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Abstract.  Implementing a collaborative task in a web-based learning environment does not only mean to provide a context for learners where communication is possible. Without a specific methodology, students work individually in most cases. This has been confirmed in several experiences, where the Logic Framework approach (LFA) has been applied in aDeNu projects. As a result,, a collaborative task has been defined to promote collaboration. This new approach is now being implemented in dotLRN. Moreover, we expect that collaboration among students be improved if adaptive and machine learning techniques are used to offer recommendations. These are computed from the learner’s interactions gathered by the system. Previous work where the LFA methodology was implemented in dotLRN is the starting point for this project. 
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1   Starting Point

aDeNu (Adaptive Dynamic online Educational systems based oN User modelling) [1] research group within the Artificial Intelligence Department at UNED (Spanish National University for Distance Education) [2] has been researching the best way to carry out efficient collaborative tasks between learners and tutors in the context of open and flexible CSCL (Computer Supported Collaborative Learning) environments. 
These studies have been based on intelligence Learning Management Systems (iLMS). The iLMS are being built to improve the effectiveness of the learning process by providing adapted responses to the students’ needs. One of the most important aDeNu’s projects in this context has been ALFANET [3]. This is a research project whose objective was to develop an active and collaborative learning system for adaptive Internet.
One of the techniques studied to manage the collaboration for learning groups in web-based environments was the methodology called Logic Framework Approach (LFA). The LFA is a management tool mainly used in the design, monitoring and evaluation of development projects. LFA is used to identify problems and needs in a certain sector. Its main aim is to promote the collaboration between the project’s members. Because of this, LFA is the reference methodology for International Development Organizations.
There is a lot of documentation about the LFA in the web. For instance in [4] and [5], we can figure out their main features and some examples about the performance of this methodology. In particular, the LFA is carried out by means of four consecutive steps. During those stages, the members are identifying the basic elements for the project management:
· Stakeholder Analysis: Those who should be involved within the project.
· Problem Analysis: Difficulties that shall be solved by the project.
· Objectives Analysis: Goals for each of the problems.
· Alternative Analysis: Different choices for each Objective.
An implementation of the LFA was performed initially [6] on top of ArsDigita Educational System by Innova group (UNED) and lately on top of dotLRN in a Final Career Project [7] lead by aDeNu members. However, the started-up of LFA project within web-based learning environments has not supposed such success in relation to the collaboration purposes planned. Learners did not practice a real collaboration. The environments provide collaboration tools like forums, chats or common file storage areas, but students resolved the LFA’s stages by themselves. Therefore, the objective of CSCL context wasn’t achieved.
Due to this experience, aDeNu Research Group has developed a new proposal to help the management of a collaborative task in a web-based learning environment. This idea includes the collaborative LFA extension and it has been introduced in several conferences and papers. A detailed analysis of that proposal can be found out in the following references: [8], [9], [10] and [11].
The implementing of this proposal is carried out by a Computer Science student as the Final Project of his studies. He is collaborating with aDeNu Group at the Artificial Intelligence Department in UNED, to implement the collaborative extension of the LFA in dotLRN [12]. dotLRN is a full-featured application for rapidly developing web-based learning communities built on top of OpenACS [13] framework and it has been developed using Open Source [14] and GNU licence [15]. 
2   Objectives
The objectives of this project are twofold. On the one hand, to implement a real collaborative context in a web-based learning environment as was described in the previous point. The aim is to achieve that learners work in a collaborative way to reach a consensus in order to solve given problems, surveys or task proposed by the tutor. In this context, it is possible that one of those tasks is a particular LFA. When a LFA problem is performing, students have to collaborate among them to obtain a shared solution for each LFA’s phase. To promote the cooperation, the members will be classified in groups and the responses will be produced as a result of the contribution of each group’s members.
On the other hand, the learning environment has to provide recommendations to the students and tutors related to the learners’ interactions. Each student has a different way of interact with the learning platform, with the others group’s members or with the system. The adaptive collaborative learning environment must be able to define collaboration indicators for the students, store their interactions, compute the value for the indicators from the interactions, and provide recommendations for the students from the indicators. The system has to learn from the users’ interactions and therefore from the users’ behaviours. This is important, so that the system is able to generate recommendations for the users in the present course, or recommendations for other users with similar behaviour, in future courses.
3   The way to reach the real collaboration

In this section we describe the platform, the system architecture and the methodology to be followed. 
3.1   Platform

To develop a collaborative learning environment, it is obvious that the system should be online. Face to face communication is not important to maintain the collaboration among learners.

The environment must provide tools to exchange information between the students. In the context we are working on, this requires 1) the creation of groups and 2) the availability for each work group of several communications tools for the students’ interactions: forums, chats, shared file storage areas …
However, as discussed in the first section of the paper, if the platform only provides these features, full collaboration will not be reached. The environment has also to be able to implement a methodology based in permissions, groups, surveys, tracking, ratings and interactions so that collaboration can be managed in an effective way. This methodology is explained in point 3.3.
Furthermore, the environment has to provide adaptive features so that it is able to gather information from users, built the user model, identify and perform the adaptive tasks. Therefore, it is necessary to apply user model techniques, machine-learning techniques and a multiagent approach to implement the collaborative environment in an iLMS system [16]
3.2   System Architecture

The proposed architecture to perform this implementation is decomposed into several modules. The most relevant are the following: Interaction Module (IM), Learning Module (MLM) and Adaptive Module (AM), which are described next.
· Interaction Module (IM): This module is in charge of providing the services required (such as forums, file storage, surveys) to execute the communication and collaboration among the learners. The set of interaction made by the users will be processed by the MLM (see next) and stored on the user model for each student.
· Machine Learning Module (MLM): This module gathers data (active and passive) from the users’ interactions carried out by the IM. The MLM will use this information to learn the students’ indicators using machine learning and data mining techniques and store them in the user model.
· Adaptive Module (AM): This module is in charge of given recommendations to learners based on the information stored in the user model. In this way, the recommendations are adapted to each user needs and preferences. The goals of these recommendations are 1) to help users in the collaborative tasks, 2) to detect problems from similar user profiles and 3) to involve students in those tasks.
3.3   Working Methodology

The environment and the functional architecture design are very important features for the work in progress. Nevertheless, the most important innovation included in this approach is the interactions management within the collaborative context. In other words, how the methodology works to obtain a real collaboration in a web-based learning environment.
The proposed scenario in previous papers (see [8], [9], [10] and [11]) consists on four steps. The first step in fact is a preparing stage. Therefore, the collaboration methodology is really performed in the next three steps. To implement this way of work, these steps must be carrying out for all tasks in the learning context. For example, in case of carrying out the LFA, the specific collaborative steps have to be repeated in this four phases for the collaborative extension. 
The steps for the collaborative task are the following:

· Interaction Step: This is the initial step. In this stage, the collaborative environment is prepared to work properly. Three tasks are performed in this step:

1. Simulate the task to perform

2. Group learners

3. Select the Moderator for each group

The simulation is an interesting activity with a twofold intention. On the one hand, it is used to train learners in order to learn the environment, the task and the way of collaborating. On other hand, the MLM can obtain the first data from the students. 
The MLM is in charge of grouping the students and will choose one of them as moderator of each group. The way to obtain those results is using machine learning and mining data techniques, as introduced in 3.2. 
Moderator is an important role for each group since he is the responsible for promoting the cooperation and has to provide the final group response for the collaboration task, taken as input the answers of all the members in the group.

· Individual Step: In this stage, each student works individually to provide the answer for the task proposed by the tutor. The learner can use the forum or the chat as communication tools to solve doubts. Collaboration has not begun yet!
When the student ends this step, he/she must create a new thread in the forum with his/her answer. This answer must be rated and commented by the others students in the group in the next step.
· Collaborative Step: After the creation of the thread in the forum, the user will automatically have access to the answers of his/her others mates. Each of them has also created a new thread in the forum with his/her answer. But those threads are kept hidden for each learner until he/she has made public the result of his/her individual stage. In that moment, the student came into the collaboration phase. In this stage he/she can make commentaries to the rest of the thread in the forum. 

Before commenting other learners’ answers, the student has to rate all the proposed answers. The value to rate them is from 0 to 10.
According to the messages received in the thread for his/her answer, the student can consider to create a new version for his/her answer. In that case he/she will create a new thread in the forum for the new version. That version will be visible for the rest of mates. And they will have to rate and comment it again.

Threads in the forum are properly structured. Each version is related to one thread and the messages in the thread are related only with a specific version. However, this is only guaranteed by the definition of the methodology and the proper behaviour of the learners. 
· Agreement Step: All tasks in the learning context have a deadline. Because of this, the group’s members must agree on a group answer before that limit. In this state, the moderator plays an important role. He/she must be able to provide to the tutor a solution accepted by all the group members.
The way to carry out this task is creating a new response from the best rated answers (i.e. the best rated replies in the group). 

The creation of a new solution is always followed by a new thread in the forum. The moderator will proceed in the same way as in the individual versions. The rest of students have to rate and comment it. Several versions can be produced by the moderator, taking into account the rest or members’ comments and ratings. Before the deadline comes, the moderator sends to the tutor the best rated answer.

During this stage, if the moderator has doubts about his/her responsibilities or the way to manage the collaboration, the tutor is available to help him/her.
4   How to build the system modules
The system architecture is made up by three modules: Interactive, Machine Learning and Adaptive Modules, as it has been explained in subsection 3.2. These modules will reuse and extend existing OpenACS/dotLRN packages (specially for the IM) and will incorporate new developments as well in order to implement the collaborative task in dotLRN web-based learning environment. For the implementation of the MLM and AM, the approach made in [7] will be considered as a starting point.
Interactive Module: The Interactive Module has to provide the collaborative environment. Therefore, it has to offer communications tools such as forums, chats, e-mail, common file storage areas, etc. At the same time, this module has to facilitate the implementation of the proposed methodology for managing collaborative tasks explained in subsection 3.3. Therefore, in this context it has to provide tools for:
· Creation of surveys 
· Creation of groups

· Assignment of permissions to learners in order to make visible the responses of the others students in the proper moment

· Rating the others students’ responses

Machine Learning Module: The Machine Learning Module is fed with the learners’ interactions. Therefore, the environment has to provide a way to define indicators for the user interactions, tools for tracking those interactions and a database to store those tracks. 

The indicators measure the interactions of the collaboration. Those values can be obtained directly or indirectly from the user’s interaction (active and passive interaction). Both will enrich the MLM. For instance, it is possible to define indicators as follows:

· Indicators to decide the students’ behaviour. They take into account the user’s contribution in the forums. These indicators are included in the user profile: participative, insightful, useful, non-collaborative, student with initiative or communicative student.

· Indicators related to the forum: thread’s wideness and deepness, number of student who take part in each discussion, the threads in which a student takes part, if a new reply is sent always after a specific user contribution …
· Indicators related to versions: number of rejected versions, number of version of each student, the length of the discussion when the student decide to create a new version …
· Indicators related to ratings: Evolution of the survey in rating terms, if the discussion thread improves the rate or make rates worst, the most frequent value used by a user …
· Indicator from the reading of messages: what does a student do after reading a message?, what is the order of a student for reading messages in the forum?, what does a student do while preparing the answer?, …
The purpose of these indicators is to characterize the user’s behaviour. They can be used to obtain the following information:

1. The way in which students take part in the collaboration task

2. Detect poor collaboration of specific students

3. Predict the failure of the collaborative task

4. Detect conflicts within the groups

Adaptive Module: This module is responsible for offering the recommendation to the learners. These advices are built using the information related to the indicators. The environment must provide techniques to generate those recommendations. Machine learning and data mining techniques are to be used to build the Adaptive Module. Weka suite is to be integrated [17], as done in [7]. 
The recommendations will help to tutors and learners to improve the collaboration tasks. For instance the following suggestions can be provided:

· Suggest the communication with a particular learner

· Suggest to one student to share his/her work
· Tell learners to rate other learners’ responses

· Tell learners to comment other learners’ threads

· Tell a learner to read a specific answer
· Modify the way to collaborate

· Suggest the use of a specific tool

5   dotLRN: the web-based learning environment chosen
dotLRN is an application included on top of the OpenACS Framework. dotLRN provides the context needed to develop web-based communities. Due to its features, is the appropriate package to implement the proposal describe in this paper. 
Following are some of relevant features of dotLRN to facilitate the implementation of the collaborative task support:
· Provides a context to manage courses

· Provides a set of services for collaborative tasks: assessments, forums, email, FAQs, calendars, news, surveys, storage areas  … 

· Allows users and administrators to define different kind of communities with different tools and resources for shared work, dialogue and research
· Tutors can manage courses, communities, appearance, language …
· There are different roles to define the level of the user’s interaction

Besides, dotLRN is integrated in OpenACS framework. So dotLRN inherits from OpenACS the following features:

· Due to its modularity is possible to add new component in the application

· It’s possible to store the interaction produced in the environment in a structured way in relational database.

· The gathered data can be focused in an independent module. So, the data analysing or data gathering can be configured separately from others modules.

· Support two different relational databases: Oracle [18] and PostgreSQL. [19]
· OpenACS is developing using Open Source. This means that its evolution is continuous and therefore its functionality grows every day.
6   Conclusions

The main objective of this paper is to present OpenACS/dotLRN community the proposal to implement a collaborative task where the interaction among user is real and effective. The work in hand has already been announced in OpenACS/dotLRN forums [20] but no details were given. Here, apart from these details, some required features of the environment and the system are described. 
The project’s aim is to implement the adaptive proposal in a learning context. The goal is to obtain a collaborative environment for any kind of project, course o task where structured collaboration is needed. For example the most popular collaborative task (the Logic Framework) can take advantage of this proposal to implement the collaborative extension of Logic Framework Approach in a web-based environment.

In the past, the start-up of the Logic Framework lack of real collaboration among users. With the proposal made in this paper, all the LFA’s stages can benefit from this collaborative approach to reach the agreement solution.
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