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Abstract 
This work presents an on-going research project, carried out at the University of Bari in conjunction with the University of Basilicata, aiming at investigating mathematics teachers’ perceptions of technologies and of their usefulness in promoting a meaningful learning. Discussion suggested by the remarkable researches in this field and by the analysis of the experience led us to reflect on and to underline that an adequate preparation is essential for teachers to cope with technology-rich classrooms. In particular we believe that, as educators, we also have to deal with the need to lead teachers to develop a more suitable and effective awareness of the usage of Information and Communication Technology (ICT). In this sense, a teaching methodology will be finally proposed.
Introduction

A study published in 2004 shows that, in Italy, 37% of high-school teachers regularly use a PC to prepare their lessons and 20% use a PC for classroom presentations. Most teachers use the Web mainly to acquire further knowledge in their subject matter (62%), to visit websites dealing with school and education (26%), to download material for classroom use (20%) as assessment tests, tools for school activity management, lists of subject links, etc., and to access to encyclopaedias and databases (19%). The results emerged from this study show that one of the major factors preventing teachers from using computers in the classroom is the lack of PCs and data projectors (67%), the lack of educational software and learning materials at school (55%). As a matter of fact, in Italian schools computers are available mainly in labs (78%). Furthermore, an adequate teacher training focusing on the pedagogical use of Information and Communication Technology (ICT) for education is still far from being realised. The analysis of this study shows that the use of ICT in the classroom is based on traditional transfer model characterised by a teacher-centred approach. The prevalence of this view is supported by observations that teachers continue to rely on old standbys such us lectures, textbook reading, and fill-in-the-worksheets practices that reduce students to passive recipients of information and fail to develop their thinking skills (Midoro 2005).

Even though, as stated by Lagrange et al. (2003), bringing ICT in teaching and learning adds complexity to an already complex process, according to Mously et al. (2003), we firmly believe that “technological advances bring about opportunities for change in pedagogical practice, but do not by themselves change essential aspects of teaching and learning”. 

Herein, we claim that for technologies to be effectively used in classroom activities teachers need to see ICTs as learning resources and not as ends in themselves. Moreover, learning activities involving technologies must be properly designed to build on and further develop mathematical concepts. Hence, an adequate preparation is essential for teachers to cope with technology-rich classrooms, so that using computers not merely consists on a matter of becoming familiar with a software.

Two hypotheses underlie a joined research project on the use of technology in the mathematics teaching and learning processes, involving the Departments of Mathematics at the University of Bari and at the University of Basilicata in Italy.

The first hypothesis is that math teachers, both pre-service and in-service, do not fully perceive the opportunities technologies can bring about for change in pedagogical practice.

The second hypothesis is that teachers do not realise that continuous bringing up-to-date and “adequate competences” are essential to successfully deal with perturbation introduced by technologies. As for “adequate competences” we refer not only to the specific knowledge about powerful tools, according to the “instrumental approach” described  by Vérillon and Rabardel (1995), but also to a new resulting didactical and professional knowledge emerging from the deep changes in teaching, learning and epistemological phenomena, as already underlined since the 90’s (Balacheff & Kaput, 1996). 

In this paper we are going to present the early results of an on-going research aimed to verify the two described hypothesis, investigating mathematics teachers’ perceptions of ICT and of their usefulness in promoting a meaningful learning. Even if our sample was only a small group of teachers, we believe that the analysis of the experience could promote a fruitful discussion about the need to foster the development of a more suitable and effective awareness of the usage of ICT in mathematics teaching and learning. In particular, as suggested by Artigue (1998), we will focus our discussion proposal on those didactical (mainly metacognitive) reflections that could help teachers to tackle with changes they can meet when using technologies. In this sense, a teaching methodology will be finally proposed.

Theoretical framework

The reasons why teachers have only a “partial” perception of ICT, and consequently the usage they made of them is often non-completely effective, in our opinion are related to the Kuhn’s idea of the normal cultural difficulty to “accept” new paradigms within a scientific revolution (Kuhn, 1962). Due to the continuous spread of technology in the latest years, challenges and expectations in the everyday life, and in education in particular, have dramatically changed, thus fostering the process of replacement of the old paradigms with new competing ones.

As a consequence, within this context of rapid technological change the world wide education system is challenged with providing increased educational opportunities. As research underlines (Bottino, 2000), innovative learning environments can result from the integration among educational and cognitive theories, technological opportunities, and teaching and learning needs. However, it is extremely important for teachers to confront themselves with the necessity to understand how the potential offered by technology can help in the overcoming of the everyday didactical practice problems. 
In particular, many researchers in the latest years are answering the challenge to provide educational opportunities by studying teaching and learning mathematics with tools (Lagrange et al., 2003). 
Results of both empirical and theoretical studies have also led to the elaboration of the idea of “mathematics laboratory” as reported, for example, in an official Italian document prepared by the UMI (Union of Italian Mathematicians) committee for mathematics education (CIIM): “A mathematics laboratory is not intended as opposed to a classroom, but rather as a methodology, based on various and structured activities, aimed to the construction of meanings of mathematical objects” (UMI-CIIM MIUR, 2004). 
In this sense, a laboratory environment can be seen as a Renaissance workshop, in which the apprentices learned practicing and communicating with each other. In particular in the laboratory activities, the construction of meanings is strictly bound, on one hand, to the use of tools, and on the other, to the interactions between people working together (without distinguishing between teacher and students). 
According to this approach, we firmly believe that technological tools can assume a crucial role in supporting teaching and learning processes if they allow teachers to create suitable learning environments with the aim to promote the construction of meanings of mathematical objects (Fasano & Casella, 2001).

Moreover, in agreement with this point of view, we consider important to highlight that, again quoting the UMI-CIIM document: “the meaning cannot be only in the tool per se, nor can it be uniquely in the interaction of student and tool. It lies in the aims for which a tool is used, in the schemes of use of the tool itself. The construction of meaning, moreover, requires also to think individually of mathematical objects and activities.”
Furthermore, as claimed by Laborde (2002), “whereas the expression integration of technology is used extensively in recommendations, curricula and reports of experimental teaching, the characterisation of this integration is left unelaborated”. In particular, she underlines the idea that the introduction of technology in the complex teaching system produces a perturbation and, hence, for teacher to ensure a new equilibrium he/she needs to make adequate, non trivial choices. This point of view is based on the already mentioned notion of instrument as developed by Rabardel and Vérillon and on the idea that a computational learning environment could promote the learners’ construction of situated abstractions (Noss & Hoyles, 1996; Hölzl, 2001). 

According to Laborde, we believe that integrating technology into teaching takes time for teachers because it takes time for them, first of all to accept that learning might occur in a technology-rich situations and, then, to become able to create appropriate learning situations. The basic use of Cabri, for example, can be easily and quickly learned but, even though Cabri is a microworld allowing an interaction between the visual and theoretical aspects of geometry, it is often used more to facilitate visualisation than to act in the solution process: teachers, indeed, need to learn to go beyond the only use of Cabri as facilitating the formulation of conjectures.

Finally, we agree with Goos (2005) when she stresses that technologies can be viewed as cultural tools that not only re-organise cognitive processes but also transform classroom social practices. This approach, however, also requires the attainment of adequate perceptions of ICT and the awareness of its potential usefulness and effectiveness in mathematics education as a methodological resource.

Methods, context and procedure

The research we are going to present consists in two parallel, even though non-parallely chronologically developed, main phases: the former has been carried out with a group of in-service teachers, the latter involved pre-service teachers. Both the experience have been carried out at the University of Bari while an analogous experience with a further group of pre-service teachers is still on going at the University of Basilicata.

Teachers belonging to the first group were 16 high-school teachers. Although some of them already taught mathematics, on the whole they were qualified to teach related subject and they were attending a training program in order to get a formal qualification to teach mathematics. 

At first, a preliminary anonymous questionnaire was submitted to them with the aim to know if they were able to see technologies as learning resources, as well as if they were available to continuously bring up-to-date in order to properly design technology-rich classroom activities. Key questions in the questionnaire included the following:

· Do you think new technologies could be useful for your teaching activities? Why?

· How do you think computers can be used in classroom or laboratory activities?

· Which difficulties do you think can be encountered when designing and developing a math lessons using somehow ICT?

· As a teacher, do you think you need to have some didactical competences in order to properly use ICT? Eventually, which ones? And anyway, why?

· Do you think that the use of ICT can somehow change the dynamics among actors in the teaching/learning situations? And the learning environment? And the way to teach?

Within the training program they attended, a thirty hours course was focused on didactical reflection aiming at helping student teachers to understand how to make the most of the use, in mathematics teaching and learning activities, of general tools such as spreadsheets, multimedia and Internet, as well as mathematics-specific educational software such as Cabri. In order to explain them that the changes produced by the introduction of a technological tool will not necessarily per se bring the students more directly to mathematical thinking, we referred to the Laborde and Capponi’s approach to the analysis of changes in a learning situation (Laborde & Capponi, 1994). For this reason, student teachers were introduced to the “theory of situations” (Brousseau, 1997) and particular attention was devoted to stress the role of the a-didactical milieu in authentic learning situations. Furthermore, they were asked to analyse and discuss both successful and questionable examples of teaching/learning mathematics activities in which an important role has been played by the use of ICT.

An individual assessment was carried out at the end of the course: asking them to design a teaching/learning activity involving somehow the use of technology, we intended to verify how deeply they have perceived the opportunity to effectively exploit the usage. 

A further anonymous questionnaire, free from constraints, was later submitted with the aim to find out any signal for changes in their conceptions to have been occurred. Key questions in this further questionnaire were exactly the same.

During the second phase a group of 16 pre-service teachers interacted with the researchers/educators in the same way: to this further group of teachers a preliminary anonymous questionnaire was submitted; then, they were invited (during a thirty hours course) to reflect on didactical aspects of the use of technologies as well; at the end of the course they were asked to design a teaching/learning activity in which technology played an essential role; finally we analysed the extent of their changes in looking at the integration of technologies in the teaching/learning processes.

Findings and discussion

We have supposed that the majority of (in-service) teachers of the first group did not see technologies as learning resources and that they did not recognise any difficulties in designing effective technology-rich learning activities, thus that they were not very available to continuously bring up-to-date. For the second group of  (pre-service) teachers we have expected, whereas, a grater bent for didactical aspects and better reactions to the course suggestions.

Findings from the first anonymous questionnaire revealed that, as supposed, in-service student teachers perceived that technology can bring support to their teaching only as much as it is a motivating tool enabling students understanding per se. Answers given by the pre-service teachers, as supposed, were instead a little bit more didactically oriented: some of them recognise that, if nothing else, the knowledge of the instrument functionality is probably not enough for a teacher to use it in an effective way in terms of construction of meanings by the students. None of the in-service teachers recognised that technology could bring a great support in creating new interesting and attractive learning environments. While, at least some interesting observation could be revealed among answers given by the pre-service teachers: some of them suggested the use of technological tools to allow students “collaboratively solve intriguing problems”.

Be aware of the opportunity to create a new “milieu” and change the “economy” of the solving process was, however, extremely far from their perception of the use of technology in mathematics teaching/learning activities, both for in-service and for pre-service teachers. As a consequence they did not feel the need to be skilled in using technology for their teaching and did not usually consider that their lack of skills presents them with any difficulties: they asked to know about software and their functionalities but only some of the pre-service teachers also asked to know how to effectively integrate their use in the teaching practice. 

For this reasons we planned to pay particular attention, during the courses, to promote teachers’ reflections on the opportunities offered by appropriate uses of technological tools in order to create new learning environment and, according to the idea of “mathematics laboratory”, to foster the construction of mathematical meanings.

Even tough some of the activity designs, that in-service teachers prepared at the end of the course, revealed the willingness to attempt a new approach to the use of ICT, answers to the second anonymous questionnaire shown they still continued to find difficulty to be aware of the potentiality offered by ICT. Our incoming hypothesis, hence, was that for teachers to really acquire the desired awareness they do not only need to become acquainted with technologies and with the ways to effectively integrate them in the teaching process, but they also need, at first, to prove themselves as “actors” in such a special “learning scenario”. Thus, even if the course was close to the end, with the second group of teachers we decided to try a “variation on the theme”: we proposed them to put in action their activity designs having as student sample their colleagues. According to their comments at the end of the “action”, in this way they experienced by themselves both the features of the learning processes and the difficulties to create a meaningful learning environment. 

Finally we consider worth of note that, answer to the last anonymous questionnaire (that we have submitted to the pre-service teachers at the end of the course) revealed they have perceived that adequate use of ICT could foster the development of cross-curricular competences, thus aiming not only at the learning of mathematics, but also at the development of learning strategies and at the increasing of cognitive and metacognitive structures/processes as well.

Early conclusions and future works

Discussion suggested by the researches in this field and by the analysis of this on-going experience led us to reflect on and to underline that an adequate preparation is essential for teachers to cope with technology-rich classrooms. In particular we believe that, only if teachers become aware of the potential usefulness and effectiveness of ICT as a methodological resource (enable to foster the constructions of meaningful learning environment) they would recognise the need of an effective integration of technologies in the classroom activities and view new technologies as cultural tools that radically transform teaching and learning.

At the actual stage of this on-going research we can claim that, in our opinion, teachers have difficulty to acquire the awareness of the potentiality of ICT as a methodological resource. Hence, as educators, we also have to deal with the need to lead teachers to develop a more suitable and effective awareness of the usage of new technologies. Furthermore, we believe that the difficulty teachers have to acquire this awareness could be overcome giving teachers the opportunity to be subject of a  “mise en situation” (as in the known Chevallard’s approach). In this way teachers can experience by themselves the difficulties students can encounter and have to overcome, the cognitive processes they can put in action and the attainment they can achieve. They also have the opportunity to reflect on changes occurring when using technologies and to become more skilful and self-confident when deciding to exploit the potentialities of ICT in mathematics education.
For future works we think in particular to go on with this idea, promoting further experiences of “mise en situation” according to the following stages:

· let teachers experience the importance of the relationship between the specific knowledge to be acquired by the students and the knowledge teacher possesses of it;

· let teachers experience the importance of the relationship between the specific knowledge to be acquired by the students and whatever students already know;

· let teachers experience the importance of the relationship between their knowledge and the students’ ones.

We suppose, indeed, that through these stages, teachers could experience by themselves the processes that come into play bringing ICT in a teaching learning situations.

In particular, we believe that in this way teachers do tackle with the obstacles encountered, the difficulties to be overcome, the cognitive and metacognitive processes carried out and the attainment that can be achieved.

To conclude, in the next future we aim to verify that, thanks to this methodology, not only they can cope with changes they could meet in a technology-rich learning situation but, reflecting on them, they can also become aware of how to better make use of ICT as a resource to create an effective and meaningful learning environment.
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