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Abstract: In this work we propose the discussion of CSCL mechanisms as applied to the learning of mathematics. We propose to do this using a specific framework as a starting point for discussion: experiments based in a dynamic geometry platform designed around the idea of providing an environment suitable for collective discussion and reflection. The on-line computer environment made available by the software Tabulæ Colaborativo allows this by providing both instructors and learners with instruments for communication and mediation in collaborative strategies for learning activities.
1. INTRODUCTION
Collaborative learning has, for some time now, been considered a serious alternative for learning mathematics, in the eyes of a growing number of teachers. The example of project CLUME – Cooperative Learning in Undergraduate Mathematics Education is a case in point. A MAA sponsored workshop held in 1995 reunited about 150 lecturers to discuss experiments in American higher education institutions. Rogers et al. (2001), reporting on these experiments, conclude that cooperative learning is at least as effective as traditional strategies for promoting the learning of mathematics.

Johnson & Johnson are more committed in their assessment:

“Cooperative learning is essential if math teachers are to promote the goals of problem-solving competency, ability to communicate mathematically, ability to reason mathematically, valuing of mathematics, and self-confidence in one’s ability to apply mathematical knowledge to new problem situations in one’s world.” (Johnson&Johnson (1990), pg. 112)

Johnson & Johnson emphasize that the routine work of a group engaged in collaborative strategies must continuously keep in mind the questions: What are you doing? Why are you doing it?  How will it help? Hagelgans et al. (1995) report that CLUME participants seem to agree that working in this way students not only develop a greater understanding of their colleagues solutions: as a rule, discussions result in a variety of modes of solution for a given problem and often in a collective final result which improves on the individual solutions. They also report on improvement of students’ ability for understanding and transmitting mathematical knowledge.

But it does not work for everybody, all the time. The literature also registers students that do not seem to benefit from collaborative learning activities. To account for this Webb & Mastergeorge (2003), Schoenfeld (1992), Goos (2002), point to metacognitive aspects of mathematical thinking. They stress the importance of supporting structures for collective work within the groups, which encourage questioning and supply the conditions for the cooperation between components of the group.

“Perhaps the most significant implication for teachers is the need to establish participation structures that facilitate students’ active engagement with what each other is thinking. In particular, holding students accountable for explaining and justifying their thinking may afford similar forms of discourse and reasoning when students work collaboratively with peers.” (Goos (2002), pg. 301)
Collaborative learning presupposes the active engagement of students in the process of their own learning and is based in a network of supporting mechanisms (Dillenbourg (1999)). In the arguments advanced by its proponents we often see references to the constructivist conception (Vigotsky (1978)) that learning and knowledge acquisition are a function of the learner’s interaction with the environment. Yet, as we see below, it could be just as well grounded in the conceptions many mathematicians have of their own work.
2. COLLABORATIVE LEARNING IN MATHEMATICS
The activity in mathematics is popularly characterized as an individualistic endeavour – and that includes much that is implicit in the demands made on undergraduate students learning it. Professional mathematicians are not necessarily in agreement with this view. Giaquinto (2005) suggests that mathematical activity could be divided in: Discovery, Explanation, Formulation, Application, Justification and Representation (symbolic or otherwise). Each of these activities can be further subdivided, as illustrated for the case of Discovery: making a discovery, presenting a discovery and taking in a discovery (as presented by a colleague). Of these last three only the first could possibly be argued as individual work

Reports of systematic introduction of cooperative learning in face to face undergraduate teaching of mathematics date at least from the 1990’s. In Davidson (1990) we see presented a range of strategies for cooperative learning, in small groups, as an alternative to whole class teaching and individual learning.

Fenton et al. (2001), as well as Davidson et al. (1990), report on successful instances of introduction of collaborative learning in undergraduate disciplines including, among others, Calculus, Algebra, Statistics and Discrete Mathematics. The varied approaches employed are all based in small groups working together in the classroom, homework assignments and laboratory activities.
The strategies reported in Fenton at al. (2001) share, as a rule, a strong focus in error identification, explanation to colleagues of concepts made use of, sharing of solutions and doubts in problem solving and on the encouragement of verbal and written communication within and between the groups. Problem solving in small groups, coupled with different forms of individual assessment are common. The authors suggest, as categories of problems suitable for a cooperative strategy: problems which admit more than one solution, problems that are a starting point into more sophisticated topics or questions, problems which demand a long chain of computations, that can shared among the group members, problems that have no obvious solution, or that may be an starting point for further investigations or conjecturing. The critical analysis of solutions is another fertile ground for collaborative work. Many of the experiments suggest that potential benefits would be available with a coupling with technology.
3. cscl And on-line LEARNING IN MATHEMATICS 
CSCL ​– Computer Supported Collaborative Learning models are based in the use of computational tools as an instrument to facilitate the construction and sharing of knowledge. Network based CSCL tools are meant to add new resources for Collaborative Learning, providing dynamic and remotely accessible support for students, be it in individual or group tasks. 
The learning process is meant to be interactive and collective, based in groups small enough to be manageable, working together from different locations. Thus a major problem to be dealt with is the availability of adequate means of communication between the participants. Here the consideration of the meaning of adequate cannot fail to take into consideration discipline specific aspects, the kind of activities planned for, and the different means of representation for the concepts that will be the object of a given course. 
3.1 CSCL–Related Difficulties
There is more to collaborative learning as a teaching strategy than dividing students in groups and handing out assignments. Issues that have to be carefully considered include assessment (Hron, 2003), the quality of interaction within groups (Dillenbourg, 1999) and adequate encouragement, as opposed to excessive reliance on spontaneous collaborative activities (Slavin (1996) and Cohen (1996)). On top of this, CSCL based communication has specific characteristics (Hron, 2003) that may help to explain some of the difficulties already reported in the literature. One such aspect that comes readily to mind are the discipline specific objects. In the case of mathematics, besides the characteristic notations and symbols, there is the need to manipulate algebraic expressions and, in the case that interests us at this point, geometric constructions (see also Bonk & Cunningham (1998), Scardamalia & Bereiter (2003), Nason & Woodruff (2004)). 
Nason & Woodruff (2004) suggest the use of activities with mathematical problems and models that may be the subject of discussions, critical assessment and improvement. They put forward a suggestion that environments designed to give support to CSCL allow for the adequate representation of mathematical problems and of mathematical discourse. 
Most reports of difficulties in mathematical communication in CSCL experiments are related to the symbolic character of mathematical language, figures and graphical representations, which are not well supported in the majority of systems available. But another aspect that can cause trouble are the particularities of mathematical reasoning, which are not easily represented.
3.2 Collaborative Learning Support in Mathematics
Collaboration scripts are advocated by Kollar et al. (2006) as an effective instrument to enhance the quality of interaction between students involved in collective tasks. We use the term here to denote any form of preordained structure that eases and encourages collaborative activities (Mattos (2007)). They may prescribe a given sequence of activities, define roles and functions for group members and imply the desired characteristics of interaction, creating scaffolding mechanisms for it to effectively occur. 
“There is a need for instructional support that guarantees a higher quality of both collaborative learning processes and individual learning outcomes.” (Kollar at al. (2006) pag 160)

In the case of on-line CSCL, an important aspect to be considered is the great demand for the moderation aspect of the tutoring process. Moderation includes the organization of activities, controlling the interaction, determining goals and motivating the discussion, besides correcting or indicating possible errors. But it includes also creating opportunities for cognitive conflicts, stimulating questioning and contradictions, and supplying further information that may be helpful for the reorganization of ideas about the subject matter. Overcoming difficulties is made easier by procedures that stimulate students to frequently argue and justify their ideas. This structuring of activities characterizes what is called in Mattos (2007) “dynamic scripts”.
The support for collaborative learning may be considered in two levels: the local structure afforded by the script in each activity and the definition of the overall strategy of collaboration to be employed. Different models are considered in Mattos (2007).
4. DifFiculTIES AND SoluTIONS IN ONLINE CSCL
The physical distance between participants constitutes a considerable barrier in itself. Gesture recognition and body language associated to voice tone and physical identification are important components in a face to face classroom. Mechanisms that allow for the lack of these channels of communication had to be built into our modelling of learning situations in the software Tabulæ Colaborativo.
4.1 Tabulæ Colaborativo
Tabulæ Colaborativo – TC was built within the class of software known as Dynamic Geometry (DG). This class of software has been extensively documented in the context of geometry teaching in schools and provides us with an adequate framework for the disciplinary expressivity we needed for our experiments. Our implementation allows for fully (and instantly) sharing geometric construction steps either through the Internet or in local area networks (Guimaraes et al. (2005)). Multiple users participate simultaneously in a given activity, exchanging information either in a geometrical area or through built in text channels. With the working session organized as a collaborative session, a variety of collaborative strategies can be used, either as a part of a distance course or within local sessions in laboratories. 
Decisions of interface and functionalities for the implementation took into account pedagogical and technical constraints, with the goal of optimizing the feel of “presence” of participants and of providing a flexible environment that allows the instructor to replicate a great variety of strategies used in face to face environments. At the same time, we aim for a very thorough record of the sessions, both for assessment purposes and for the convenience of the students themselves. Extensive user tests have motivated a variety of improvements and extensions and the difficulties reported on the literature regarding the use of CSCL in mathematics were dully taken into account.
In order to further improve the overall management functionalities of the system, we are perfecting its integration with a widely used course management platform – Moodle, Dougiamas (1999).
5. ConcluDING REMARKS
We have sketched up to now some of the issues faced by practitioners intent on developing computer supported experiments of collaborative learning in mathematics. A few of those were, we hope, addressed in our software implementation. In the course of the activities of the discussion group we intend to report and discuss a variety of experiments we were able to conduct in the course of perfecting an instrument that could be a vehicle for recreating, for distance learners, successful strategies already used in face to face classrooms and laboratories. We believe that the use of properly developed collaboration scripts along with some of the special functionalities available in the present implementation can go a long way in the direction of answering some of the questions raised in many of the experiments reported in the literature in the last few years. 
Nevertheless, there are issues that may be a long time away. The question of the proper assessment and, even before that, of which are the proper goals for a whole course modeled in this pattern may take a while for answering. After all, “traditional” teaching can’t be said to have it sorted out completely after all this years. Perhaps part of the problem may lay in a remark made in Shulman (1987), that mostly 
“teaching is conducted without an audience of peers. It is devoid of a history of practice.” 
More than that, he says

“One of the frustrations of teaching as an occupation and a profession is its extensive individual and collective amnesia, the consistency with which the best creations of its practitioners are lost to both contemporary and future peers.” 

As we are forced by the constraints of this new format into keeping a thorough record of what goes on in the interaction with and between learners, we might also be leaving a trace that could be later used by our peers for a much needed critical appraisal of our practice.
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