic learning scenarios, where the dynamic identification of roles and the adaptation of the output provided by the IA tools will be integrated. Additionally, we will increment the number of roles to identify and support by the IA tools. This implies further work in the recognition and definition of adequate indicators to identify these roles.
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